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Abstract

In the Canadian High Arctic general patterns of temperature are poorly resolved at the
meso-scale. This project addressed this issue in three stages.

In the first stage a data set of non-standard weather observations was assembled and
quality controled. The data set possessed approximately 58000 observations, including
dry-bulb temperature, wind, visibility and cloud cover, from the spring and summer
seasons of the years 1974-1993. Up to 10% of the data were unusable due to
erroneous station information.

The second part of the project consisted of a principal components analysis (PCA) of
daily temperature data in the Canadian Arctic Archipelago (CAA). The PCA 1)
demonstrated how the timing and extent of synoptic events could be tracked, 2)
identified the major regional controls of temperature in the CAA, and 3) showed that the
non-standard data exhibited general coherency with regional pattemns yet were able to
reveal zones of coherency at the meso-scale in temperature patterns.

in the third stage of the project a model to estimate surface air temperature at the meso-
scale was constructed. it was based on a 1 km resolution digital elevation model of the
CAA. The effects on temperature due to site elevation and coastal proximity were
selected for parameterization. The change in temperature with elevation was
implemented in the model using derived environmental lapse rates. Advection effects
were handled using resultant winds combined with air temperature above the ocean.
Lapse rates and resultant wind estimates were obtained from upper air ascents. Model
results for 14-day runs were compared to observed data. Residuals (n=385) possessed
a mean absolute error of 1.5°C. The model was sensitive to steep surface inversions
and to low-level warming. Sensitivity analyses were performed on the model to
determine response to alterations in lapse rate calculation, sea surface temperature, and
wind field generation. The model was most sensitive to lapse rate calculation. The
lowest mean absolute error (0.2) was obtained using a moderate lapse rate calculation,
moderate wind field and variable sea-surface temperature.
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1. 1Background and justification

Chapter I

INTRODUCTION:

SURFACE AIR TEMPERATURE IN THE HIGH ARCTIC

1.1 Background and justification

Observations of weather are made daily at thousands of sites around the world. From
these data, in large measure, has been built our understanding of climate. This
understanding is adequate at the largest spatial scales — hemispheric, continental,
regional — yet when climate at the meso-scale, that range between several 10's to
several 100's of kilometers, is considered an important weakness in the modern world
network of weather observing stations becomes apparent: the density of observing
stations is very uneven. For that reason, even today, a detailed understanding of the

meso-scale climate of some areas of the world is not available.
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The High Arctic of Canada is one such place. This area is an archipelago with
islands of varying size and topography, resulting in a complex surface. The presence of
perennial or seasonal sea-ice between the islands adds further complexity to the
underlying surface. The network of weather stations in the archipelago is sparse. It was
designed to capture the major features of the large-scaie (1000's of kilometers) climate
which, in general, it does - the synoptic climatology (1000-2000 kilometers) for this
region is relatively well understood and its portrayal at the continental scale exists in the
literature in adequate detail (Bryson and Hare, 1974). However, the paucity and coastal
location bias of these stations compromises their capacity to investigate climate at the
meso-scale, especially in the summer season, when differences amongst the various
juxtaposed surfaces are at their most extreme.

Orvig (1970) sums these ideas up:
Another problem is caused by the paucity of observing
stations in the polar regions. A similar number of stations in
a continental area would make it impossible to prepare a
climatology. ... The details of any analysis of climatic
elements in the polar regions, as far as they exist, remain
somewhat uncertain. However, it is quite safe to state that
the large scale distributions are reasonably well-known, as

are the general atmospheric conditions and processes.
- S. Orvig, 1970

Thus when considering features of the temperature regime at scales smaller than
the average distance between the stations, which is well within the range of meso-scale
consideration for this region, the lack of observing stations is problematic (Cogley and
McCann, 1976; Jackson, 1969; King and Turner, 1997). Indicative of this situation is the
fact that there are a number of basic, unanswered questions about the climate of this

region: What is the extent of the warm zone around the Atmospheric Environment
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Service Canada (AES) station at Eureka? How much farther east and south past AES
Resolute Bay does the cool northwest flow off the Arctic Ocean penetrate? What is the
nature of the July temperature in the north Lancaster Sound / south Ellesmere Island
area? How does the mean temperature on the interior of Banks or Victoria Island
compare with their coastal AES stations, Sachs Harbour and Cambridge Bay/Holman?

The existing AES network cannot provide answers to such questions.

Processes operating at the synoptic-scale establish the basic climatic
characteristics for a given location. Examples of synoptic-scale activity include the
pressure situation of the atmosphere, which determines the dominant wind flow regime
and which in turn determines the nature of the air mass being driven into the region, or
the occurrence of major weather events like cyclonic systems, which can determine

whether it is sunny or cloudy over large areas.

Processes operating at the meso-scale, however, act on and modify the climatic
characteristics established by synoptic-scale processes. Examples of meso-scale
processes include cooling effects due to down-valley (katabatic) cooling caused by
proximity to icefields and large glaciers, cooling of warm land surfaces due to cool air
advection caused by proximity to the ocean and favorable winds, or temperature
changes caused by differences in elevation. Little is known about the extents of
influence of such meso-scale processes. In response to this shortcoming, there have

been several projects aimed at increasing the meso-scale detail of surface temperature

“Asof January 2000 the Atmaspheric Environment Service Canada has been renamed and is now known as the
Meteorological Service of Canada (MSC).
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plots by increasing station density using short-term, historical or automatic weather

station data. These will be reviewed in detail later in the document.

This work addresses issues in our lack of knowledge about the meso-scale
climate. The general goal is to gain a better understand of the summer, meso-scale
temperature climate of the Canadian Arctic Archipelago. More specifically, the challenge
is to determine what aspects of the meso-scale exert the most pervasive influence on
surface air temperature. With this in mind what are considered to be two of the most
prevalent processes acting on temperature at the meso-scale, in terms of the size of the
area affected, have been selected for specific attention. The underlying assumption for

this project may be stated as follows:

For a given land location, two of the most important factors operating at the meso-
scale to modify the synoptic-scale, summer-time temperature are elevation and

proximity to the ocean.

Site elevation is a major infiluence on the surface climate. Distance from the
coast determines the strength and frequency with which air advected from the ocean can
modify the air temperature regime at the site. This factor4s an important consideration in
the Canadian Arctic Archipelago (CAA) because the often ice-covered ocean can have
surface energy characteristics that are very different from adjacent land surfaces. These
two factors modify temperature patterns that have been determined by synoptic-scale
processes and form, it is assumed, the two most important meso-scale factors. To

evaluate this assumption a model was developed that parameterized the action of these




1.1Background and justification

factors, that is, elevation and distance from the coast, to generate estimates of surface
air temperature. Differences between the temperature predicted by the mode! and
observed temperatures - residuals — were used to indicate model shortcomings and to
suggest avenues for future work. The development of the model, its results and

assessment is presented in detail in Chapter 4.

The observational data used to assess mode!l performance were g_athered
independently of the data used to develop the model. Temperature data recorded at
surface weather stations (as opposed to the upper-air stations) of the Atmospheric
Environment Service Canada (AES) were used to gauge model performance. However,
because most of these stations are situated on the coast, additional temperature data
from the Polar Continental Shelf Project (PCSP) database of non-standard weather

observations, some of which are interior stations, were also used.

The PCSP data set is a non-standard set of data that has not been organized or
sufficiently quality controlled. ‘Non-standard’ refers to data that have been gathered by
personnei other than those from AES and which have not been subjected to the AES
quality control process. Consequently, a first step was to assemble these data and
perform some quality control in order to prepare these data for use in climate research.

Details of the data base assembly and quality control process is presented in Chapter 2.

To further establish the veracity of the PCSP data, and to pursue the goal of
better understanding the meso-scale temperature climatology of the CAA, a principal

components analysis (PCA) of surface air temperature was performed. The analysis had
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three main goals: assess the ability of PCA to record synoptic-scale events, identify
synoptic-scale patterns in air temperature, and demonstrate how PCSP data can capture

meso-scale detail in surface temperature patterns. This work is presented in Chapter 3.

Chapters 2, 3, and 4 of this thesis were written as separate manuscripts and the
appropriate literature is reviewed within the chapters. Technical details are presented in
the Appendices and referred to in the appropriate chapters. in general, the term ‘surface
air temperature’ is understood to refer to measurements of air temperature made near

the surface, at a height of approximately 1.5 m. (Shea et al., 1994).

1.2 General literature review

Within climate research efforts that have been conducted at the largest spatial scales,
that is, hemispheric or continental, the Canadian High Arctic has often been treated as a
single zone and contrasted with other large zones in the circumpolar arctic, or it has
been grouped with the rest of the circumpolar arctic and contrasted with temperate,
tropical or south polar regions. One example is the analysis by Jones et al. (1982) of
broad trends and patterns in surface air temperature over the northern hemisphere. A
region-specific companion study focussed on pattems of surface air temperature in the
circumpolar region (Kelly et al., 1982). Broad patterns of the circumpolar arctic
circulation were the subject of several studies, including Serreze and Barry (1988), who
investigated synoptic activity over a period of a few years, Walsh and Chapman (1990),
who examined circulation variability, and Power and Mysak (1992) who examined
pattens and trends in sea-level pressure and linked these to sea ice extent. LeDrew

(1988) examined the life cycles of several low pressure systems traversing the
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circumpolar basin. Nakamura and Oort (1988) presented a comparative study of
atmospheric heat budgets of the north and south polar regions. In all of these studies,

the Canadian arctic was considered as one zone, with only broad scale trends in this

zone being treated.

At the next smaller scale, the synoptic-scale, there are several studies focussing
on the region of the Canadian High Arctic. Alt and Maxwell (submitted) have recently
completed a study of the overall arctic climate. Higuchi (1988) studied trends in surface
air temperature variability. The spatial pattern of low atmosphere vertical structure
across this region was the subject of two studies, one by Kahl et al. (1992)and the other
by Bradley and Keimig (1992). Bradley and England (1979) performed an objective
classification of synoptic weather regimes. For the Canadian arctic, however, no study
is as comprehensive as that produced by Maxwell (1980, 1982). In these two large
volumes, data summaries were presented in tabular, graphical and mapped form along

with comprehensive analyses of all available climatic elements in this region.

At the meso-scale, there are almost no studies available for the Canadian High
Arctic. One reason for this is a lack of data. Since there are few stations in the High
Arctic, analyses can be conducted only at large (regional, symoptic) and small (local,
micro) spatial scales. There are two ways to increase the resolution of analysis at the

meso-scale: increase station density or model the factors that influence climate.

There are three exceptions in which investigators attempted direct analyses of

meso-scale. In each of these cases resolution was increased by utilizing a greater
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density of data points. Each study focussed on surface air temperature. Jacobs (1990)
and Jacobs and Grondin (1988) conducted meso-scale analyses of surface air
temperature on Baffin Isiand, augmenting AES data by using data recorded by automatic
weather stations at several sites. Parks Canada (1994) presented a detailed meso-
scale plot of surface air temperature for north Ellesmere Island. Here, the density of
data was increased by using transient and historical AES station records and by
incorporating non-standard data collected by Parks Canada. Alt and Maxwell (1990)
presented a detailed surface air temperature climatology for the Queen Elizabeth
Islands. In this case, additional data came from the Polar Continental Shelf Project
(PCSP) data set. The PCSP data set is described in appendix A; its assembly and
assessment constituted one of the foci of thfs thesis. Jacobs'-work was based on
objective analysis techniques; the studies of Parks Canada and Alt and Maxwell were

based on the subjective, manual integration of disparate data sets.

At spatial scales smaller than the meso-scale (the local- and micro-scale),
climate analyses have been conducted in support of various studies, ranging from the
very small to large, multi-year research projects. Examples from glaciology are
numerous and include work on Axel Heiberg Island (Muller and Roskin-Sharlin, 1967;
Havens et al. 1965; Havens, 1964; Andrews, 1964), Devon Island (Koerner, 1979),
Meighen Island (Alt, 1975, 1979), Ellesmere Island (Wolfe, 1995; Wolfe and English,
1995; Bradley and England, 1979; Keeler, 1964), and on glacial mass balance patterns
throughout the Queen Elizabeth isiands (Alt, 1987; Koerner, 1979). A long-term project
to study the polynya north of Baffin Island, called the "North Water Project”, is an

example of a study of a significant marine phenomenon (Muller et al. 1975). Other
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studies have focussed on specific parameters, such as wind (e.g. Headley, 1990; Peters
and Headley, 1992), temperature (e.g. Atkinson, 1994a), or a number of climatic
parameters from a specific site (Alt et al. — submitted; Labine et al., 1994: Alt et al.,
1992). Analyses of the interaction between climate and other physical parameters at

specific sites have also been undertaken (e.g. Woo et al., 1990)

Other examples can be drawn from ecological and botanical studies. For
example, Labine (1994) described and assessed the local-scale climate of a small
coastal lowland area (Alexandra Fiord, Ellesmere Island) as an agent influencing the
ecological richness of the area. Courtin and Labine (1979) presented a similar study of
another lowland area (Truelove Iniet, Devon Istand) in which the impact of the local
climate was incorporated into the development of an understanding of ecological
dynamics of that area. Tundra studies, including vegetation distribution pattern analysis
(Edlund and Alt, 1989; Edlund et al, 1989), albedo studies (McFadden and Ragotzkie,
1967; Larsson, 1963; Larsson and Orvig, 1962) and energy budget investigations

(Ohmura, 1981) have also been conducted.
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Chapter l

A NEW DATABASE OF HIGH ARCTIC CLIMATE DATA FROM

THE POLAR CONTINENTAL SHELF PROJECT ARCHIVES

2.1 Introduction

The analysis of surface climate in the Canadian High Arctic is hampered by a low
density of observational data. The Queen Elizabeth Islands alone occupy roughly
800,000 km? yet are served by only four weather stations, all of which are located on the
coast (Figure 2.1). This represents one station for every 200,000 km?; a similar density
in the conterminous United States would give a total of 40 weather stations. This is

insufficient to characterize the surface condition in a spatially detailed fashion.

To augment the low spatial density of observing locations, a set of non-standard
surface weather observations made at sites throughout the Canadian Arctic Archipelago

has been made available. These data were gathered by the Polar Continental Shelf
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Project (PCSP), an agency of the Canadian federal government. The PCSP was
established in 1959 and continues to operate now, with a mandate to provide logistic
support to research in the Canadian Arctic during the spring and summer months
(March—September). Support includes aircraft and surface transportation, maintenance
of radio communications with camps, lodging at the PCSP bases, provisioning of
selected supplies, and loans of equipment, including meteorological equipment. The
PCSP maintains two bases, the largest at Resolute Bay on Cornwallis Island and a
smaller base at Tuktoyaktuk at the mouth of the Mackenzie River. Almost all scientific

research in the Canadian High Arctic is supported by the PCSP.

In 1973 the PCSP initiated the “Aviation Weather Observation Program”. Under
this program basic meteorological observations were collected at arctic research camps
and relayed twice daily to the main PCSP base at Resolute Bay. This initiative was
conceived to assist flight operations. However, the data were archived and can now be
used to assist climatological research in this region. Recently these data were
assembled from their disparate locations into a single database and reviewed for errors.
This document details that process, summarizes the available data and provides some

brief research results based on the data.

The data gathering initiative functioned until 1994, by which time the proliferation
of global positioning equipment and access to satellite weather imagery had made
contributions from surface observations less important for aviation. During the time data
were gathered, from 1973 to 1994 inclusive, almost 60,000 observations were

accumulated from almost 1200 sites. However, they are of short duration and very few
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record data for more than one season. The most common elements are temperature,
wind and cloud observations, but also gathered at a few sites were dew point

temperature, maximum/minimum temperature, precipitation, and pressure data.

The information accumulated in the ‘PCSP data set’ was in danger of being lost
because no one group was officially responsible for it. The main reason the initiative
functioned as long and as effectively as it did can be attributed to the efforts of Dr. Bea
Alt, a glacier meteorologist formerly with the PCSP and more recently with the
Glaciology Section of the Geological Survey of Canada. Although never officially
charged with the supervision of the project, she was largely responsible for its design
and implementation, its year to year functioning and post-field season data recovery,
and the subsequent archival of gathered data. However, the time commitments

demanded by her other professional duties did not allow her to conduct a full compilation

of this database.

This work was therefore undertaken to perform that compilation: organizing the
data set with its associated station information, creating suitable database access

programs, and making it available to the research community at large.

2.2 History of the data set

Each summer in the High Arctic the PCSP transports teams of researchers to field
locations situated throughout the archipelago. This activity usually begins in April but
sometimes as early as February and continues throughout the summer, often lasting into

September. The transportation of groups to and from their field camps is a continuous
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process during this period. The length of time a group spends in the field varies from a

few days to almost four months and locations are similarly variable from year to year.

Before going into the field a research party received a briefing on how to take
sky/cloud observations and use the meteorological equipment. Weather observations
were made at the camps twice daily, at 0000 and 1200 UTC, recorded, and then relayed
to Resolute Bay during radio check-ins, where they were copied by the base manager.
Most camps provide a continuous twice-daily record, but gaps do exists. Some groups
submitted more than two observations per day. At the end of each field season,
observational records were retrieved where possible from both the field parties and from
the base camp. At some camps the observation of weather was a necessary part of the
research agenda, however, at many camps it was incidental. Here ‘camps’ refers to the
same thing as does ‘station’, that is, an unbroken time series of weather observations
from a given location. For example, a data set for the month of May and another for the
. month of August in the same year, both gathered from the same location, would be
considered two camps in the context of this data file. Alt and Inkster (1987) described
the process of field party data gathering and relaying of information.

The meteorological equipment used by the camps has varied over the years,
being dependent upon the type and quantity of equipment PCSP had on hand at its
warehouse and on the nature of the research being conducted at a given camp. Thus,
the elements observed often differed between camps because they were not all provided
with the same set of equipment. Table 2.1 details which climate elements were gathered

with what type of equipment. Less equipment went to camps that were short term or

which were mobile.
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Table 2.1: Equipment used to gather climatic elements.

Element

Equipment

dry bulb temperature

AES"** alcohol minimum thermometer

electrically aspirated psychrometer

sling psychrometer

Davis “Digitar” electronic temperature sensing equipment
Campbell Scientific RH101 temperature probe

Maximum temperature

AES mercury maximum thermometer
Davis “Digitar” electronic temperature sensing equipment
Campbell Scientific RH101 temperature probe

Minimum temperature

AES alcohol minimum thermometer
Davis “Digitar” electronic temperature sensing equipment
Campbell Scientific RH101 temperature probe

Radiation shielding

Stevenson screen
PCSP “mini-screen” (small, portable version of Stevenson screen)
12-plate Campbell Scientific Gill screen

wind speed

Portable anemometer *
RM Young anemometer

Beaufort scale groupings

Davis “Digitar” anemometer

wind direction

Estimation from flags
RM Young wind vane
Davis “Digitar” wind vane

cloud fraction

Estimation, in tenths

cloud type

Estimation. written description with picture chart for guide

cloud height

Estimation

wet bulb temperature

Electricaliy aspirated psychrometer
sling psychrometer

Radiation Pyronometer (Kipp and Zenen, Epply)
Pressure Barograph
Precipitation raduated cylinder

“*Atmospheric Environment Service Canada, the government agency responsible for all permanent weather stations in

Canada.

Several documents reviewing the PCSP data set have been produced. Thomson

et al. (1986) described all non-standard (i.e., non-AES) data sets available for the High

Arctic, including those from Dome Petroleum, PanArctic Oil (both gathered from the

early 1970s to the mid 1980s) and PCSP, and included brief statistical summaries and

assessments of usefulness. Etkin (1988) focussed exclusively on the PCSP data set,

summarizing record lengths at various stations, types and extents of local site influences

and suitability of data for various types of research. Atkinson (1994b) provided a review

of the data up to 1994, which included storage locations and an assessment for

continued gathering and archiving efforts.
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2.2History of the data set

In the 20 years this project was underway there was never any single responsible
agency maintaining archival continuity. Various contracts were issued to encode the
data into digital format. This was problematic for two reasons: first, it meant that the
data were stored in three different formats, reviewed individually below; and second,
stations were identified in three different ways at different time periods. These problems

have limited the use to which the data have been put over the years.

2.2.1 1974-1983
During the period 1974 through 1983, several contracts were issued to have the data

quality checked and coded. Data were drawn preferentially from the field camp records,
but where necessary, these were cross-referenced with base camp records for
verification.  In 1984, the Arctic Applications Division (now disbanded) of the
Atmospheric Environment Service (AES) transferred the coded hardcopy records onto
computer tape. These data were then transferred to an AES standard format data set
for permanent archival. The particular format used, TDF-1129, was selected so that the
data could be accessed by the AES Marine Statistics System (MAST) to assist in the
production of a Marine Atlas (Agnew et al., 1987). Further encoding of data into this
format occurred up to 1986. In 1988, in response to concerns about shortcomings of the
TDF-1129 format for land data (it does not archive maximum and minimum
temperatures), AES transferred the data archive. The data were written to an hourly
observational format, HLYO1, and the station data were transferred into the AES Station
information System (SIS) database. The HLY01 format was selected because PCSP
data were hourly, with two or more observations per day. The format was organized by

observational element. Each record possessed a header string containing station
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2.2History of the daia set

identification, date and a climatic element label, followed by 24 7-character observation

spots, one for each hour of the day. Missing data were coded with a standard flag, -

99999M.

Thus, PCSP data from the year; 1974 through 1986 were and are still stored by
the AES data archive division. The AES data retrieval system, when working as
designed, will format archived data in tabular format. However, the retrieval system did
not work with the PCSP data because missing observations were coded with blank
characters and not the proper flag. It was also discovered that the PCSP data held in the
HLYO01 format were missing maximum and minimum temperature observations, the

result of an error in a data transferal operation.

The files as stored at AES were thus not readily usable. For this reason the open
reel magnetic tapes submitted to AES by the original data coding contractor were
sought. These were used as the source of data for this study because they were
organized in a format that was much easier to use and because all original data were
present. These data were organized in table format with one record per observation
period (row or line) for each of the available weather elements (columns), sorted by date
and grouped by year and station in an 80 column ASCII file. Unfortunately, only the first

of the two reels was readable, that containing data from 1973-1984.

2.2.2 1984-1986
The years 1984-1986 had also been encoded by an external data entry contractor,

turned over to AES and ultimately archived in HLY01 format. These years had to be

- obtained in HLY01 format because the magnetic tape on which the original table format
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data had been stored had degraded and was unreadable. Maximum and minimum

temperature data for this period are not available because of the programming error

mentioned previously.

2.2.3 1987-1993
AES stopped archiving PCSP data after 1986. The years 1987 and 1988 were encoded

under data-entry contracts issued by PCSP and the Geological Survey of Canada (GSC)
and were available on floppy disk in spreadsheet format, one file per station. The data
structure was tabular, one element per column and one observation per row, sorted by

station and then by time.

Samples of data structures are presented in Appendix A.

2.2.4 Station information and original records
Information about camp topographical context was noted on information sheets that

were returned with observation records by the field parties. These are currently stored in

binders.

The original data records are stored in file folders and reside currently with the
Glaciology Section of the Geological Survey of Canada who are not, however,
technically responsible for the storage of these data. There are several instances of

missing base station records, most notably the entire 1989 field season.

2.3 Methods

2.3.1 Reading and processing the original data files
The variety of formats in which the PCSP data had been stored necessitated the

creation of computer routines in various software environments on various hardware
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platforms that were tailored to the three time periods involved. Weather element data
from all years were read by the computer routines (Appendix A) and stored in a single
observation database; all data concerning station location and situation were stored in a

station location database. The software system used for processing and storage of the

final data sets was SAS™,

Reading the data for the years 1974-1983 into a SAS data sét was relatively
straightforward because the tabular structure of the original data for this time period was
similar to the structure used by SAS. Each observation (one row) was treated as a
string. Data were extracted from certain points along the string, assigned appropriate
variable identifiers representing climatic elements, and written into the data set.
Peculiarities of this data set included, for example, the use of the number 1 to represent
the negative “-" symbol and the use of Fahrenheit temperature scale for 1974 data.

These inconsistencies were handled as the data were read into the SAS data set.

Data for the years 1984—1986 were stored in AES HLY01 format. While a space-
efficient way to store data (dates, times and station identifiers are not repeated for each
observation, unlike a table format), this format was difficult to process into a useable
form and required the most extensive SAS program (Appendix A). The coding algorithm
consisted essentially of three parts: a loop to read observations in single element blocks
(of 24 hourly observations) by day, sorting the data set by station and date, and then

outputting in a tabular format. These data also required the conversion of wind speed

from metric into Imperial units (knots).

18



2.3 Methods

Data for the years 1987-1993 were stored in PC spreadsheet formats
(Macintosh Excel and Quattro for DOS), one spreadsheet per station. All spreadsheets
were imported into Quattro. A program (Appendix A) was written to properly format each
station and export it as ASCII text. From there a Unix ‘korn shell’ script concatenated
the individual station files into a single file for each year which were then read by a SAS
program. Inconsistencies within the data files required several stations to be manually
input (i.e. problems with headings or number of variables that did not work with the

Quattro formatting program).

Station data were stored only as hardcopy and had to be encoded into digital
form. There existed, however, no one standard way of identifying the stations. Within
the four time periods there were three different ways to identify the PCSP stations (Table

2.2).

Table 2.2: Station identifiers used in the different data storage formats.

Data period Identifier Identifier type Identifier width
1974-1983, . .
1987-1988 PCSP station no. Numeric 4
1984-1986 AES station id. Character 7
PCSP station name
1989-1993 ( raphically based) Character 25

The station database required at least one identifier for each station: a character
name, the original PCSP identifier, and/or the identifier assigned by Atmospheric
Environment Service, as well as a location references and start/end dates. These were
input into a second database. Elevation was available on the original station files for
approximately half of the stations. Dates and location information were obtained from

the station data hardcopy.
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For simplicity, all three ways of referring to the stations were retained in the final
database, rather than trying to select one in particular or to come up with a new
identifier. This required the construction of a reference table that contained for each
station all possible identifiers it possessed, which was then merged with the station
information database. This table was compiled from three original sources: one coming
from the station information binders, one from Thompson (1986—providing the AES

identifiers), and one created for the years 1987—-1993.

Merging of the data files into a single database involved prescribing the final
structure of the database, modifying each data file to match that structure, and then
conducting the merge. A minor problem concerned the fact that each time period had
variables that were unique to it. This problem was addressed during the final merge
stage by incorporating all available variables into all observation periods. Those times

that did not originally possess the variable had a missing value assigned.

Code and examples for these routines are provided in Appendix A.

23.2 Error checking
This consisted of examining the observation and station information databases for

outliers or inconsistencies and making corrections or discards as necessary.

Observation database
Extreme temperature values were discarded during initial file import. After import, further

error checking was performed on the following elements:

e dry bulb, dew point, wet bulb, maximum and minimum temperatures within
the range -60 to +30 °C

o wind direction between 00 and 36; wind speeds of less than 100 knots
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o total cloud cover between 0 and 10

¢ individual cloud layer amounts between 0 and 10; layer totals equal total
cloud cover

A data visualization system (SAS/INSIGHT™) was used to determine the ranges
used to assess datum veracity. These ranges formed the basis of assessment used by
an ermror-reporting program. If an error was detected there were several approaches to
handling it. In many instances obvious errors had occurred during data entry, such as
reversed digits for wind direction or the addition of a second, identica! digit (e.g. 99
instead of 9). Errors were corrected if the problem was obvious, otherwise the datum
was deleted. Errors in which cloud layers did not equal the total cloud cover were not
dealt with because use of the cloud layer data was not planned for this project.

Table 2.3 provides total number of occurrences by error type and indicates how

errors were dealt with. Any error type with zero occurrences is not listed in the table.

Table 2.3: Number of errors by type.

Specific Problem occurrences corrected Discarded
Maximum temperature too high 1 - 1
Minimum temperature too low 2 2 -

Dew point temperature too high 3 1 2
Total cloud cover > 100% 28 18 10
Cloud layers > 100% 11 10 1
Wind speed too high 1 1 -
Wind direction incorrect 41 18 23
Sum of cloud layer amounts do not 849 _ ]

| __equal total cloud cover*

* These errors were not deait with.

A disproportionately large number of cloud error problems occur in the last four
years of data. Table 2.4 contrasts, by year, the percentages of total errors and total

number of observations. The iast four years of data represent 13% of the total number of
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observations yet possess 61% of all errors, almost all of which are cloud errors. This

increase in cloud reporting problems is ascribed to a lack of expert advice available

during the field season. Up until 1989 Dr. Alt had usually been on hand to assist field

parties with cloud observation, a skill that often requires considerable experience. Advice

was not available after this time and the quality of cloud observation suffered

accordingly.

Table 2.4: Percentages of errors and total numbers of observations by year.

Year

Percent of
total errors

Percent of total
observations

1974

1975

1976

1977

1978

1979

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989
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1991

1992
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1993
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Station information database

Quality control of the station information database included ensuring it matched the

observational database and checking the coordinates. The station information database

was compared with the observation database to determine if all stations represented in
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the data possessed corresponding records in the station database, and vice versa.
Station beginning and end dates were obtained from the weather observation database
and compared with the same information in the station location database. In numerous
instances discrepancies were found; they and their corrections, when possible, took
several forms and are listed in Table 2.5. In some instances corrections were made from

the original hardcopy.

A count was made of all station identifiers in the observation database that did
not possess a corresponding record in the station database and vice versa. The total
was 234 occurrences, but a number of these were due to slight inconsistencies in station
name spellings. Spelling corrections reduced the number of mismatches to 211. Other
types of mismatches are described in the column labeled “Situation® in Table 2.5.
Corresponding confirmation codes for the observational database are listed in Table 2.6.
Stations for which there was no location data were not corrected; these data are

currently unavailable.

Verification of locations was also performed on the station information database,
a process that consisted of two steps. The first was a check for gross location errors,
that is, locations that fell outside the archipelago; the second was a check for smaller
errors in the accuracy of location data. This was conducted by examining plots of the
stations to see exactly where they were situated, to ensure, for example, that a station

was not located 100km to the west of where it should be.
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Several strategies were available to correct errors in location: finding references
to the station in other years, looking up the geographical feature using the "GeoNames”
internet database search service offered by the Geological Survey of Canada, referring
back to the original hardcopy field observations, or referring back to the hardcopy base
station records. In almost all cases the name given to a camp was simply that of the
nearest named geographical feature on a 1:250000 National Topographic Survey map, a

fact that greatly facilitated verification of location.
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Table 2.5: Station database ‘confirmation’ field flag codes.
Flag | Situation Action
Y Station location, data and times confirmed in none required
both databases
A Station database ‘datein’ and ‘dateout’ fields station database 'datein’ and ‘dateout’ fields
existed and differed slightly from the altered to match the times in the observational
observational database database
B Station database ‘datein’ and ‘dateout’ fields station database ‘datein’ and ‘dateout’ fields
existed and differed significantly (e.g. different altered to match the times in the observational
years) from the observational database database (note that no corresponding data
existed in the observational database for that
year)
Cc Station database ‘datein’ and ‘dateout’ fields ‘datein’ and ‘dateout’ fields taken from the
missing times in the observational database
D Station database ‘lat’ and ‘long’ location fields ‘lat’ and ‘long’ data taken from another record
missing possessing the same station identifier in a
different year
E Station database ‘lat’ and "long’ location fields none possible: no at’ and 'long’ reference for
missing this identifier can be found in the station
database. data are unusable
F Station database record missing station database record created: combination
of actions C and D
G Station database record missing none possible: no 1at’ and ‘long’ reference for
this identifier can be found in the station
database. data are unusable
J Station database record missing record created from metadata records and
dates from observational database
M Situations A and B existed actions for A and B taken
T Observation database missing some dates but, new station database record created for the
with reference to the station database, appears assigned period. Original station database
to be part of an existing series record modified to reflect time period for
which the observation database had dates;
original station database record assigned flag
‘V* to reflect the modification.
v See flag T seeflag T
w Observational database possesses data for none taken at this time: it is not possibie to
this identifier but no dates ascertain the veracity of dates assigned to the
observational database based on those in the
station database. data are unusable
X Observational database has no records for this none possible: station database record
identifier retained for reference
U Identifier mix-up in the station database observational record with dates only
corresponds to a station record possessing no
dates or locational data, but with an identifier
duplicate to an existing confirmed station
record. Observational data assigned to
station, but data are unusable
4 Identifier mix-up in the station database station database records sorted out with
reference to metadata; observational record
data assigned station that matched dates
H Observational data had pcsp station identifier

of 0

station database records with matching dates
and no other data assigned to ob record;
observational database records changed.
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Table 2.6: Observational database ‘confirmation’ field flag codes.
Flag | Situation Action/identifiers of affected stations
Y Station location, data and times confirmed in both none required
databases
J station database record missing record created from metadata records and
dates from observational database
T observation database missing some dates but, with dates assigned to records in observational
reference to the station database, appears to be database
part of an existing series
w observational database possesses data for this none taken at this time: it is not possible to
identifier but no dates ascertain the veracity of dates assigned to

the observational database based on those
in the station database. data are unusable

X Observational database has no records for this none possible: station database record
identifier retained for reference
U Identifier mix-up in the station database observational re€ord with dates only

corresponds to a station record possessing
no dates or locational data, but with an
identifier duplicate to an existing confirmed
station record. Observational data
assigned to station, but data are unusable
station 172 changed to 8

station 7 changed to 25

station 15 changed to 17

H Observational data had pcsp station identifier of 0 observational database records changed.

Overall, of the approximately 58000 records that exist in -the observation
database 60% possessed accompanying station information that did not require
attention while 30% required some modification of the station information database.
However, almost 10% of the observational data are unusable because the attendant
location information is either missing or bbviously in error. Thus, when assessing non-
standard data, while concerns about the accuracy of observational data are important, in
the case of the PCSP database a far more serious cause of data loss in fact came not
from errors within the observational data but from errors in the recording or transcription

of the associated location information.
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Data reliability assessment
An important consideration regarding non-standard data is its reliability for use in

research. Even though sources of gross error were addressed there might be more
subtle errors within the data, such as a systematic misuse of a particular instrument, that

can introduce inaccuracies into results based on analyses using these data.

The manner in which reliability was assessed depended on the climatic element.
Objectively observed elements, such as any temperature measurement, pressure, and
precipitation were expected to be more accurate than subjectively observed elements
such as cloud amount, type or height, and weather element type and intensity. Wind
velocity was represented by both instrumental and estimated observations, however,
they were usually instrument based and all wind velocity observations will be treated as
such in this paper. Wind direction observations were usually estimated using an
improvised wind sock, but it will be treated as an objectively measured element because

it has a large tolerance for error.

The main purpose for gathering these data was the facilitation of aviation safety
and there was thus a vested interest in the accuracy of all elements, objectively or
subjectively observed. In terms of objectively measured elements, those making the
observations were researchers with science backgrounds who were presumably capable
of handling meteorological instruments, which are simple to read. For these reasons the
reliability of the objectively observed data may be considered high. There will be small
errors of reading based on the finest graduation mark, however throughout the database

the distribution of error will be random because there are so many individuals and
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locations involved, and thus the mean of the observations should approach the actual
value. Thus instrument-based observations in general may be used with confidence,

taking into account the provisos noted below.

Observations that were purely subjective, however, must be treated with caution.
The accurate observation of clouds is difficult. Within the PCSP database the most
reliable cloud elements are total cloud cover and number of layers, because cloud
identification was not required. The percent cover for individual layers can be fairly
accurate or not, depending on the sky condition. The type of the lowest layer is often
reasonably well identified. If the clouds are at mid- or high-level identification of type was
more problematic, e.g. confusion between altostratus and cirrostratus. Accuracy of cloud

height observations was poor. In general, cloud layer data from the PCSP database

should be used with caution.

Weather element type was usually well identified, except when the distinction
between precipitation forms was subtle, for example, snow grains, snow pellets and ice

pellets. Intensity of precipitation forms was usually over-estimated.

Arguably the most important element of the PCSP database is temperature. As
an example of the accuracy of this element, three sets of plots were prepared, one set
for each of three years, showing temperature data from various PCSP stations and a

map showing the station locations (Figures 2.2a,b; 2.3a,b and 2.4a,b). Data from AES

stations were plotted for reference.
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Air temperature at a given location is a function of processes acting at various
spatial scales. One process is the seasonal cycle of net radiation balance. This cycle is
manifested as a low-frequency pattern in temperature time-series with a signal that
should be coherent over a large geographical area. To assess its prevalence a principal
components analysis (PCA) of temperature was performed for the years 1977, 1979 and
1981 using data from the month of July. Stations possessing at least 28 days of
observations in July were included. The components that result from a PCA represent
physical processes that are responsible for the pattems in the temperature time series.
Therefore, components possessing numerous large loadings represent phenomena that
are spatially wide spread, as is the seasonal cycle. In each analysis the first component
accounted for a large amount of variability, between 45 and 49 percent, and had many
stations loading with large, positive values. All other components accounted for lower
amounts of variability and possessed few large component loadings. These results are
summarized in Tables 2.7, 2.8, 2.9, and 2.10. Elements in the temperature time series
that are unique to one or a few stations are picked up by lower components (e.g.
components 3, 4, or 5). These compdnents may be considered indicative of local-scale
phenomena at work and which are manifested at certain stations by their large loadings

on certain factors. A more extensive PCA is presented in Chapter 3.

Table 2.7: Results from principal component analyses of July temperature data
showing percent variance explained by first three components for stations
used in figures 2.2, 2.3 and 24.

1977 1979 1981
% variance % variance % variance
explained by # stns explained by #stns explained by | ¢ o4ne
component # * | component # " | component # .
1]2 1|3 112 |3 1 2 |3
| PCSP+AES* [45 (21 | 8 12 46 (14 [ 10 11 49 112 |10 12

‘Includes Resolute Bay, Rea Point, Eureka and Alert
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Table 2.9:

Table 2.10:

23 Methods

PCA component loadings for 1977. Loading values range from +1to -1. A
large positive or negative value is indicative of a relationship to the factor.

Station lFactor 1 |Factor2 |[Factor3
AES Resolute Bay 0.835 -0.005 -0.162
AES Alert 0.748 -0.18 0.359
AES Eureka 0.698 -0.545 -0.262
AES Rea Point 0.466 0.353 0.65
s34 0.825 0.332 0.05
$55 0.805 -0.31 -0.316
S75 0.299 0.796 -0.048
$102 0.158 0.722 -0.157
S$120 0.822 0.061 -0.279
S$125 0.559 0.67 -0.132
$126 0.814 -0.274 0.112
S$130 0.594 0.377 0.357

PCA component loadings for 1
large positive or negative value is indicative of a relationship to the factor.

979. Loading values

Station Factor1 |Factor2 |Factor3
AES Resolute Bay 0.768 -0.374 -0.309
AES Alert 0.688 0.511 0.352
AES Eureka 0.737 0.137 0.458
AES Rea Point 0.651 0.321 -0.082
S34 0.859 -0.263 -0.297
S62 0.713 -0.41 0.081
S§79 0.695 0.321 -0.031
S83 0.57 0.141 -0.355
S97 0.416 -0.343 0.643
S173 0.736 -0.431 -0.055
$190 0.489 0.616 -0.194

PCA component loadings for 1
large positive or negative value is indicative of a relationship to the factor.

981. Loading values

Station Factor1 | Factor2 | Factor3
AES Resolute Bay 0.817 -0.009 0.351
AES Alert 0.707 -0.322 -0.26
AES Eureka 0.891 -0.09 -0.212
AES Rea Point 0.545 0.139 0.369
S43 -0.075 -0.68 0.318
$49 0.881 -0.046 0.248
$59 0.779 -0.105 -0.414
S64 0.629 -0.156 -0.534
S79 0.069 0.81 -0.26
s87 0.809 0.197 0.219
$199 0.643 0.369 0.315
S241 0.88 -0.049 -0.015

range from+1to-1. A

range from +1to-1. A
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In a few instances station loadings on corﬁponent one were low. These stations did not
exhibit coherency most likely because they were situated in areas where local influence

is extreme and which masked the station's response to synoptic-scale processes.

It must be noted that there was a possibility of non-random error occurring in the
temperature data. In some instances a temperature reading may have been influenced
by direct solar radiation. The error is non-random because it would be not be manifested
during cloudy conditions, but would appear as an over-estimation during sunny
conditions. The chance of occurrence is small, for two reasons: observations are taken
in the moming and evening when direct solar radiation is low, and the archipelago is
more often cloudy than sunny (Maxwell, 1982). Despite these mitigating factors, the
possibility still exists and is thus mentioned. The most likely situation under which this

type of error could occur would be an evening observation after a clear day with littie

wind.

2.4 Data set summary

This section presents statistical information about the PCSP data set. To show from
where most of the PCSP data were gathered, overall station densities for the years
1974-1993 were plotted (Figs. 2.5a, 2.5b). Density values were obtained by totaling the
number of stations within a specified radius around each site and contouring those
totals. Stations that possessed at least three days of observations were used, resulting
in 990 stations for the 20 year period. Use of a relatively large search radius of 100 km
(Figure 2.5a) highlighted the main areas of activity while a smaller 50 km search radius

identified local concentrations of research activity (Figure 2.5b). These plots suggest
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good locations for any future research that needs to incorporate PCSP data, and

indicate where research has been most active over the years.

The contour pattern in Figure 2.5a is largely a byproduct of logistical, rather than
research, considerations. The main areas of activity are centered around Resolute Bay
and Eureka. Resolute Bay is the main base of operations for the PCSP; it also
possesses an AES station and an airstrip and is an important high arctic center. Eureka,
another AES station with a good airstrip, serves as the main hub for the central Queen
Elizabeth islands. Another area highlighted in Figure 2.5a, the northemn part of
Ellesmere, is largely encompassed by the Ellesmere Island National Park and has been
the focus of many research projects over the years, especially centered around Lake
Hazen. Other zones are identified on Figures 2.5a and 2.5b. These areas usually
possess specific sites that have seen repeated annual occupancy for long-term studies,
such as the research camps at Truelove Inlet or Expedition Fiord, or small areas which
have been a focus for long-term activity, such as the on-going archaeological work in the

Hazard Inlet area, and which have possessed multiple site locations within a few

kilometers of each other.

The number of stations and their durations have varied considerably from year to
year (Figure 2.6). Durations are broken into one-week intervals for short-term stations,
into two-week intervals for longer stations lengths and into months for long-term stations.
Note that in all years there are stations with record lengths exceeding one month. The
sharp decline in 1987 of the total number of stations, and the trend in general towards
fewer stations after 1986, is a reflection of a realignment of PCSP mandate away from

data storage or analysis work (before 1986 PCSP possessed a small research group).
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In general, of all stations available, 75% possess records that exceed one week in length
and 30% possess records that exceed one month. Counts of various climatic elements,

by year and by month, are presented at the beginning of Appendix A.

Seventy-five percent of PCSP data are within 10 kilometers of a coast and are at.
low elevation (Figs. 2.7, 2.8). This grouping is an artifact of logistics and research
agendas. Bush aircraft need flat stretches on which to land; these are typically found on
raised beaches and gravel terraces near coastlines. Often, however, phenomena under
study by the individual camps involved are also located in such areas. The climate data
from the near-coastal sites form an important source of information about the coastal
regime, which is a highly variable environment in the arctic archipelago. The remainde:
of the data come from inland sources. This is perhaps one of the most important

contributions the PCSP database can make. Data from island interiors augment AES

data by providing information about environment types that the AES network does not

sample.

The mean and median number of observations per station by year is presented
in Figure 2.9. The median has remained relatively constant over the years, ranging
between 20 and 40 observations per camp in all but four years, indicating a general
consistency in station durations. The mean almost always exceeds the median,
indicating that often there are one or two stations in each year that possess a large
number of observations. There were proportionally more long-term stations in 1974,

1975, and 1991 than in other years.
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2.5 Uses of the data

" Since 1973 PCSP data have been used in several studies. Most of these studies have
focussed on local-scale phenomena. Biological sciences have used the data as climatic
input for studies of animal habitat or ecology/botany (Labine, 1994; Ediund and Alt,
1989; Courtin and Labine, 1979). Glaciological studies have made use of the data,
again as climatic input for mass balance studies (Alt 1975, 1979, 1987; Wolfe, 1995;
Bradley and England, 1979; Keeler, 1964). An archipelago-wide radiation model was
produced by Young et al. (1995). Alt and Maxwell (1990) and Maxwell (1980) have used

data from many stations to subjectively increase detail of climate plots.

As indicated in Alt and Maxweill (1990) and Maxwell (1980) the density of climate
observation provided by the AES stations is inadequate to represent in detail the climate
of an area the size and complexity of the arctic archipelago. Maps portraying climatic
elements interpolated to form a continuous surface possess a resoiution insufficient to
capture the physiographical complexity of the region. The situation is such that '
subjective modification by an experienced analyst can form a usefui source of additionan
information. For example, a frequently cited portrayal of temperature is Maxwell's map of
July normals (Figure 2.10). This map was based on data from long-term AES stations, a
few incidental stations, and Maxwell’'s experience. On it are portrayed contours which
show cooler upland regions that are not backed up by observational data, yet which

Maxwell believes to be correct and which contributes important information to the map.

The main contribution the PCSP data can make is to mitigate the problem of

station paucity in the AES observing network by providing more detail about a given type
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of local-scale environment currently sampled by AES stations, and by providing
information about environments that are not sampled by AES stations. The PCSP
database is used in a regional climate study, presented in Chapter 3, and in a
verification role to support a high-resolution surface air temperature mode! for the Queen

Elizabeth Islands, presented in Chapter 4.

2.6 Conclusion

This chapter has detailed the assembly of the Polar Continental Shelf Project database
of climate data, collected under the Aviation Weather Observation Program, from a
disparate collection of small data sets into a single, accessible unit. This process
included the collation and organization of the small observation and station location data
sets and dealing with errors in the data sets. The resultant databasé, f\rom- the period
1974 through 1993, consists of 53000 observations, each observation possessing one or

more climatic elements, and 1000 locations, 60% of which are unique. )

Given that the data are non-standard an assessment of data accuracy was
conducted. The most often utilized element, temperature, was selected for examination.
Assessment consisted of two analyses: a series of comparison plots (Figs. 2.2 - 2.4)
and a principal components analysis. The plots, in which AES data were used as a
reference standard, show the time series from the PCSP stations trending with the time
series from the nearby AES stations. This shows the PCSP data responding in the same
way to regional-scale influences as the AES station. In the PCA results both PCSP and
AES stations are loaded heavily on the first component, indicating that most stations are

responding to processes acting over large spatial scales, in this case the seasonal cycle,
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in a similar manner and thus confirm that the PCSP data are seasonally coherent with
the region as a whole. More detailed applications of the PCSP data set are conducted in

Chapter 3 and the data set is used in a supporting role to verify the surface air

temperature model presented in Chapter 4.

The utility and accuracy of the PCSP data set has thus been established. Of the climatic
elements represented, cloud layer data and precipitation data should be used with
caution. Data about weather type should be used with the previously stated provisos

bome in mind. All other elements are fit for use.
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Chapter 3

A PRINCIPAL COMPONENTS ANALYSIS
OF THE JULY TEMPERATURE CLIMATE OF THE

CANADIAN ARCTIC ARCHIPELAGO

3.1 Introduction

The level of detail at which an analysis of summer surface air temperature in the
Canadian Arctic Archipelago (CAA) may be conducted is limited by several factors,
including the coastal location of all meteorological stations, the large distances between

the few weather stations, and the complex physiography of the archipelago (Figure 3.1).

Physiographic complexity can restrict representativeness, depending on the type
and scale of the analysis. For example, the portrayal of general trends in time and of
broad patterns over large areas can be captured adequately by relatively few stations.

Location is not as significant a concern when the objective is the identification of patterns
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caused by climatic controlling agents operating at the largest spatial scales. However,
considerations of restrictions to representation become more important when detail
within a smaller area is sought in short time-period analyses, especially in areas of
complex physiography. An additional concern in the arctic is the fact that all of the
meteorological stations are located within a few kilometers of the coast. In general, for
stations around the world, location on a coast can result in a local-scale modification
which consists typically, in summer, of a cooling caused by on-shore advective flow or
by local-scale circulations called the 'sea-breeze' (King and Tumer, 1997; Maxwell,
1980). Thus two factors, complex physiography and coastal proximity of stations, act to
reduce the detail that weather stations of the Atmospheric Environment Service (AES)

may resolve in analyses of surface climate elements in the Arctic Archipelago.

A further problem restricting the spatial resolution of arctic climate studies is the
large distances between the observing sites. The mean distance between stations
operated by the Atmospheric Environment Service of Canada (AES) is 600 kilometers
and the Queen Elizabeth Islands, the group of islands north of the Parry Channel (north
of 75° N latitude), are currently served by only four stations (Figure 3.1). Few AES
stations in the archipelago possess a continuous record back to 1950 (Figure 3.2). There
have been other stations in various locations in operation at different times since 1950,
but most have closed. These additional stations were also located in close proximity to
the coast, with the exception of Lake Hazen, on north Ellesmere Island (in operation

1957-1958 and summer, 1963), and Dewar Lakes, on central Baffin Island (in operation

1961-present).
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The AES network of weather stations is dense enough only to reveal large-scale
synoptic activity. Meso-scale patterns, caused by the topographic modification of the
radiation and/or wind regime, or the modification of temperature due to elevation or as

caused by major features such as ice fields, cannot be identified using these data.

In the CAA several research efforts have been conducted to increase the spatial
detait of surface air-temperature maps; these efforts involve various ways of augmenting
the existing AES network. Maxwell (1980) modified a plot of 1941-1970 July normal
temperatures generated from long-term station data using his own experience and
information from short-term, historical stations. Alt and Maxweil (1990) used non-
standard, short term weather observations from several sources, including research
camps supported by the Polar Continental Shelf Project and oil exploration camps, to
increase the spatial detail of temperature maps in the Queen Elizabeth Islands. In work
conducted on southern Baffin Island, Jacobs (1990) used automatic weather stations
(AWS), automated mapping techniques, and transfer functions to more objectively deal
with the problem of spatial gaps in data availability. These studies, combined with the
surface heterogeneity of the arctic archipelago, suggest that patterns at the meso-scale
should be regular features of the surface temperature climate in this region. It is also
apparent from these studies that data from AES stations alone can not be used to

explore this question.

The objective of this chapter is to utilize a database of non-standard temperature
observations to identify air temperature patterns in greater spatial detail than

those which can be identified using AES data alone.
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This was accomplished using the method of principal components, a technique regularly
used in climate research. Principal Components Analysis (PCA) identifies variance
common in time and space and extracts this information as new variables calied
components which, when plotted, summarize the major spatio-temporal patterns that
exist in the data. PCA was selected because it is able to capture the temporal aspect by
indicating the strength of relationships through time, something direct contouring or

interpolation onto a grid, two other common methods of spatial analysis in climatology,

can not do.

A secondary objective of this chapter was to show how the spatial and temporal resuits
produced by PCA were able to be linked directly to specific synoptic events. This study
also demonstrated the utility of the non-standard Polar Continental Shelf Project (PCSP)
data set, for climate studies in general and for assessing a model to predict surface air

temperature in particular (Chapter 4). Computer code used in this analysis is found in

Appendix B.

3.1.1 Principal components analysis: methodological review
Principal components analysis is a numerical method that replaces variables in a data

set with an equivalent number of components. Variance in the components is
redistributed such that a maximum amount of common variation is retained in each
successive component, and each component is linearly independent of the previous
one. The essential objective of a PCA is to account for, but not necessarily physically
explain, the largest amount of variance using the fewest number of components

(Legates, 1991). PCA is a member of a family of related methods known as
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eigenmodels; other members include common factor analysis and empirical orthogonal

functions.

PCA has been used in climatology and meteorology since the 1950s (Richman,
1981,1986). It has been used for various purposes, including the identification of
recurring structure (i.e., pattern classification) in pressure or other meteorological
parameters (e.g., Richman, 1981), the definition of coherent sub-regions in climatic
elements (e.g., Mallants and Feyen, 1990), and the reduction of numerous, linearly
dependent climatic elements into a few independent, synthetic variables. These
synthetic variables may be used as input into further analyses (e.g, Diaz and Fulbright,
1981) or may be used to define climatic zones (e.g., Malmgren and Winter, 1999).
Richman (1981) provides a lengthy review of applications of eigenmodel analysis in the

meteorological and climatological literature between 1980 and 1986.

The first consideration when using these methods is the selection of an
eigenmodel. Common factor analysis is rarely used in climate and meteorological
analyses (Richman, 1986) because it discards variance that is unique to individual
stations. It was of interest to retain this local-scale variance in this study; the choice was
therefore restricted to empirical orthogonal functions (EOF) and PCA. Disagreement in
the literature emerges at this point. Richman (1986) and Jolliffe (1986) frequently
consider theoretical aspects of the application of PCA and disagree on the exact
meaning of EOF: Jolliffe considers EOF another name for PCA, whereas Richman feels
EOF is another form of analysis. Principal components analysis was the eigenmodel

selected for this study. After selecting an eigenmodel, the form of input matrix, termed
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the dispersion matrix, must be determined. The two most frequently used matrix types
are covariance and correlation. In this study, the correlation matrix was used. An
important difference between the correlation matrix and the covariance matrix is the
sensitivity of the latter to differences in the magnitude of variance between variables
(Jackson, 1991, pp 64-66). In this study temperature is the only variable being
compared and thus all variances were of comparable magnitude. To verify this,

correlation and covariance dispersion matrices were both tried, with identical resulits.

Results consist of components, equal in number to the original number of
stations, that are composed of synthetic data time-series. The time-series for a
component are values, called ‘scores’, which indicate the relative influence of the
component through time. Another value, termed a ‘loading’, is generated for each station
for each component which indicates the correlation between the original station time-
series and the component time-series. Station loadings are mapped to produce a
loading pattern. The total variance explained by each component is given by the
eigenvalue. Eigenvalues can be used to determine how much of the overall variability a
component has accounted for. They are also used to determine how many components
to retain for subsequent analysis and interpretation. There have been several methods
proposed for determining the number of components retained, including both subjective
and objective techniques (e.g. Jolliffe, 1986). Only the first three components of any

analysis were examined in this study, regardiess of their explained variances.

Once a subset of components has been selected for retention a further option

exists: the components can be ‘rotated’ to enhance their interpretability. The issue of
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rotation was reviewed because it is often used in climatological research and was thus

considered for this study.

In a simplistic sense, because a PCA maximizes explained variance, the position
of the first component vector in a multi-dimensional space is that of a ‘mean’ vector
which may not represent any particular cluster of variables. Rotation attempts to
overcome this by shifting the axes of the component vectors so that they are better
aligned with clusters of correlated variables. There is disagreement in the literature on
the usefulness and necessity of rotation. Proponents of rotation, chief among them
Richman (1980, 1981, 1986, 1987, 1993), advocate the application of rotation in all
analyses (Richman, 1986). However, Jolliffe (1987, 1986) disagrees with Richman and
another PCA theoretician, Legates (1991), further criticizes both authors. An important
point about rotation is that the accuracy of rotated results depends upon the number of
components retained. An error in determining how many components are retained is

carried through into a subsequent rotation, possibly with detrimental effects.

The theoretical debate about rotation sparked by Richman, Jolliffe, and Legates
has continued unresolved (Legates, 1993; Richman, 1993: Legates, 1991). An
examination of several recent papers showed a continued lack of consensus. Leathers
and Luff (1997) employed an unrotated PCA without justification. Vega et al. (1998)
employed a rotated PCA using justification based on arguments found in White et al.
(1991), which are essentially those forwarded by Richman (1986, 1981, 1980).
Malmgren and Winter (1999) applied a rotated PCA, justifying their approach using two

books on the subject (Jackson, 1991; Jolliffe, 1986). At the present time the consensus
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in the meteorological and climatological community regarding the application of
eigenmodels appears to be to use whichever method provides an interpretéble resuit. A
comparison was made between rotated and unrotated results using the AES and PCSP
data. The rotated loading patterns- were found to be more difficult to interpret and
excessive variability was introduced into the time series plots, with no gain in amount of

variance explained. For these reasons rotation was not applied.

3.2 Method

3.2.1 Analyses
Three sets of principal components analyses were performed. The first set was

conducted to demonstrate how PCA can account for aspects of the spatial and temporal
components of temperature patterns, by showing how specific synoptic events can be
identified in the PCA results. The second set was performed on several multi-year time-
series of AES data to establish recurring large-scale temperature patterns. The third set
incorporated PCSP data to determine if additional spatial detail can be resolved in

temperature patterns using an increased station density.

The first principal components analysis was conducted on mean daily
temperature data from AES stations for June, July and August in each of two years,
1962 and 1964. These years were chosen because detailed synoptic analyses were
available against which PCA results could be compared, to assess the ability of the PCA

to identify synoptic-scale patterns and events (Alt, 1987).
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The second PCA was conducted on mean July daily temperature data from AES
stations. Four separate analyses were performed in order to maximize the number of
stations available in each analysis, because the number of AES stations varies over time

(Figure 3.2). The periods analyzed are listed in Table 3.1.

Table 3.1: Time periods covered in principal components analyses of AES data.

Analysis number | Years covered # stations
1 1951 — 1974 8
2 1957 — 1977 11
3 1969 - 1985 11
4 1977 - 1988 12

A third analysis was conducted on mean July daily temperature data from both
AES and PCSP stations. The PCSP data are reviewed in Chapter 2. Analyses were
conducted on all years in the period 1974—-1992 which represents the full extent of PCSP
data availability. Five years (1975, 1983, 1984, 1991, 1992) were selected for direct
comparison with single-year AES analyses; years with at least eight PCSP stations were

selected to provide a clear indication of the additional detail resolved with the extra

stations.

All stations were considered for inclusion, however because missing values were
not estimated, station inclusion was restricted to those possessing a full set of data for
the period being studied. In the case of the multi-year AES analyses, data missing from
any station results in a missing observation from the analysis. Before performing the
PCA in the second and third sets of analyses, data series had the mean time-series
subtracted because it was found that, without this step, large explained variance values
were obtained on the first component. For example, on a PCA conducted on a 5-month

period (May-September) and a 12-month period (January-December) the first
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component explained 87% and 93% of the total variance, respectively (Figure 3.3). In
these cases the first component was picking up on the dominance of the seasonal cycle.
This is a usual resuit for PCA performed on temperature time series. The subtraction of
the mean time-series from all individual time series, i.e., on a site-by-site basis, was
therefore deemed necessary to incre;se the sensitivity of the PCA to smaller-scﬁle
pattems. The first set of PCA did not have the mean subtracted because they were
being compared directly to results obtained from observational data, that is, the synoptic

analyses for 1962 and 1964, which had not had the series mean subtracted.

The resuits of a PCA consist of ‘variance explained', ‘component loadings’ and
‘component scores’. Variance explained by a component is expressed as a percentage
and indicates how much of all the variability in all the time series the component was
able to account for. The more spatially coherent a pattem is.'the more variance a
component that is accounting for that patten will explain. A component loading
measures the correlation between the original station data time series and the
component score time series. A loading of 1.00 indicates identical curve pattems, -1 ;00,
opposite curve pattems, and 0, no discemible linear relationship. Component loading
values were mapped and referred to without the decimal point for ease of reading. A

component score measures the relative dominance of that component through time.

PCA output consisted of maps of component loadings and time series plots of
component scores, one set for each of the first three components. Issues of how many
components to retain were not dealt with in this study — three were always retained,

regardless of the amount of variance they explained. Contouring of loading values was
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performed using a distance-weighting interpolation scheme. In general, analysis was
restricted to the first component because meso-scale pattems were typically found there.

Other components identified local-scale patterns beyond the scope of this discussion.

3.3 Results

33.1 Comparing PCA and traditional synoptic analyses
Synoptic analysis: summer 1962

Alt (1987) analyzed the synoptic situation for June, July and August of 1962 and
identified the main synoptic events. All descriptions of synoptic events for this summer
are taken from this study. In general, the summer was dominated by a large ridge of high
pressure centered over the western archipelago from the beginning of June until the
middle of August. The ridge brought clear skies and a southerly flow to the entire
archipelago. During two periods the influence of this ridge was diminished by surface low
pressure systems, both of about one week in duration. Alt (1987) indicates that this
summer was markedly different from other years in the existing record. Typically, a
semi-permanent upper-level polar vortex is in place at the 50 kPa level in the vicinity of
the archipelago, bringing cool flows and frequent incursions by small, surface low-
pressure systems. in 1962, however, the vortex was positioned on the Siberian side,

allowing a series of ridges to develop over the archipelago.

All stations (except Sachs Harbour, Fig. 3.4j) showed rising temperatures from
early June to the third week in July (Fig. 3.4a-l). After this there was a ten-day period

during which many stations recorded lower temperatures when a surface low-pressure
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system was established. The ridge and warm temperatures were re-established during
the first two weeks in August, after which the upper-level vortex moved back over the

archipelago and summer ended.

The influence of these synoptic events on the regional temperature patterns may
be observed in the PCA. Note that the removal of the regional mean time-series was not
performed for these PCA because the original synoptic analyses had been conducted
using unmodified data. The first component accounted for 60 percent of the variance
(Fig. 3.5h). This large value indicated the seasonal cycle affecting all stations over the
entire region during the period of observation. All stations had positive loadings on the
first component with values greater than 60, with the exception of Clyde, with a value of
43 (Fig. 3.5a). The component scores for component one (Fig. 3.5b) traced the
establishment of the ridge during the first week of June and the associated increase in

temperature at stations throughout the region (Fig. 3.4a-l).

The incursion of a surface low-pressure system into the Baffin Bay area from
June 8 to 22 was evident in the time series plot of the first component as a halt in the
temperature increase. In the plot of the second component a negative bulge occurred
during this period, corresponding to the life of the low (Fig. 3.5d). The eastern source of
the low was evident in the component ioadings (Fig. 3.5c). A large, positive loading on a
negative score indicates a decrease in temperature coincident with the period of activity
associated with the low, for example, Clyde (Fig. 3.5f) and Hall Beach (Fig. 3.4d). A

large negative loading on a negative score indicates an increase in temperature, such as
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observed at Isachsen (Fig. 3.4g) and Mould Bay (Fig. 3.4e). These results were

consistent with a northeasterly flow brought on by a low located to the east.

The time-series for component one shows that warming was re-established in
early July. Component two identified regional differences in the response to the ridge;
stations in the west record temperature increases before they affect the east, however

Clyde and Hall Beach felt the effects of the Baffin Bay low until July 13.

During this period, from July 3-7, a strong but localized surface low-pressure
system brought lower temperatures and precipitation to Sachs Harbour (Fig. 3.4j) and
higher temperatures to Alert (Fig. 3.4b). This event was not large enough to be recorded
in the first or second components but did appear in the third component. The component
scores (Fig. 3.5f) showed a strong peak in the first week of July, with Alert and Clyde

positively correlated with the peak, and Sachs Harbour negatively correlated (Fig. 3.5e).

A rapid decrease in the scores for component one then occurred in the third
week in July. The cause of the decrease was a low-pressure system in the Beaufort Sea
that moved towards the islands and became linked by a trough to another low-pressure
system in Hudson Bay, accompanied by a well-developed frontal system that tracked
around the trough (Alt, 1987). Scores for component two peaked during this period,
which indicated the northwest-southeast trend in the system's effects, apparent in the
loading pattern (Fig. 3.5¢,d). As the Beaufort Sea low moved in from the southwest, the
westemn stations showed a decrease in temperature while the eastern stations showed

no change or an increase. Component two rapidly reversed sign at the end of July (Fig
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3.5d), indicating the effects of the warm sector on the westemn stations (Fig 3.4 e,g,j).
The event of late July was also evident in the third component score, which showed a
strong peak in the component score time series (Fig. 3.5f). This was driven largely by
the strong decrease in temperature at Sachs Harbour (Fig 3.4j) and a large increase in

temperature at Alert (Fig. 3.4b).

The strengthening of the ridge in early August caused a last period of warming
across the region. The polar vortex retumed by the second week in August, bringing
northwesterly flow. These events were reflected in the scores for components one and
two. Component one scores reflected the regional decrease in temperature (Fig. 3.5b).
Component two scores (Fig. 3.5d) increased into the middle part of August, indicating a
cool northwesterly flow that caused temperatures to decrease at stations in the
northwest (Alert, Eureka, Mould Bay, Isachsen, Sachs Harbour - Fig. 3.4 b,c.e,g.j).

These decreases were reflected as negative loadings on these stations (Fig. 3.5¢).

Component one scores (Fig. 3.5b) increased as region-wide control of
temperature strengthened, such as when a large ridge dominated the entire archipelago,
and thus recorded events that affected the entire archipelago. They decreased when
spatial heterogeneity increases, which occurs when smaller-scale climate processes
dominate the temperature signal, such as traverses of low-pressure systems.
Component two reflected events that affect smaller regions for shorter periods of time,
e.g.. northwesterly flow or a large low-pressure system. This component tended to

become more significant whenever a low passed through.
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Climatologically, different parts of the archipelago respond differently to a low-
pressure or frontal system for two. reasons. First, a system does not cover the entire
region at once, but proceeds across the region over some period of time: because of this
the timing of its effects differ. Second, the distance and position of a station with respect
to the location of the system will determine how the station is affected. A station
exposed to onshore flow will be moist and cool, whereas a station exposed to air
descending from a mountainous area or moving over a large land area will observe a
temperature increase. Component three recorded localized events or local
accentuations of larger scale events. In general, the third component seemed sensitive
to local responses of stations situated far from the central region and which were
bordering other synoptic zones: the Beaufort Sea and Mackenzie region to the
west/southwest, affecting Sachs Harbour; Baffin Bay to the east, affecting Clyde; and the
polar marine environment of northeast Ellesmere Island, affecting Alert. It is possible that
the relatively small amount of variance explained by the third component (Fig. 3.5h)
indicated noise, however reasons have been presented here to support notion that it

accounted for unique aspects of the temperature time-series of a few stations.

Synoptic analysis: summer 1964
Alt (1987) analysed the synoptic situation for the summer of 1964, identifying the main

synoptic events. Unlike 1862, summer temperatures were 1° to 3° C below normal and
all stations in the QEI received above normal snowfall. Beginning in mid-June a
succession of low pressure systems at the 50 kPa level moved into the region resulting

in a persistent northwest flow as well as numerous incursions by surface-based ‘cold-
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core’ low pressure systems. Passage of these systems through the region continued

until a strong ridge moved into the area in mid-August.

The PCA recorded specific features of the description found in Alt (1987). An
early increase in temperature was halted by June 12 (Fig. 3.7b) as a 50 kPa low, with an
associated surface low, positioned itself over the islands. The 50 kPa low moved to the
southwest by the end of June. This gave a southerly flow to northem stations (Alert,
Eureka) between June 28 and July 4, which responded with temperature increases (Fig.
3.6b,c), whereas stations in the south received northwesterly flow and did not observe
an increase (Sachs Harbour, Cambridge Bay). This was recorded as a peak in the

second component score (Figs. 3.7¢,d).

Between July 13 and 18, two 50 kPa lows moved through the region, resulting in
cooler temperatures at most stations (Fig 3.6 a,e-1 ). This was recorded as a decrease
in the first component score (Fig 3.7b). After that was a brief period of warming around
July 20 as a ridge briefly developed (Fig 3.6 a,d,f,h~ ); this was seen as the peak in
component one scores (Fig. 3.7b). After this the region was dominated by a succession
of transient low-pressure systems until mid-August, when a strong ridge established

itself in the area, bringing warming to all stations except Alert (Fig 3.6 a, c-I; Fig. 3.7b).

The preceding discussion shows that PCA results can be explained in terms of
the synoptic processes which control daily temperature and precipitation. Even relatively
small-scale and short-term events were recorded in the first three PCA scores. This

suggests that PCA can be used to summarize the pattern of summer temperature.
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3.3.2 July PCA analyses — AES data only
PCA were conducted on July mean daily data from AES stations for the month of July

over the period 1954 — 1993 (Table 3.1 — Section 3.2.1). Four separate overlapping
analyses were performed because the stations had records of varying length. Only the
results common to all analyses will be discussed here. It must be borne in mind
throughout the discussion that the interpretation of PCA results is fundamentally a
subjective exercise, and that the components do not come with any sort intrinsic
indication of their physical basis. At each station the period mean was subtracted from

each datum before the PCA was performed; this removed the seasonal trend.

The most prevalent pattern on the component one loadings map was one
described as ‘northwest lobe’. This pattern appeared in each analysis (Figs. 3.8 — 3.11 ).
Its defining aspect was a zero-line (the line separating the zone of positive loading from
the zone of negative loading) that possessed a bulge which penetrated down into the
islands from the northwest. Specifically, it runs from north Ellesmere Island towards the
southeast, curving beyond and to the east of the archipelago then cutting across
northwest Baffin Island as it moves across the lower-central region of the archipelago to

the west/southwest, exiting the region to the west/southwest.

On the first component the stations in the central, west and northwest region
formed a persistent group that included, when present, Eureka, Isachsen, Mould Bay,
Resolute Bay, Rea Point, and Sachs Harbour. These stations possessed loadings
ranging from 46 to 80. A second grouping of stations existed in the south and southeast

that included, when present, Cambridge Bay, Shepherd Bay, Pelly Bay and Hall Beach.
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These stations possessed loadings that were always opposite in sign to the northwest
group, and which ranged from 37 to 78. In each analysis Alert, in the north, and Pond
Iniet and Nanisisvik, in the east (present in one analysis - Fig. 3.11 ), were not associated
with the first component. In physical terms this pattem was recording the persistent
northwest flow off the Arctic Ocean. It penetrates southeast into the archipelago over the
lowland area of the central islands, often reaching Resolute Bay, but in the north is
blocked by topography. Other regional temperature analyses available in the literature
have identified this feature (Alt and Maxwell 1990, Maxwell 1980, Bryson and Hare
1974). This component was important in several years (e.g. 1958, Fig. 3.8; 1968, Fig.
3.9).

Component two loadings maps (Figs. 3.8, 3.9, 3.10) were similar and exhibited a
southwest/northeast gradient. In Figure 3.11 this pattern appeared in the third
component. This pattem represented the fact that the temperature regimes that exist on
the maritime north and east coastal zones of tﬁe ?:AA and in central Ellesmere Island,
where Alert, Clyde, and Eureka were highly loaded, were often different from those
which were noted on the western coastal zone and southem part of the CAA, where
Sachs Harbour and Cambridge Bay loaded with moderate to high values and opposite
sign. This component frequently showed a decreasing trend through the month of July
(e.9. 1960 and 1967, Fig. 3.8; 1970, Fig. 3.9).

The third component in Figures 3.8, 3.9 and 3.10, and the second component in
Figure 3.11, exhibited a buliseye pattern with large loading values in the central and
southem part of the arctic islands. This represented the continental influence of the
mainland fand mass to the south of the CAA. Stations that loaded most consistently on

this score were in the south and central regions of the CAA, and included Shepherd Bay,
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Pelly Bay, and Resolute Bay. This component was not very important in the 1960’s

(Fig.3.8).

3.3.3 July PCA - AES and PCSP data
Due to the fact most PCSP stations were only at a given site for one season, analyses

were performed on a year-by-year basis, i.e., as opposed to incorporating all years in
one analysis, which is the usual method of application. The number and location of
stations has varied over the years; this determined, in part, the spatial variability
observed in the component loadings. Two sets of analyses were performed for each of
five selected years. These years were selected because as a set they displayed a range
of possible PCA results ar'ld they had some of the largest number of stations available.
The first figure in each pair shows results of a PCA performed using only AES data
(referred to as ‘AES analyses’), while the second figure shows the resuits for a PCA
performed on both AES and PCSP data (referred to as ‘combined analyses’). For this
section the assessment of PCA resuits was not be taken beyond a 'descriptive’ analysis,
~ i.e., specific physical mechanisms for each component were not deduced. Rather, the

assessment was confined to comparing the resuits to those obtained from the PCA on

the AES data alone.

When PCSP stations were added to AES stations for the analysis of 1975, the
first and second components were switched. The results for the AES analysis show that
the variance explained by components one and two was almost equivalent (component
1 = 26%, component 2 = 23%). The addition of PCSP data provided enough extra
information to better identify the dominant pattern of July temperature for that year. The

north bulge of the zero line in the loadings of component two (AES analysis ~ Fig. 3.12),
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just north of Melville Island, was better specified in component one of the combined
analysis (Fig. 3.13). In component two of the combined analysis Bathurst Island was
seen to be more closely related to the eastern islands than to the western ones or to
neighbouring Melville Island. The NW/SW pattern of component one of the AES analysis
was not as apparent in component two of the combined analysis, due in part to the
variance removed in the first component. The third component of the analysis of AES
analysis showed three days when Resolute Bay and Arctic Bay were correlated, and

showed that nearby stations were not necessarily related to these two.

In the 1983 analysis the PCSP stations served to emphasize the pattern
established by the AES analysis (Figs. 3.14, 3.15), more so than in the 1975
comparison. Note that the signs of the component two scores and loadings switched
between Fig. 3.14 and 3.15, again indicative of the extra information brought in by the
PCSP data. Here AES stations correlated with nearby PCSP stations and the additional
information in the combined analysis served to better locate the isolines. Note the deep
penetration of the northwest flow during several days in early July (5™ - 8") and again in

mid July (14" - 26™) with both periods followed by warming in the central islands.

In the 1984 analysis the addition of PCSP stations again emphasize the pattern
exhibited in the AES analysis (Figs. 3.16, 3.17). For example, the high positive loadings
on the second component of both analyses were centered on Resolute Bay, however

the combined analysis showed that this extended to Bathurst, Devon and Somerset

Islands.
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In the 1990 analysis the PCSP stations formed a group of such coherence on
Ellesmere Island that the variance explained by the first component exceeded that for
the AES analysis, although the total for all three components was still lower (Figs. 3.18,
3.19). The pattern in the first component of both analyses was similar; the second
components are only generally similar but both emphasize the similarities of the eastern
arctic stations. The third component was dominated by an incursion of warm air on the

18" of July that was centered over northern Baffin Island.

The analysis of July 1991 temperatures again revealed the northwest/southeast
difference in the arctic (Figs. 3.20, 3.21). Component two in both analyses illustrated a
cooling period in the northwest in the early part of July, followed by a warming. The third

component of the combined analysis illustrated that the central ridge, seen in the AES

stations, was not exhibited at all stations.

3.4 Discussion

The first component identified the largest features of the regional temperature trend.
There need not be a single physical agent responsible for each component. For
example, although the first component usually represents regional-scale flow patterns, it
reflects whatever climate processes that possessed a magnitude sufficient to affect a

large area, such as large and/or persistent synoptic events or wide-spread heating.

Two main results were observed when PCSP data were incorporated. First,
existing patterns observed initially in the AES analyses were emphasized. The level of

detail was increased but the essential nature of the patterns remained discernible.
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Second, areas of spatial coherence smaller than and in addition to those observed in the

AES analyses were identified. These zones suggested the presence of meso-scale

processes.

This analysis has demonstrated that PCSP data may be utilized to identify
climatic activity at scales smaller than those identifiable using AES data alone. It has
also shown that the PCSP data set may be used with confidence. Problems with the
data would have appeared, if systematic, as a disruption to existing trends identified by
the AES data. These problems were not evident. Instead, the use of PCSP data has
provided support to the notion that persistent regional trends can be identified, as shown
by the fact that the PCSP data were largely consistent with the patterns established by .
the AES analyses. Use of PCSP data also indicated the presence of smaller areas of
spatial coherence in which meso-scale processes influence the climatic signal. An
increase in spatial detail is expected if station density is increased, but only if there are

smaller-scale climatic features present to be resolved.

The large-scale patterns observed in the AES analyses were similar to those
observed in plots of isotherm normals produced using the same data (Figure 2.10,
Chapter 2). This demonstrated the fact that PCA can be used to synthesize and
summarize data sets to objectively arrive at conclusions similar to those obtained using
other analytical techniques. Another point demonstrated by this analysis is that the
spatial density of the input data set determines the scale of climate patterns, and thus

the scale of the climate processes, that are discernible.
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Chapter 4-

A MODEL TO ESTIMATE SURFACE AIR TEMPERATURES IN THE

CANADIAN ARCTIC ARCHIPELAGO

4.1 Introduction

A common way to map surface air temperature consists of interpolating a continuous
surface between weather observing stations possessing long-term data records
(‘primary’ stations). In the Canadian Arctic Archipelago (CAA) this portrayal of surface
temperature is problematic for several reasons: topographic complexity; all observing
stations of the Atmospheric Environment Service of Canada (AES) are located on the
coast; and the distances between these stations are large. The mean distance between
stations is 600 kilometers and the Queen Elizabeth Islands, the group of islands north of

the Parry Channel, is served by only four stations (Figure 4.1).
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Various authors have commented on the problems posed by using a sparse,
location-biased network for the detailed portrayal of surface temperature (Maxwell, 1980:
Jacobs, 1950; Barry, 1995). Efforts to increase the accuracy and spatial resolution of
surface temperature plots in the archipelago have been undertaken and have inciuded
various approaches. Maxwell (1980) utilized information from historical short-term
stations and his own experience to subjectively modify isotherms to depict the fact that
the ice field/upland regions are usually cooler than the coastal margins. Alt and Maxwell
(1990) employed non-standard, short-term weather observation data from several, more
recent sources, including research camps supported by the Polar Continental Shelf
Project and oil exploration camps, to increase spatial detail of the 30-year July normal
temperature plot for the Queen Elizabeth Islands. Jacobs (1990) utilized a more
objective approach to address the problem of lack of data in southemn Baffin Island. He
installed two automatic weather stations (AWS) in the interior and then mapped the
result objectively. He further demonstrated how an AWS could be linked to AES weather
stations using transfer functions which, after the AWS is removed, allow for the
generation of data at a ‘virtual' station. In this manner data could be generated for the
virtual site as long as the AES site(s) it is linked to remain in operation. This assumes

the transfer function remains constant through time.

In the cases presented above the goal was to increase detail by using short-term
stations, including automatic weather stations, to provide information from locations
within the large spatial gaps between the primary stations. By incorporating short-term
observing stations station density is effectively increased, however some interpretation is

required to incorporate the short-term data. This is a labour-intensive process requiring
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experienced analysts. Jacob’s approach of transfer functions works only where stations
are available for comparison with AES stations and its accuracy decreases with distance
from the predictor (i.e. AES) station(s) and with physiographic complexity of the terrain. It
is also limited to the time period for which it was constructed, for example, a transfer

function derived using summer conditions would be poorly suited for use in the winter.

Another approach that may be used to improve detail in temperature plots is to
generate temperature estimates by modeling processes that govern temperature. There
are two main approaches to climate modeling: theoretical and process-based.
Theoretical models reproduce the atmospheric system using mathematical
representations of physical laws that govem it (e.g. general circulation models). A
process-based model utilizes a semi-empirical approach that combines existing data
from a few primary stations with the known effects of physical laws, that is, the
processes at work in the atmosphere, to render for remote locations temperature
estimates that are related to a primary station. Estimates made using existing data are
guided by the application of the processes for selected time periods. For example, if an
on-shore flow is known to be affecting a given location, then an advective process is

applied to refine the temperature estimates.

The development of a process-based model to estimate temperature requires
identifying those processes which control temperature at a scale appropriate to the
model. This involves consideration of what climatic elements are available at the primary

stations and how the required processes may best be captured using the available data.
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The issue at hand is thus whictl processes should be modeled. Given that the
general objective was to increase detail in temperature plots of the CAA, processes
which control temperature at the meso-scale, and their manifestation in terms of modei
operation, were considered. Site elevation and proximity to a coast are two examples.
Although these are physical aspects of a location, and not ‘processes’, knowing the
elevation and distance from a coast for a site provides a way to parameterize the effects

of processes that are of interest, and to thus include them in the model.

The link between the physical aspects of a location, used as model
parameterizations, and the processes they represent is outlined below. A broad feature
of the troposphere is a general decrease of temperature with height. This is the net
result of two processes: 1) the atmosphere is heated from below, via radiation from the
surface, and 2) temperature and pressure are directly proportional (gas law) which
means that, when the mass distribution of the atmosphere is considered (highest
pressure at the surface decreasing continually upwards), temperature must decrease
with elevation. For these reasons there is a link between elevation and temperature.
Another important process that can modify the vertical temperature structure of the
atmosphere is advection. This is especially true when two different surface types, such
as ocean and land, are in close proximity. This juxtaposition, combined with favorable
wind conditions (e.g., on-shore), causes the characteristics of one surface to be imposed
on another with an intensity that decreases steadily from the point of contact. For this

reason there is a link between site proximity to the coast and temperature.
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The primary goal of this chapter, therefore, was to examine the following
assumption: The elevation and proximity to the ocean of a given land location can
be used to represent meso-scale processes acting to modify summer air

temperature determined by synoptic-scale factors.

A model was constructed to explore this assumption. Estimates of temperature
were obtained from vertical temperature profiles, as determined by the environmental
lapse rate, and by a digital terrain model. The latter provided the spatial context for the
model, including point topology, for use in resolving wind/advective processes. Model
estimates were compared at specific locations with observations taken at short-term,
non-standard weather stations and residuals calculated. Accuracy was assessed using

plots of the residuals to identify areas showing consistent deviation.

The following sections describe the model operation, the upper air data used to
drive the model, model results, and assessment. The closing section considers future

work required to improve the accuracy of the model. Model code is found in Appendix C.

4.2 Model Description and Operation

The surface air temperature model is a process-based model implemented at a
resolution of one kilometer by one kilometer. The mechanisms by which physical

processes were accommodated in this mode! include:

¢ Use of an environmental lapse rate from the time period being modeled to
define the rate of temperature change with elevation. Specific lapse rates
were measured by rawinsonde ascents at weather stations situated in the
study region.
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e Use of an average, low-level wind direction and velocity, supplied by
rawinsonde ascents, to determine the extent to which coastal zones were
modified by onshore breezes.

o Stipulation of surface temperatures for major icefields using a linear
modification of the base temperature estimate.

The basis of the model was a digital elevation model (DEM) of the arctic
archipelago, organized as a matrix of 1996 columns by 1833 rows, subset from the
United States Geological Survey GTOPO 30 arc-second DEM of the world. Hereafter
any matrix of similar dimension will be referred to as an image, irrespective of what type
of values its grid celis contain; all images used in the model were matrices that
possessed these dimensions, with the exception of the wind filters. Each point (pixel) in
an image was about 1 square kilometer; each pixel possessed a single datum that
varied according to the image. For example, in the case of the DEM, each pixel
possessed a single elevation datum. At each pixel an initial estimate of surface
temperature was generated directly from the vertical temperature profile. For pixels
containing an icefield a modified temperature value was applied. The resuitant winds
were then determined from the rawinsonde ascents and a series of filters were applied
to the initial temperature estimate to implement the effects of wind. These steps are
described in detail below. Within the discussion references such as “images were added
together” refer to processes carried out on corresponding pixels in each of the image

matrices involved in the operation.

Limited use of a digital elevaton model as a basis for modeling climatic

parameters has been made. The most significant contribution in this field to date has
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been the extensive work led by Daly (Daly et al. 1994, Daly et al. 1997, Daly and
Johston 1998, Johnson et al., 2000). He has constructed a complex topoclimatic model,
called "Parameter-elevation Regression on Independent Slopes Model" (PRISM), that
parameterizes processes to generate estimates of several climatic variables at 4 km
resolution. His PRISM model was recently selected to produce all the maps for the new
Climate Atlas of the United States. The PRISM model! differs from that described here in
two respects: PRISM does not use upper-air data to aid the interpolation process, and
PRISM is dependent on observational data from surface stations to help generate and
refine base estimates. Wilmott (1995) used a DEM driven by a standard lapse rate in
conjunction with a high-resolution climate network to generate high spatial resolution
estimates of mean annual air temperatures for the United States. Santibanez et al.
(1997) report on a study in which surface observations at a reference station were
combined with a DEM and satellite radiative data to forecast minimum temperatures at
high spatial resolution. Goodale et al. (1998) mapped, onto a DEM, polynomial surfaces
generated using the normals of various climatic parameters. These high resolution
normals surfaces were then used as climatic input into ecosystem carbon and water
cycling models. Dodson and Marks (1997) modeled the lapse rate and apply it to a DEM
in order to accommodate the effect of elevation on temperature. This was applied in a

study to produce a high resolution plot of temperature in a mountainous region.

4.2.1 Initial estimate of surface air temperature
Initial surface air temperature values were estimated using an environmental lapse rate

averaged over time and space for the period under consideration. Elevation data from
the DEM were used to generate estimates on a pixel by pixel basis. The procedure is

outlined below.
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Vertical profiles of dry-bulb temperature were obtained from twice-daily
radiosonde ascents for the period under consideration. Each individual ascent was fitted
with a 5™ order polynomial. The six coefficients that describe each polynomial curve
were averaged to produce a mean curve of temperature with elevation for the period for
the station. From each ascent, data up to 5000m were extracted to ensure the resuiting
curve extend well beyond the maximum elevation in the region (2620m — Barbeau Peak,

Ellesmere Island). This procedure was repeated for each upper air station used in the
study (Table 4.1).

Table 4.1: Upper air stations used to generate regional estimates of environmental lapse

rate. All stations operated by the Atmospheric Environment Service
Canada unless located in Alaska.

Station Lat (N) Long (W)
Alert 82° 20’ 62° 30’
Eureka 80° 00 85° 56'
Mould Bay 76° 14 119° 20°
Resolute Bay 74° 43' 94° 59’
Iqaluit (Frobisher Bay) 63° 45 68° 33'
Hall Beach 68° 47 81° 15’
Cambridge Bay 69° 07" 105° 01
Barter Island (Alaska) 71° 18 156° 47
Barrow Point (Alaska) 70° 05° 143° 36’

A curve was fitted to the data to simplify calculation of a mean ascent profile,
especially given the fact that the sampling interval differed between ascents, which
would have made the calculation of a mean ascent curve difficuit. Use of an equation to
represent the mean ascent also simplified the subsequent estimation of temperature
values using elevation data. A fifth-order polynomial was used because many of the
ascent profiles showed a surface inversion to be present, and a high order polynomial
can capture this feature while aiso following closely the rest of the ascent profile. In

addition, because these ascent curves were used as the basis for estimates derived
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across the study region, it was important that erroneous upper air temperature
observations be filtered out. The process of fitting a curve to the ascents accomplished

this. Examples of curve fits are presented in Figure 4.2a,b.

Many of the stations listed in Table 4.1 often exhibited surface-based inversions.
Although they were found to be smaller in magnitude than those found in the winter
(Bradley et al., 1992; Maxwell, 1980), it was deemed necessary to remove the inversion
signal for the theoretical reasons outlined below. A breakdown of inversion frequency by
station and height is presented in Table 4.2; mean ascent curves for the period of the

model runs (Table 4.4) were considered for this table.

A surface inversion can be caused either by negative surface radiation balance
or by the advection of warmer air aloft/cooler air below. In winter a strong surface
inversion is present at most locations, caused by the large negative surface radiation
balances experienced during the arctic night (Bradley et al., 1992; Jackson, 1959). In
summer, however, the net surface radiation balance is positive, meaning that the
inversion is unlikely to be radiation-based. Since the cause of the summer inversion
cannot be radiation based it is likely due to advection. The source of cool air at low
levels is probably the ocean and sea-ice filled channels, because in summer iand
surfaces are more likely to possess positive balances and are therefore more likely to be
warmer than the atmosphere above. Therefore, it is assumed that a summer surface
inversion at a coastal location is a local-scale effect of limited extent caused by proximity

to a large body of water often covered with sea-ice. This effect must be removed if the
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temperature ascent curve is to be representative of inland regions that are presumably

free of this influence.

Table 4.2: Frequency of inversions observed in mean ascent curves for the periods of
model runs. Value class is height of the inversion maximum in meters
above the ground. GT refers to “greater than 700 meters” (observed only at

the Alaska stations).

Upper air station No inversion; <100 | <200 | <300 | <400 | <500 | <600 | <700 | GT
Alert 10 2 - 2 2 - - 1 -
Barrow Point (Alaska) 4 - - - 1 5 1 2 4
Barter Island (Alaska) 2 1 - - 2 2 2 3 5
Cambridge Bay 14 - 3 - - - - - -
Eureka 4 3 5 5 - - - - -
Iqaluit (Frobisher Bay) 9 1 4 2 - 1 - - -
Hall Beach 6 3 2 2 2 2 - - -
Mould Bay 14 1 1 - - - - 1 -
Resolute Bay 8 2 1 3 1 1 - 1 -
Totals 71 13 16 14 8 1 3 8 9 | 153

Removal of the inversion involived first detecting the inflection point on the curve
where it begins sloping into the inversion component. This was done using a global-
maximum detection algorithm driven by a Newton-Raphson root solving methodology
(McCracken and Dorn, 1964). Next, data were generated from this point down to the
surface using the rate of change that existed in the curve above the inversion. The new

data series then had an equation fit to it to re-establish the set of polynomial coefficients

(Figure 4.2a).

The manner in which the inversion was removed was determined by observing
the difference between mean surface temperatures from a coastal location and an inland
location. Several such comparisons were performed using PCSP camps located near,
but inland of, three of the AES upper air stations used in the model (Alert, Eureka and

Resolute Bay). The PCSP stations were situated far enough inland that their
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temperature records were assumed to be unaffected by coastal proximity (>20 km). The
temperature value at the inland site was thus considered to be the surface temperature a
lapse rate would possess if not affected by the inversion. To check this assumption the
inland station temperature was plotted on the mean ascent curve. In all cases examined
the inland station temperature was found to lie at a point that represented a direct
extension of the upper air profile from a point located above the inversion. Based on this,
use of a direct extension of the ascent curve to the ground level was adopted as the

coastal effect correction. The nature of the correction is detailed in Figure 4.2a.

Once a final ascent curve was available for each station, the next step was to
interpolate the polynomial coefficients from each station such that a set of polynomial
coefficients was available at every pixel. Each coefficient was interpolated individually,
one image per coefficient. Interpolation onto the grid was performed using an inverse
distance weight procedure with distance decay set to a factor of 2; this was selected to
- provide a balance between local weighting and range of influence. The paucity of
observing sites and a lack of spatial structure (e.g., no clustering) did not warrant use of

more specialized interpolation techniques (e.g. McCullagh, 1981; Shepard, 1965).

Temperature values were obtained by solving the equation on a pixel-by-pixel
basis using elevation data as the independent (x) value. This produced six images of
intermediate resuits, one for each coefficient. These images were added together to give
a region-wide estimate of surface temperature that reflected the environmental lapse

rate without any advective madification. A schematic representation of this process is

presented in Figure 4.3.
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At this point temperatures for ice fields were estimated. Havens et al. (1965)
demonstrated an average ‘ice field cooling’ factor of about 3° C using data from two
meteorology stations, one on top of an ice field and the other near the ice field on a non-
ice surface. This cooling factor was adopted for use and applied in the model in the
following way. A binary image of ice field locations, in which pixels possessing an ice
field were assigned 1 and all other pixels were assigned 0, determined where the cooling
factor was applied. At these locations the pixel was assigned a new value that consisted

of the initial temperature estimate minus the cooling factor.

4.2.2 Coastal advection
In the presence of a steady on-shore flow, coastal regions can experience an advective

modification of temperature (Malone, 1960). The magnitude of a resultant change in
temperature is dependent on the temperature difference between the surface of the
ocean and the land surface. Inland penetration is dependent on the strength of the

prevailing on-shore flow and the distribution of high ground.

In the model, the influence of winds was accommodated by first preparing a
resultant wind value for each pixel. In summary, this involved extracting wind data from a
specified level (30 kPa) in the upper air ascents, interpolating these data across the
region, grouping the interpolated data by direction and velocity, and determining the
magnitude and location of maximum possible coastal proximity modification. This was
expressed as a value, in the form of a percentage, that indicated the degree to which the
temperature of the ocean and the land temperature at the pixel under consideration

should be mixed. Note that topography was not explicitly considered, although the
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potential impact of wind was reduced in areas of low ocean fetch, such as a fiord. The
‘wind-effect’ image was then combined with the previously created temperature surface.
The resultant image was a temperature surface on which the effects of advection of

ocean-influenced temperature has been incorporated. The procedure is outlined in detail

below.

First, wind direction and velocity data from the 90kPa level was extracted from
upper air ascents. For each ascent at each station the resultant wind vector was
obtained and the u and v (N/S; E/W) components resolved. A mean for the time period
was obtained by averaging the u and v components individually; these results were then
interpolated separately. The interpolation method used was identical to that used to
interpolate the polynomial coefficients. The 90kPa level was selected to represent a
balance between steady upper level flow and surface perturbations. This level was high
enough (~900m) to avoid most topography and to possess the steady characteristics of

winds at higher levels, yet low enough to represent reasonably the direction and velocity

of winds felt at the surface.

After interpolation a resultant wind vector was reconstructed at each pixel.

Based on these values the image was classified into the categories listed in Table 4.3.

Table 4.3: Wind direction and velocity classification categories.

Direction (° true N) | Class | Velocity (km/hr) | Class
336 -45 North 0 Calm
46 - 135 East 1-13 Low
136 — 225 South 14 - 26 Medium
226 — 335 West 27 + High
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Four direction classes were used because it was felt that more classes would
represent an unrealistic level of detail given the extent to which the input wind data are
generalized in time and space. The velocity classes were established based on
examination of the wind regimes at several PCSP stations: the selected classes roughly
represent the breakdown of wind velocities that were observed. Note that when the wind
was zero there was no modification of the coastal environment. Thus 13 categories

exist: calm, low speed from the north, low speed from the west, and so on.

An observation made while examining the wind regimes at the PCSP stations
was that, when wind velocities exceeded 40 km/hr, cool temperatures were observed
irrespective of wind direction, even if the wind was biowing from a warm inland region.
Although this may be expected during the passage of surface low-pressure systems and
associated cold front or cold sector, these conditions were also observed on occasions
when total cloud cover was low. This leads to the speculation that strong turbulent
mixing events, during which air at the surface is rapidly exchanged with air hundreds of
meters above the surface, were being observed (Stull, 1988; Malone, 1960). The net
result of such events was cool temperatures at the surface. Although of general interest,
such events were not specifically modeled because they were confined to periods of

high wind velocities and usually did not persist more than a few days.

The 13 wind categories formed the basis for the selection of a matrix ‘filter’ that
was applied to the DEM to determine the representation of the wind in the model. The
filter is a square matrix of odd-numbered rows that is symmetric and opposite on either

side of an axis, determined by the wind direction, that extends through the center cell.
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The physical size of the matrix was determined by the velocity class of the wind, as were
the specific values it took. The structure of the filter was modified from what is known as
a ‘directional’ filter in geographic information systems (GIS) literature (Bonham-Carter,
1994). A similar use of a filter to determine the ‘exposure’ of underwater reefs to the

prevailing wind was reported in Bonham-Carter (1994).

The filter was then applied to a binary representation of the original DEM, in
which land pixels were assigned the value 1 and ocean pixels 0. At each pixel in the
binary image the values of the filter matrix were multiplied with the values of binary
image pixels in the region coinciding with the filter. The resuiting products were totaled
and the value, expressed as a percentage, was assigned to the pixel being considered
(Fig. 4.4). Thus when the filter was located completely in the ocean the result was 2ero;
when completely on land the result was also 0. However when the filter straddled a
coastal margin the filter values were multiplied by 1 over land and are not countered by
an identical value of opposite sign because the rest of the filter was multiplied by zero
over the ocean. The result assigned to the pixel under consideration was then a positive
or negative value of varying magnitude, depending on the orientation of the coast, the
position of the filter with respect to the coast, and the distance of the pixel away from the
coast. The values in the filter were arranged to emulate a gradual transition between

coastal and inland temperature regimes, based on observations made at several PCSP

stations.

The maximum possible value for wind effect that can be returned by the filter

matrix was set to 90, or 90%. It was felt that only the few hundred meters nearest the
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ocean would completely take an ocean temperature. Given that the resolution of the

DEM is one kilometer, it was felt that mitigation of the maximum possible (100%) was

warranted.

In many coastal areas of the world when a strong prevailing flow is absent and
when sky conditions are largely cloud-free it is common for a diumnal circulation driven by
temperature differences between the land and water surface to commence. The strength
of this thermally-driven circulation, termed a ‘sea-breeze’, is proportional to the
difference in temperature between the juxtaposed surfaces and to the instability in the
low-levels of the atmosphere (Atkinson, 1981). Two reports did indicate the possibility of
high-latitude sea breezes. Maxwell (after Jackson, 1969) noted their presence in the
arctic and King and Tumer (1997) described them in the Antarctic. It was thus decided to
conduct a search for the occurrence of sea breeze events with a view to explicitly

including them in the model if the were fdund to occur with sufficient frequency.

The location was selected for a sea breeze search was AES Eureka, one of the
warmest stations in the region, and was conducted by looking for a closed ellipse pattemn
on hodograph plots (plots of wind speed and direction employed to search for these
events) (Atkinson, 1981). None were observed for the periods examined. In the High
Arctic, temperature differences between the land and water surfaces are often less than
for coastal regions to the south, and the occurrence of atmdsphéf‘ic instability in the
arctic is less frequent and not as deep when it is present. Therefore, sea-breeze
circulations shouid occur infrequently and, when they do occur, they will be weak and: of

limited spatial extent. The observed lack of occurrence of these events at AES Eureka
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seemed to corroborate the general theoretical concepts. For this reason it was decided

not to explicitly inciude sea-breeze in the model.

The air temperature over the ocean was set at 2°C for all water pixels in the
image (Maxwell, 1980). The values in the wind effects image were percentages. They

and the values from the temperature estimates image were combined in the following

equation:

T =WxT, +(1-W)xT,,
where T = resultant temperature value for a pixel,

W = wind modification value (és a percentage),

T, = air temperature over the ocean surface, and

T, = air temperature over the land surface obtained from the

polynomial-based estimate.

The final output of a model run was an image of estimates of the mean surface
air temperature for the period of the model run. Values were estimated for all land
surfaces at a resolution of one square kilometer over a region encompassing all the

islands in the Canadian arctic archipelago, Boothia Peninsula, and some of the mainiand

north coast.

4.2.2 Sensitivity analysis
Sensitivity of model temperature estimates to variations in the application of factor

parameterization was explored by successively altering the magnitude of application of
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the various parameters. A series of seven additional combinations of factor
parameterizations, different from the original combination, were assembled to explore
the question of model sensitivity. Each combination was run on five separate years. The
same five years were used in each case so that inter-comparisons could be performed.
Three main model factor parameterizations were targeted: the inversion removal
algorithm, the sea-surface temperature (SST), and the wind effect. Specific alterations to
the inversion algorithm consisted of three approaches to removal in addition to that
already described: a "low-siope” removal, in which the slope removal line was drawn
from the point at which the lapse raten begins a stable rate of cooling, a "peak-point”
removal, in which the slope removal line was drawn vertically down from the point of
maximum warming to the surface, and "none”, in which no alteration to the observed
lapse rate was performed (Fig. 4.2b). The inversion removal aigorithms represent a
gradation in the magnitude of inversion removal, from a maximum in the original model
("high-slope” removal) to no alteration ("none”). For SST, the region-wide constant value
- was replaced by a map of mean observed SST (Fig. 4.5 - Maxwell, 1982). The observed
SST was used in two sets of runs, one set using the "low-slope” removal inversion
algorithm and another using the "peak-point” removal algorithm. The existing wind effect
was increased in strength, such that its influence could be felt twice as far inland as in
the original model. Two sets of runs were conducted with the strengthened wind, one
using the “low-slope” removal inversion algorithm and a constant SST and another using
the "low-slope” removal inversion algorithm and the observed SST. In the case of the
wind sensitivity runs SST was varied, rather than the inversion removal algorithm,
because the effect of wind is influenced as much by the SST as by the inversion, and it

was deemed important to expiore how the two alterations function together. Table 4.4
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summarizes model runs by parameter set. In all, 35 additional runs were conducted to
explore model sensitivity. Table 4.5 details the five time periods for which each

sensitivity run was conducted, along with reasons for their selection.

Table 4.4: Nature of alterations to runs for sensitivity analyses.

Parameter Nature of alteration Total runs

Inversion removal High-siope removal (original)

Low-slope removal

Peak-point removal

No modification to temperature profile

Sea surface temperature | Constant over entire region (original)

Variable over region with Low-slope remaval

Variable over region with Peak-point removal

Coastal wind effect Moderate effect application (original)

Maximum effect application with Low slope removal and
constant SST

Maximum effect application with Low slope removal and
variable SST

o |o]o] . jorjonjonls

(3]

Table 4.5: Periods for which sensitivity analyses were run.

Period Reason for selecting
9 - 22 July 1974 Large zone of negative residual in original model
21 July — 03 August 1978 Lack of inversions for the time period
28 June - 11 July 1983 Large zone of positive residual in original model
16 - 29 July 1984 Large number of stations available for verification
16 — 29 July 1988 Climatojgilly warm summer

4.3 Results

Model runs were conducted in all years for which adequate PCSP data were availabie
for verification, 1974 - 1990, less 1989. In addition to the model results, mean
temperature values were calculated for all stations present during the period of the run.
Model estimates for pixels coinciding with the station locations were extracted and
residual values, which consisted of mean temperature values calculated by the model

subtracted from mean temperature values determined from observed data, were
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calculated. The residual values were contoured and plotted to gauge the performance of
the model. Eighteen runs using what will be referred to as the "original® model
parameters were performed. Another 35 runs were performed to gauge model response
to variations in factor parameterization (the sensitivity runs) and will be considered apart

from results generated by the original runs.

4.3.1 Run periods
The maijority of original model runs covered a 14-day period; one run was performed in

each year. The starting date was selected to maximize the number of stations available
for verification. A length of 14 days was selected because it was long enough to ensure
that mean values calculated from observations were reasonably free of deviations
caused by random variations, yet short enough to maximize availability of PCSP stations
for testing purposes. The minimum number of days a time-series should possess was
determined using a Monte-Carlo simulation in which the variability associated with using
successively larger numbers of observations to estimate a mean value was recorded.
The variability was stable by the 14 day period, indicating the station is likely a good
estimator of temperature at that point. In addition to the 14-day runs, several one-month

runs (July) were conducted to explore model response when run for longer time periods.

Model start dates vary from year to year and were timed to maximize availability
of observing stations against which to test mode! output. However, all runs fell mostly
within the month of July and all were within the high arctic summer climatological period,
considered to begin sometime in June and continue at least until mid-August. Specific

14-day run periods are listed in Table 4.6; dates for the full-month (July) runs are listed

in Table 4.7.
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Table 4.6: Model run dates for 14-day periods.

Year Dates

1974 09 - 22 July
1975 08 - 21 July
1976 04 — 17 July
1977 19 July - 01 August
1978 21 July — 03 August
1979 09 - 22 July
1980 23 July - 05 August
1981 29 June - 12 July
1982 08 - 21 July
1983 28 June - 11 July
1984 16 - 29 July
1985 06 - 19 July
1986 09 - 22 July
1987 05 - 18 July
1988 16 - 29 July
1989 13 - 26 July
1990 09 - 22 July

Table 4.7: Additional run periods

Year Dates Feature of run
1974 01 - 31 July Full month run
1977 01 — 31 July Full month run
1979 01 - 31 July Full month run

4.3.1 Surface air temperature estimates
Output from selected model runs, including 1974, 1976, and 1988 is presented in Figs.

4.6 - 4.8 and 4.18 - 4.19. Values have been rounded to the nearest whole degree
Celsius. As expected, cooler temperatures were found at higher elevations in-the -
eastern arctic. The general north-south gradient was modeled by warmer temperatures

in the central islands (south Victoria Island).

4.3.2 Residual analysis, original model runs
Residuals were contoured and plotted for all original model runs and are presented in

Figures 4.9a-p. Negative residuais indicated an estimated temperature that exceeded
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the observed mean; positive residuals indicated that an observed temperature mean
exceeded the model estimate. Any model estimate that possessed a residual in the
range —-1.4 to +1.4 was considered to be a good estimate. The criterion used to establish
this was based on the standard deviations of the observed data against which the model
estimates were corhpared. using fhe ?6IIOwing logic. Observed mean temperatures are
by-products of climatic processes operating at several scales: synoptic, meso, local, and
random. The model is designed to capture synoptic- and meso-scale signals. This
means that spatial variability caused by local-scale and random fluctuations are noise for
the model. The level of background noise is the level below which the model cannot be
expected to function. This vanability is contained in the standard deviation associated
with the observed mean. Standard deviations for the observed time-series, which
covered the two-week periods for which the model was run, ranged between 1.5 -
2.8°C. Therefore, it was decided that if the residual was less than the standard deviation
of the observed values, then the estimate was likely free of systematic deviation and
possessed only fluctuations caused by local or random processes. The final cut-off value
used was, however, at the lowest end of the range of standard deviations for the
observed time series because it is recognized that some variation is attributabie to large-
scale processes, such as weather systems, the signals of which can be captured by the
model. As well, establishing this range of acceptability allowed a workabie assessment
of the model to be conducted - the range was large enough to avoid highlighting every
little residual, which consisted of random and local-scale fluctuations that the model
cannot capture, yet small enough to portray zones of persistent residual that were

caused by model shortcomings, facilitating meaningful model diagnostic work.
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The total number of available residual values for original runs was 386; the
distribution is listed in Table 4.8. Most values fell within the range +/- 1.4 and there were

more than twice as many under-estimations as over-estimations.

Table 4.8: Residual totals by residual classification.

Residual Number %
Less than - 1.5 99 25.6
-14t0+14 245 63.5
Greater than +1.5 42 10.9

Table 4.9 gives a breakdown of the mean and standard deviations, by year and overall,
of the mean observed temperature, mean estimated temperature and residual. Residual
results ranged from very close to the mean with little variation (e.g. 1976) to large

deviations from the mean with large variation (e.g. 1974). The general trend is towards

negative mean residual values.

Table 4.9: Mean, standard deviation, and sample size of observed values, model estimates,
and residuals for each year of model run and for all years.

Observed Estimate Residual

mean Std Mean std " Meéan std N
1974 5.5 26 7.8 1.8 2.3 2.5 26
1975 34 1.9 4.1 1.3 0.6 14 27
1976 2.9 1.8 2.9 1.3 0 1.1 23
1977 5.9 2 6 1.6 0 2 27
1978 4.9 1.7 5.4 1.8 0.5 23 23
1979 42 1.8 5 1.5 0.8 1.5 26
1980 4.7 1.3 53 1.2 -0.6 1 24
1981 6.4 2.2 74 1.6 -1 2.3 24
1982 6.8 1.6 73 14 0.4 1.8 21
1983 35 1.9 29 1.8 0.6 1.3 23
1984 5 24 45 2.1 0.5 1.5 33
1985 59 2 74 2.2 -1.5 1.8 24
1986 43 24 48 2.2 0.4 1.2 26
1987 6.2 26 5.8 24 04 1.5 14
1988 8.3 2.2 9.6 24 -1.3 2.8 23
1990 6.3 2.1 5.7 26 0.6 1.7 22
OVERALL 5.21 24 5.69 25 0.5 2 386
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In addition to the aggregate comparisons, residuals were aiso summarized
according to size of spatially continuous zones. The idea behind this approach was that
the larger a residual zone the more likely it was a result of a systematic shortcoming in
the model, and should thus be a focus for attention. In the maps, the 141 residual values
that fell outside the acceptable range formed a total of 59 spatial zones, of which 33
possessed a single station and 26 possessed multiple stations. Table 4.10 presents
information about the frequency of occurrence of zones of different sizes (in terms of
numbers of stations), and Table 4.11 presents similar information broken down by
residual type, that is, positive or negative. Residual zones that encompassed more than

2-3 stations represented 18% of all observed zones.

Table 4.10: Frequency of occurrence of residual zones possessing certain number of

stations.

Number of Number Percent

stations in zones of this

zone size in plots
1 3 56
2 12 21
3 3 5
4 3 5
5 2 3
6 2 3
7 2 3
8 1 2
14 1 2
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Table 4.11: Frequency of occurrence of residual zones possessing certain number of
stations, by residual type.

Zones of negative residual Zones of positive residual

Number of Number Percent | Number Percent
stations in zones of this zones of this
zone size in plots size in plots

1 18 55 15 58

2 4 12 8 30

3 3 9 - -

4 2 6 1 4

5 1 3 1 4

6 1 3 1 4

7 2 6 - -

8 1 3 - -

14 1 3 - -

Total 33 26

Six of 16 years possessed residual zones that exceeded 3 stations in size: 1974,

1979, 1981, 1985, 1988 and 1990. In each case except 1990 the residuals were
negative and were situated largely in the northem part of the archipelago. Small zones of
one and two stations constituted the maijority, together accounting for 77 percent of all
zones (Table 4.10). Separation into residual type indicated that zones possessing one or
two stations accounted for 67 percent of negative residuals but 88 percent of positive
residuals. The three largest zone classes were represented only by negative residual

groups (Table 4.11).

Some persistent features were noted in the residuals plots. A negative residual
was frequent in the northwest, present in 6 of 11 possible years. Large and small zones
of positive residual were frequent in the north, on Ellesmere and Axel Heiberg Islands
(1977, 1978, 1982, 1983, 1984, 1988, 1990), and often in the eastern parts of Ellesmere

(1977, 1988, 1990). Hall Beach exhibited residuals on a regular basis (ten of 16 possible
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times), as did Sachs Harbour to a lesser extent (four of fourteen possible times).

Residuals at these two stations did not favour either sign.

On a larger scale, residuals of both signs tended to be found in the Queen
Elizabeth islands and much less so south of the Parry Channel. All the large residual
groups were located in the QEL; in fact, on only two occasions did a large group possess
any connections with the southem islands. If Hall Beach and Sachs Harbour were not

included, the southem islands would possess very few residuals.

Three years were selected for a one month run: 1974, 1977 and 1979. Years
were selected from those that possessed numerous residuals that exceeded- the
acceptable range. Comparative plots are presented in Figures 4.10a-f. In each case the
total number of residuals in the full month plot exceeded that of the 14-day piot. In 1974
the intensity of the negative zone decreased but its extent increased slightly to
encompass Hall Beach, which lost its positive residual. In 1977 some of the zones
decreased but two more single-station residuals were introduced. In 1979 several more
stations in the west were added to the negative residual zone, while in the east it

intensified, aithough two small zones in the south disappeared.

It must be noted, when looking at the residual plots, that a residual zone
generated by one station can visually dominate an entire region where there are no
other stations to counter it. For example, in 1988, Resolute Bay is linked to a negative
residual in the north and the resuiting pattem appears to dominate the entire northwest,

even though there are no stations in that region.
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4.3.2 Residual analysis, sensitivity runs
Residuals were contoured and plotted for all sensitivity model runs (Figs. 4.11 —

4.15). The total number of available residual values for each sensitivity run was 137; the
distribution is listed in Table 4.12. In general, none of the sensitivity combinations
investigated yielded a clearly superior result. The most significant result was that the
original inversion removal algorithm (“high-slope®) was inferior to any of the sensitivity
combinations. Applying di'ffer.ent.;nversion removal algorithms while maintaining the
constant sea-surface temperature resulted in skewed residual groupings: skewed
negative using the high-slope and low-slope removals, and skewed positive using the
peak-point and “none” residuals, although the total number of residuals in the acceptable
category did not change by much. Similar skewed results were observed when using the
stronger wind field with the low-slope removal. The most even distribution of residual
values was obtained using the low-siope inversion removal with a variable sea-surface
temperature, however, it must be noted that this method also yielded one of the lowest
numbers of residuais in the acceptable range. The largest number of residual values in
the acceptable range was obtained using no inversion removal, however it also

generated the most highly skev;led residuals set.

Table 4.12: Residual totals by model factor parameterization set.

Factor parameterization set
Max wind, |Max wind,
pe pe |pea pe Low siope |Low siope
Less than - 1.5 33 31 18 15 31 16 33 33
-1.4to +1.4 76 87 89 92 80 86 83 85
Greaterthan +1.5 | 19 19 30 30 26 35 21 19
Total obs 128 137 137 137 137 137 137 137
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Table 4.13 gives a breakdown of the mean and standard deviations, by year and overall,
of the mean observed temperature, mean estimated temperature and residual. More
detail regarding how the different alterations affected specific years is provided in the

table. It is apparent from Table 4.13 that much of the observed change occurred in two

years: 1974 and 1988.
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Table 4.13: Mean, standard deviation, and sample size of observed values, model
estimates, and residuals for each year of model run and for all years.

| Observed |  Estimate |  Residual |

—atd | Mean | _std I Mean | std
1974 49 2.5 6.8 2.1 -1.9 24 | 23
1978 49 1.6 4.9 1.1 0 1.1 25
Low slope 1983 34 1.9 3.1 1.8 0.3 1.2 24
1984 5 2.3 4.2 2 0.9 1.6 Y
1988 8.8 27 9.6 3 0.8 3.1 25

Overalll 54 2.2 5.7 2 0.3 1.9
1974 49 2.5 5.4 2.1 0.5 1.7 ] 23
1978 4.9 1.6 4.7 1 0.2 12 | 25
Peak slope 1983 34 1.9 3 1.7 0.4 14 | 24
1984 5 2.3 4 1.7 1 15 | 34
1988 8.8 2.7 8 2.3 0.8 26 25

Overall] 54 22 5 1.8 0.4 1.7
1974 49 25 5.3 2.2 0.3 15| 23
1978 4.9 1.6 47 1.1 0.2 12| 25
No removal 1983 34 1.9 29 1.6 0.5 15 ] 24
1984 5 2.3 4.1 1.8 0.9 14 | 4
1988 8.8 2.7 7.5 2.4 1.3 25| 25

Overall] 5.4 22 4.9 1.8 0.5 1.6
1974 4.9 25 6.6 2.2 1.7 22 | 23
Variable SST | 1978 4.9 1.6 4.8 1.2 0.1 12 | 25
with Low 1983 34 1.9 3 1.8 0.4 12 | 24
slope 1984 5 23 42 2.1 0.9 16 | 34
1988 8.8 2.7 9.7 3 0.8 3.1 25

Overalll 54 2.2 5.6 2.1 0.2 1.9
1974 49 25 5.3 2.2 0.4 18| 23
Variable SST | 1978 49 1.6 4.5 1.1 0.4 12 | 25
with Peak 1983 34 1.9 34 2.9 0.5 13| 24
point 1984 5 2.3 3.9 1.8 1.1 1.5 34
1988 88 | 217 7.8 2.3 1 25 | 25

Overalll 54 2.2 4.9 1.8 0.5 1.7
1974 49 25 6.8 2.1 -1.9 2.1 23
Max wind with | 1978 49 1.6 438 1.2 0.1 1.1 25
Low slope and| 1983 34 1.9 32 1.8 0.2 1.1 24
constant SST | 1984 5 2.3 4.2 2 0.8 16 | 34
1988 8.8 27 9.7 3.1 0.9 3.1 25

Overall 54 2.2 5.7 2.0 2.3 1.8
1974 49 25 6.8 22 -1.8 2.1 23
Max wind with | 1978 49 16 48 12 0.1 1.1 25
Low slope and| 1983 34 19 3.1 1.9 0.2 1.2 24
variable SST | 1984 5 23 42 2 0.7 16 | 34
1988 8.8 2.7 97 3.1 0.9 3.1 25

Overal| 54 22 5.7 24 0.3 1.8
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The general response to progressive decrease of the magnitude of inversion
removal was for the large negative residual zones to be reduced in size and/or broken
up into smaller zones, e.g. Fig. 4.11a. In the 1974 series (Figs. 4.11a-d) there were a
few, localized residual zones at the end of the progression (Fig. 4.11d), however in the
1988 series the negative residuals were replaced by large positive residual zones at the
end of the progression (Fig. 4.15d). Very little change was noted in the years 1978 (Figs.
4.12a-d), 1983 (Figs. 4.13a-d) and 1984 (Figs. 4.14a-d).

Changes introduced by alteration of inversion removal were more significant that
those resulting from altering the SST or wind fields. In general, model response to
alterations in these factors consisted of sporadic, low-magnitude changes when
contrasted with changes to inversion removal. An example of the changes to model

output brought about by introducing a variable SST field is presented in Fig. 4.16.

4.4 Discussion

Estimates of surface air temperature generated by the model were largely reflective of
elevation and the shape of the vertical temperature profiles. The central region of
Ellesmere Island, guided by the profile from Eureka, was often relatively warm, as were
areas in the south, especially Cambridge Bay. Alert, Mould Bay, and Resolute Bay were

often relatively cool, although the northwest archipelago through to the Resolute Bay

area was often cooler than Alert.
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4.4.1 Original model
Original model estimates were compared to observed temperatures from PCSP

and AES stations to generate residuals. 63.5% of residuals fell within a range of +/-1.4.

When the original model was in error it tended to overestimate temperatures.
This fact emerged both in numerical assessments of residual frequency distribution and
in visual assessments of the residuals plots. There were several instances of large areas
in which muitiple stations possessed negative residuals. This was most likely a
systematic problem, although it is possible that each of the stations had been
overestimated for local reasons (see below) and that the contouring procedure has

connected the residuals together to form what looks like a large residual zone.

The large negative residual zones were observed to form two groups: a
northwest group and another group along the eastern edge of the archipelago. A
northwest negative residual group was observed in Figures 4.9a - d, h, and 0. An

eastern negative residual group was observed in Figures 4.9a, f - h, and |.

There were most likely two separate reasons for a northwest negative residual
which were dominant in different years but which yielded a similar net effect. The first
was a problem with deep inversions. in 1974, Mould Bay and Resolute Bay possessed
unusually deep inversions, as did Eureka and Alert (Figure 4.18a). In these cases, the
inversion removal algorithm would have generated a large correction factor. This would
be especially true if the inversion gradient was large. The correction factor likely

overestimated in these situations, and thus there was a corresponding overestimation by

-~

-
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the model. Another example of this occurred in 1988 (Fig. 4.90). When compared to the
inversion plot for the same year (Fig. 4.170) many stations showed a negative residual in
the areas of deep inversion. This appeared to be the source of negative residuals at Hall
Beach, for example, 1978 (Figs. 4.9e, 4.17e), 1982 (Figs. 4.9i, 4.17i), 1984 (Figs. 4.9k,
4.17k), 1985 (Figs. 4.91, 4.171), and 1988 (Figs. 4.90, 4.170). The second cause for a
northwest negative residual zone was likely a lack of inversion at Mould Bay. in only two
years did Mould Bay exhibit an inversion: 1974 and 1988 (Table 4.2). This means the
residual occurred in several years for which Mould Bay did not possess an inversion. in
several of these years the vertical temperature profile from Mould Bay exhibits a
warming in the lowest 500m. In appearance it has the form of an air mass whose
temperature profile contains an inversion but which has undergone a short period of
heating from below. This scenario of short-term modification of an existing air mass likely
occurred at Mould Bay in the following manner. Maritime-arctic air masses, entrained in
the prevailing northwest flow, move off the Arctic Ocean and over Prince Patrick Isiand.
While traversing the island the air mass, which often possesses a deep inversion, is
heated from below by the relatively warm land surface such that, when it has reached
Mould Bay on the east side of the island, the temperature structure of the lowest level
has been modified. The surface inversion has been removed and the model does not
modify the curve. However within the model that several degrees of warming still acts
like a corrected inversion. The reason this tends to be a problem more often in the

northwest is detailed below.

In several cases the model over-estimated when the resultant wind was zero. An

examination of specific situations revealed a number of shortcomings that could have
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affected estimates made for the near-shore environment. A related problem is that the
model over-estimated temperatures on small islands, such as Prince Leopold Island or
Seymour Island. Coastal over-estimation probably occurred because, without an
onshore wind component, the model did not apply any cooling to coastal pixels. For
some cases this was probably a result of the model over-simplifying the resultant wind
vector, such that it did not apply a small net on shore wind component that had been
present and that had effected a cooling. This can be improved in the model by
parameterizing some correction factor for times when net wind equals zero. The
situation at small islands is simply that the entire island exists within the maritime arctic
air mass. The radiative heating available from the small land area of the island is
insufficient to modify the cool lowest levels of the atmosphere. Application of a corrected
vertical temperature profile, which has been designed for the interiors of large islands,
thus overestimated at these locations. Furthermore, with respect to the modified
“inversion condition at Mould Bay, a temperature profile that possesses an inversion but
which has undergone a brief period of heating from below, such that the inversion is
removed at the lowest levels, will also cause the model to overestimate. Finally, an
overly literal application of wind effect was another wind-related cause of model over-
estimation at coastal locations. Wind effects Qare applied in the model strictly along
cardinal directions, when in fact a range of directions, centered on the calculated

resultant, would probably be more realistic.

There are several topographic features of the northwest that can also increase
the likelihood of overestimation: small islands are more numerous here than elsewhere

in the archipelago, there is a lack of blocking topography, and there is a lack of
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sheltering relief, in the form of fiords. The problem with small islands has been
discussed. A lack of blocking topography means that there is no highland area to defiect
the northwest flow, with the result that alil areas in the northwest are subjected to the full
cooling effects of the maritime arctic air mass. This is in contrast to locations in the
vicinity of AES Eureka, situated behind the biocking influence of the Axel Heiberg
highlands. A lack of sheltering relief refers to the fact that coastal locations in fiords are
not exposed to the same magnitude of cooling as locations on an exposed coast.
Several instances in which the model under-estimated in fiord areas were noted.
Another problem that may contribute to a model over-estimation in the northwest is the
value used for the air temperature over the ocean, that is, 2°Celsius, is probably too high
for an ocean that is usually ice-covered. Another potential source of error, not co.nﬁned
to the northwest, was cooling due to proximity to an ice field. This was more difficult to
confirm, however a model over-estimation at a station in southeast Devon Isiand could
be the result of an ice field effect.

Residuals along the eastern edge of the archipelago most likely occurred
because none of the upper air profiles is characteristic of this region. Alert, while on the
coast near the eastern coastal region, is located at the extreme northern limit of this
area, which limits the representativeness of its profile. Furthermore, the nature of the
interpolation procedure is such that south of the central-east coast of Ellesmere Island
the influence exerted by Eureka's vertical profile will exceed that of Alert. This can be
tested by incorporating upper air ascents from Thule AFB (Greenland) and seeing if this

improves the estimates. However, the large area of open water in the Davis Strait, and
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the possible influence of the Greenland ice cap, may render data from Thule as

unrepresentative as that from Eureka or Alert.

Positive residuals occurred less frequently than negative residuals. The majority
of positive residuals were found in zones with one or two stations (Table 4.11). That fact,
coupled with the spatial distribution of residuals, did not indicate systematic model
underestimation. The most likely situation in which positive residuals would occur is
during periods of low cloud cover and wind speed when surface heating is greatest.
Given that a free-air temperature estimate of a land location at the same elevation is not
always the best estimator of surface temp;erature (Maxweli, 1980), model under-
estimation should be more common during periods of low cloud cover and wind speed.
However, examination of specific situations revealed, for single station residuals, that
this was not necessarily the case and that there were several instances when model
underestimation occurred when reported cloud cover was high. Stations within the large
positive residual zones in the central istands in 1977 (Fig. 4.9d) and in the north in 1983
(Fig. 4.9j) did possess occurrences of low cloud cover amounts. A more thorough
investigation of the relationship between clouds, wind and temperature should be
undertaken to ascertain whether the inclusion of cloud cover, perhaps based on wet bulb

depression from the ascents, shduld be considered.

There were few situations in which the modeled wind effect could be assessed.
In 1981 (Fig. 4.9h) three stations — Hall Beach, a station on southwest Ellesmere Island
and a station on northwest Devon Island - were located within an onshore wind zone

that correctly modified their temperatures. In 1988 the wind effect captured most of the
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coastal signal, despite an inversion (Fig. 4.170), to reapply the coastal cooling. The
estimate was slightly into the positive residual range (Fig. 4.90), indicating that the
amount of cooling was too large. The cause of this was probably a value for air
temperature above the ocean that was not set high enough. The nature of the wind fiiter
design also contributed to model over-estimation of small islands. To activate its full
cooling potential, many of the pixels on one side of the filter must be underiain by land.
Small islands possess few pixels, are able to activate little wind potential, and thus are

subjected to less cooling by wind.

In several years there were large areas in which the model apparently
overestimated temperature (e.g. 1975, 1976, 1977, 1979; Figs. 4.9b—d, f), but these
large areas consisted of just a.few stations, all situated on the coast, that were joined to
form a contiguous zone by contouring. The likely causes of the over-estimation have
been detailed, however it is important to note that these sources of error are confined to
coastal regions, and that the much larger majority of land areas will not be susceptible to
these problems. This suggests that the model is capable of generating accurate

temperature estimates for large areas of the arctic.

Areas well represented in the model included the central, south-central and
west/southwest regions. When considering model output and its evaluation, it is useful to
remember that this model is producing areally averaged temperature estimates on a grid
with a resolution of 1 kilometer by 1 kilometer over an area that is almost 2 million

square kilometers using only two dynamically scaled parameters, and that the error is




4.4 Discussion

being gauged, using an accuracy of one tenth of one degree Celsius, not by comparison

against areally averaged observed data, but against point observations.

In general, it is important to realize that the majority of test sites were situated
near the coast. This means identifying possible occurrences of model under-estimation
is likely poorly represented. This fact shouid be bome in mind before considering a

larger number of negative residuals to be an indication of a fundamental flaw in model

functioning.

4.4.2 Sensitivity analysis
Sensitivity analysis involving modification to the inversion removal algorithm had the

largest impacts in those years for which inversions were observed (1974 and 1988). A
successive decrease in the magnitude of inversion removal resulted in corresponding
decreases in the magnitude and occurrence of negative residuals. This suggests that the
original model algorithm over-compensated when a deep inversion was present,

resulting in temperature estimates that were too large.

Although the occurrence of over-compensation was reduced using inversion removals of
lower magnitude, a problem of model under-estimation began to appear. In the "peak-
point® and "none" removal results for 1974, under-estimation was almost as common as
over-estimation, but these residuals did not form a continuous zone similar to the large
negative residual zone formed using the original algorithm. In 1988 larger zones of
positive residual appeared, notably in the central north and the west. 1988 was a warm
year in the region surrounding AES Eureka (Ediund and Alt, 1989). In general, under-

estimated sites were situated inland or in sheltered areas, such as at the head of a fiord.

95
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In 1988, however, sites that were exposed to a stronger maritime influence, such as that
to the east of Ellesmere Island or to the northwest, were still over-estimated by the
model, even in the absence of an inversion correction (Fig. 4.15d), which means that an

erroneous inversion removal algorithm can not take full blame for mode! over-estimation.

A large under-estimation that occurred in north Ellesmere Island in 1988
(Biederbick Lake) provides a good example of the potential problem that can exist with
inland sites. The main estimator for this site is the temperature profile from AES Alert. A
location like Alert, unlike a sheltered, inland site, is cooled by two mechanisms: cool air
advection, and blocking of insolation by low-level cloud. Biederbick Lake, however,
experienced many days of low wind and cloud, which most likely allowed the site to
realize its maximum potential warming, and which made it different enough from Alert
that even a corrected temperature profile was unable to reproduce its observed

temperature.

It should be noted that in 1974 the stronger wind field increased the negative
residual zone in the northwest, however in this case the inversion removal was probably
the largest contribution to model over-estimation. in general, modifications to SST and
the wind fieid, although producing little discemnible effect in the residuals plots, had large
impacts on the model estimations (Figs. 4.16 and 4.17). As alluded to before, a lack of
testable effect does not mean these modifications are or are not improvements, just that

there are few stations in place to adequately test the output.
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Overall, the model was most sensitive to the manner in which inversions were
handled. In terms of area of effect, modifications to this parameter also had the largest
effect. An overall assessment of this effort as a model-building exercise must be guided
by the residuals. They demonstrated consistency, in that for all combinations of
parameterization, the majority of residuals were within the acceptable range, and where
they exceeded the acceptable range, examination of their pattems suggested logical
physical causes. The general accuracy and physical interpretability of the model results
suggest that this is a promising avenue for arctic climate research, both to generate high

spatial resolution temperature data and to explore the physical processes that control

the climate in this region.

4.5 Future work

The assumptions governing the operation of this model include:

1. The surface air temperature at a location is largely a function of its elevation
and proximity to a coast,

2. Estimates of surface temperature may be made using environmental lapse
rates obtained from upper air ascents,

3. The occurrence of inversions in the upper air ascents is a by-product of
coastal proximity and must be removed to accurately estimate temperatures
at interior locations,

4. The reason coastal environments are relatively cool is the advection of
marine air over the land surface, and

5. Coastal advection events may be captured using resultant winds from upper

air ascents.
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The course of this work has demonstrated that some of these assumptions are
reasonable while others require varying degrees of modification. The primary
assumptions, number 1 and 2 above, have proven a sound basis on which a model .af
this type may operate. The general validity of assumption number 3 was demonstrated
because systematic model under-estimation occurred when the two weakest inversion
removal algorithms were applied ("peak-point” and "none”). The "high-slope" and “low-
slope” removals worked well and possessed problems that were limited to certain upper-
air temperature profile pattems; specifically, if either steep inversions or a relatively
steep low level increase in temperature occur, the model will systematically
overestimate. Assumption number 4 was demonstrated to be only partially correct: even
when there was no mean onshore flow coastal regions are cooled by proximity to the
ocean. This meant that small islands which did not possess the land area to modify the
temperature structure of the lower atmosphere were not accurately modeled with an
ascent curve ‘corrected’ for coastal proximity. Assumption number 5 seemed reasonable
the few times it could be directly evaluated. Sensitivity analyses added weight to the
importance of dealing appropriately with Assumption 3. This was supported when

considering the sensitivity testing using realistic SST.

In general the model has performed satisfactorily. Physical mechanisms have been
suggested for most residuals. There are additional areas in which work would stand to

benefit the model, including:

98



4.5 Future work

1. Improve the near-shore low-wind cooling effect, such that unless there is a strong
wind from the land side, the model should have some sort of coastal cooling at all
land pixels beside an ocean pixel;

2. Improve the spatial distribution of air temperature estimates above the ocean by
incorporating a more detailed sea surface temperature or mean sea ice conditions
map;

3. Use the vertical profile of dew point temperature in conjunction with the dry' bulb
temperature profile to get an estimate of clouds; and

4. Incorporate a more detailed ice field/glacier map and model downslope katabatic

effects in large glacial valleys.

This model has shown that a significant amount of the meso-scale climatic variability
of the arctic may be explained by a few factors operating on the complex topography of
the arctic. Future work will improve the model by better parameterization of the climate
of the lower atmosphere and condition of the surface. Another consideration for future
work is to expand the time periods over which the model can currently operate by using
vertical temperature profiles and winds generated by general circulation models (GCM)
or the NCEP/NCAR reanalysis upper-air gridded data set. A model of this nature also
provides a means of rendering GCM output in high spatial resolution because the low-
resolution, gridded vertical temperature fields generated by the GCM can be used as

upper-air stations in the model.
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Chapter 5

SUMMARY

This thesis has presented an analysis of the summer meso-scale climate of. the
Canadian High Arctic. The goal was to improve existing knowledge of the climate using
a model of surface air temperature and a new data set from a 20-year period. The
underlying assumption, that modification of the synoptic-scale temperature climate by
elevation and distance from a coast will largely determine the temperature at a location,
was evaluated. The model, which was semi-empirical process-based in operation, was
built to evaluate the assumption. Model results were assessed using a data set of non-
standard weather observations from the Polar Continental Shelf Project. The process of
assembling the data set and reviewing it for errors was detailed, as was a principal

components analysis performed using the data to ascertain its veracity.

The following results have been obtained in this study:
1) A new data set of summer temperatures was assembled from disparate sources and

made available to the research community. These data were based on
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measurements collected and archived by the Polar Continental Shelf Project over the
years 1974 through 1992. Data are available from across the Arctic Archipelago and
many are avaiiable from the interiors of the islands. Although a few records span the
entire season or several seasons, many are short-term. Some preliminary results
indicated that these records constitute a useful supplement to existing AES standard
weather observations (Chapter 2, Appendix A). The largest single problem was
missing station information, which occurred in almost 10% of the data. Comparative

plots were done which showed coherency with nearby stations.

2) A series of principal components analyses of surface temperature in the Arctic
Archipelago (Chapter 3), based in part on the new database, demonstrated the
following:

a) The timing and spatial extent of synoptic events, including tracing influence of
large features, such as ridges of high pressure over the entire archipelago, were
identified in the PCA results. Smaller features in space and time, such as the
traverse of low-pressure systems and local deviations from the general
temperature pattern of the archipelago, caused either by local forcing agents or
by selective exposure to neighbouring weather regimes, were also identified by
this analysis. This indicated that PCA of daily data can be used to trace the
effects of synoptic climate processes.

b) Using a multi-year analysis of primary (AES) station data large-scale features of
the temperature climate were identified. The most dominant was a persistent flow
from the northwest. The next most prevalent feature was a difference in

temperature regimes between the eastem/northern areas and the
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westem/southern areas. Finally, a pattern indicating the influence of - the
continental land mass on temperatures in the south central part of the
archipelago was identified. These represent the major large-scale features of the
temperature climate of the Canadian Arctic Archipelago.

c) Comparison of analyses incorporating PCSP data with analyses of AES data
alone further demonstrated the usefuiness of the PCSP non-standard data set for
use in regional climate analysis. Information provided by the additional data
verified spatial pattems of summer temperature determined using the AES data
because the PCSP stations showed general regional coherence. The PCSP data
also exhibited coherence at smaller spatial scales which suggested that the
PCSP data were able to provide some measure of meso-scale climate activity,
although specific physical explanations for the components were not elaborated
on in this study. The indication of meso-scale structure warrants further analyses
of this kind to permit a better understanding of the arctic climate and its possible
relation to physiographic factors. Potential approaches inciude applying method§
of classification of other muitivariate analyses to these data, use of transfer
functions to extrapolate these records in time, thus permitting longer analyses, or
many other methods being developed that depend on the sampling to give

indication of errors as well as mean values of the signals.

3) The underlying assumption of this study was explored by developing a model that
was based on the summer, synoptic-scale temperature signal of the AES upper-air
stations in the High Arctic (Chapter 4). This signal was modified to include effects of

distance from the coast, altitude and presence of ice caps. The resulting climatic
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patterns captured much of the signal of July temperatures in the arctic. This was
indicated by the fact that the majority (64%) of residuals between the predicted
temperatures and point eStimates from AES and PCSP stations, for all combinations
of parameterization, fell within a reasonably narrow range. Some discrepancies were
evident that seemed to be due to two factors: 1) model response was sensitive to the
parameterization of the temperature profile, and specifically the manner in which an
inversion was removed, and 2) the presence of persistent cloud cover was not
accounted for. Future work with this model can address these problems. For
example, wet bulb depression of the soundings input to the model can be used to
introduce a cloud cover which will serve to reduce the coastal effect. The method by
which the inversion is removed can be improved, possibly guided by the presence of
cloud. A field study could be undertaken in which temperature is monitored at a
number of stations along a transect perpendicular to the coast for a long period, to
better understand the relation of coastal modification of temperature to wind speed,

wind direction, and cloud cover.

An important application of the model described here will be to translate various

scenarios of global warming, produced using GCMs, into a high spatial resolution

temperature signal (i.e. what is termed 'downscaling') for detailed local- and meso-scale

impact work in disciplines such as hydrology, urban climatology, or ecology. This can be

accomplished using the gridded vertical temperature output from the GCM as surrogate

rawinsonde data. This type of approach, that is, replacing upper-air stations with gridded

upper-air air data, can also serve to extend the geographical application of the model to

areas of the world that are not well-served by upper-air stations. In these cases gridded
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data sets based on modern data, such as the NCEP (National Centers for Environmental

Prediction) upper-air reanalysis data, available for anywhere in the world, could also be

used.

Although it is frequently felt that the arctic climate is variable, this study has also
indicated that processes operating at the synoptic- and regional-scales represent a large
component of arctic temperature time series signals, and that local variability is not so
dominant as to overwhelm the large-scale coherency. Meso-scale climate patterns can
be explained to a large degree as modification of this signal by physiographic factors.
This study has explained some aspects of arctic climate. It has indicated some paths for

future work and presents an input data set for use in factor analysis.
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Figure 2.2a: Comparisons of AES and-PCSP mean daily temperature, summer 1977:
Plots of selected stations. Vertical dashed lines indicate the beginning of
the month. Horizontal dashed lines are placed for reference at +5°C,
0°C, and -5°C.
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Figure 2.2b: Comparisons of AES and PCSP mean daily temperature, summer 1977:
locations of stations presented in the comparison. AES stations are
indicated with a diamond, PCSP stations with a dot.
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Figure 2.3a: Comparisons of AES and PCSP mean daily temperature, summer 1979:
Plots of selected stations. Vertical dashed lines indicate the beginning of
the month. Horizontal dashed lines are placed for reference at +5°C
0°C, and -5°C.
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Figure 2.3b: Comparisons of AES and PCSP mean daily temperature, summer 1979:
locations of stations presented in the comparison. AES stations are
indicated with a diamond, PCSP stations with a dot.
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Figure 2.4a: Comparisons of AES and PCSP mean daily temperature, summer 1981:
Plots of selected stations. Vertical dashed lines indicate the beginning of
the month. Horizontal dashed lines are placed for reference at +5°C
0°C, and -5°C.
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Figure 2.4b: Comparisons of AES and PCSP mean daily temperature, summer 1981:
locations of stations presented in the comparison. AES stations are
indicated with a diamond, PCSP stations with a dot.
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Figure 2.5a: PCSP station densities using 100 km search radius. This pattern is
indicative of logistical constraints, such as aircraft operating distances
from the Resolute Bay - Eureka corridor.
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Figure 2.5b: PCSP station densities using 50 km search radius. This pattern reflects
some of the most active research areas over the 1974 - 1993 period.
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Figure 2.10: July mean temperature normals, 1941-1970 (after Maxweil, 1980). Solid
lines are 0 and 5°C isotherms , dashed lines are 2.5° C isotherms.
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Figure 3.1: The Canadian Arctic Archipelago. Stations of the Atmospheric Environment
Service of Canada (AES) are indicated. AES stations with upper air
facilities are underlined.
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Figure 3.4:
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Figure 3.5: Principal components analysis of AES July mean daily data for summer, 1962.
a;, ¢) and e) are maps of loadings for components one, two and three;
b), d) and f) are time-series plots of component scores. k): Plots of mean
temperature for the period. 1). Plot showing percent explained variance by each
component. Vertical lines in time series plot indicate the begmmn? of a month;
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Figure 3.5: Principal components analysis of AES July mean daily data for summer, 1962.
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1964. Stations are indicated on the plots. Vertical

dashed lines indicate the beginning of a month; horizontal dashed line is a

Daily precipitation totals and mean daily temperature data for the period
reference line placed at 0°C.

June 1 - August 31,

Figure 3.6:
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Figure 3.7: Principal components analysis of AES July mean daily data for summer, 1964.
a), ¢), e) and i) are maps of loadings for components one, two, three and four;
b), d), f) and h) are time-series plots of component scores. k): Plots of mean
temperature for the period. I{; Plot showing percent explained variance by each
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horizontal lines are reference lines placed at component score values +1, 0, -1.
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Figure 3.8: Principai components analysis on AES July mean daily data, 1951 - 1974.
Raw component scores are plotted with a dotted line; smoothed scores are
plotted with a heavy solid line. There is a break to separate each year.
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Figure 3.9: Principal components analysis on AES July mean daily data, 1957 - 1977.
Raw component scores are plotted with a dotted line; smoothed scores are
plotted with a heavy solid line. There is a break to separate each year.
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Figure 3.10: Principal components analysis on AES July mean daily data, 1969 - 1985.
Raw component scores are plotted with a dotted line; smoothed scores are
plotted with a heavy solid line. There is a break to separate each year.
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Figure 3.11: Principal components analysis on AES July mean daily data, 1969 - 1989.
Raw component scores are plotted with a dotted line; smoothed scores are
plotted with a heavy solid line. There is a break to separate each year.

137



Figures

29
S
i
2

/
/

LT
A #

o ; < el
= T a7 T s PR A T

4B o o ﬁ : o
<L Lo
| |

Analysis performed on daily temperature data.
Analysis performed on daily temperature data.

Analysis performed on daily temperature data.
\/—/
13
Component scores for the dates indicated

Component
Two: scores
\
X
5
| Three: scores

3 { Component

j . -
: ﬂ i
v -3 H - -3 v 1y ]
LA B S S S S 2 T ¥ 1 T T -~ o
® N - O '... N o ® & - O q_u J. 1_~ o~ o f \ 7
[

-

e [ o[£ < s I [ e i les
mmim K )i o mmim (T :m.: N
il (it L el 78

7

138

pal components analysis of AES July mean daily data for summer, 1975.
and e) are maps of loadings for components one, two and three;

and f) are time-series plots of component scores.

3

c
d

Princi
B

Figure 3.12:




Figures

N\

17

ysis of AES and PCSP July mean daily data for summer, 1975.
oadings for components one, two and three; b), d) and f) are

time-series plots of component scores. AES stations are underlined

a), ¢) and e) are maps of |

Figure 3.13: Principal components anal

139



Figures

VAT S a1 T0mS B
i Component One 3 4 Component
/) =g | [Onesoos
| PN TN
/ I“ l o .i,/{/‘\:\ S ‘./. .
/ / 4= i l" \\ / A~
-1 . e 4
\ . NV
! 1 1 5 9 13 7 21 35 29
: -
‘.7 Date
\ Component scores for the dates indicated.
Y /C Analysis performed on daily temperature data.
k \ D
/ " \ 3 { Component
' Two: scores
; : | 2
N8, AN e
1“‘%“ ‘ s /[ /A
',\; ‘, ‘\ 0 ...\/\f/ \V/ \\\ [../ \\
- &) o /
Y, j"t ~ )t‘\‘ » \'”\// \/ ~
'é%& N A a -2
£ NE ' W O : , :

Iy o] QC\\‘\‘-‘:‘ NG
=7 AN

: F
N 3 4 Component
J ' ' Three: scores
| " > 24 \ ;\
, \ g . A _i,_//A A
j N & e~
/ ° | \ / \4 Voo
/ o - e e rmaren e e g e e e . — e \ . —r
/ 4 AR \ ‘)‘ - i \/\"‘\/ N
i Rl A K A -2~
4 aji 9 1 5 9 13 17 21 25 2
v { Jut
- ;J’ 1983
S s & 5 X Date
‘! P Component scores for the dates indicated.
s s ) Analysis performed on daily temperature data.

Figure 3.14: Principal components analysis of AES July mean daily data for summer, 1983.
a;, c; and e) are maps of loadings for components one, two and three;
b), d) and f) are time-series plots of component scores.
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Figure 3.15: Principal components analysis of AES and PCSP July mean daily data for summer, 1983.
a), ¢) and e) are maps of loadings for components one, two and three; b), d) and f) are
time-series plots of component scores. AES stations are underlined
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Figure 3.16: Principal components analysis of AES July mean daily data for summer, 1984.
ag, ¢) and e) are maps of loadings for components one, two and three;
b), d) and f) are time-series plots of component scores.
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Figure 3.17: Principal components analysis of AES and PCSP July mean daily data for summer, 1984.
a), ¢) and e) are maps of loadings for components one, two and three; b), d) and f) are
time-series plots of component scores. AES stations are underiined
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Figure 3.18: Principal components analysis of AES July mean daily data for summer, 1990.
and e) are maps of loadings for components one, two and three;
b), d) and f) are time-series plots of component scores.
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Figure 3.19: Principal components analysis of AES and PCSP July mean daily data for summer, 1990.
a), ¢) and e) are maps of loadings for components one, two and three; b), d) and f) are
time-series plots of component scores. AES stations are underiined

145



>N

N

\
Rl
Y

3 { Component
WO: SCOores
24 ﬁ
, A
o "/ \/\ A
b
MR TN S
-2 4
-3 -
1 s 9 13 17 21 =3 29
Jul
1991
Date
Component scores for the dates indicated.
Analysis performed on daily temperature data.
F
3 4 Component
. ] Threep:oscores
| AN\
1 e e A e e R . —
04 A ";{j\\v ~7,/\ \ .
. ,,- \ \
-1 L \ / \/
‘/ ——
-2-
-3 1
— ", s 9 1 ” 2 % 29
Jul
1991
Date

Component scores for the dates indicated.
Analysis performed on daily temperature data.

Figure 3.20: Principal components analysis of AES July mean daily data for summer, 1991.
, ¢) and e) are maps of loadings for components one, two and three;
, d) and f) are time-series plots of component scores.
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Figure 4.1:

The Canadian Arctic Archipelago. Stations of the Atmospheric Environment
Service of Canada (AES) are indicated. AES stations with upper air
facilities are underlined.
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Figure 4.2a:Examples of upper air temperature profiles derived from individual rawinsonde
ascents at AES Eureka. a): July 02 1987, 0000 UCT; b): July 23 1987, 1200 UCT.
Thin line with black dots represents original data points; thicker line is the
polynomial fit. ¢) Mean rawinsonde ascent profiles for July generated by averaging
all polynomial estimates for each ascent over the month of July for a given year.
Coastal effect is estimated by taking the difference between the surface
temperature (solid line) and the extrapolation of the straight portion of the curve
(dashed line) to the surface.
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Figure 4.2b: Comparison showing difference between the three new algorithms for inversion

removal introduced for sensitivity testing. The first column shows the "low-slope*
removal, the second column the "peak-point® removal, and the third column
shows no removal. The first row are upper air data from AES Eureka, 16-29 July,
1988, the second row, AES Alert, 29 June - 12 July, 1981, and the third row,
AES Eureka, 9 - 22 July, 1979. Heavy line represents mean temperature profile
curve, light line represents result of removal algorithm.
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Schematic representation depicting how the base temperature estimate is obtained
from the polynomial coefficient images and the DEM. Dark pixels indicate the

Figure 4.3

locations of upper air stations on the image. The same coefficient from each station is
interpolated to obtain values to form a new image in which each pixel contains an

interpolated value for that coefficient. This is repeated for each coefficient. Resultant
images are then multiplied with the DEM and these results are totaled, as per the

equation.
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An example of a ‘wind effect filter’. This is not one that is used in the model; they
are larger. The values are symmetric and opposite about the center:

01,2110
0/0/5/0(0
0/0/0/0]0
0l|ol-5/0|0
0/-1{-2|-1/0

The filter is applied to each pixe! in a binary representation of the DEM (land=1,
ocean=0). At each pixel the filter is multiplied with the part of the binary DEM

that is under the filter (i.e.,which would in this case be a 5x5 zone). If completely
in the ocean the result is 0, if completely on land the result is 0. If the filter
straddles a coastline, the resuilt taken is dependent on the orientation of the coast
and how far the pixel being examined is from the coast. Below is a an example
for which the filter is right on the coastal pixel.

0[1/2]1]0 117111 0[1]271]0
olo/5{0]0 111[1]1]1 o/o/5/0}0
olololofol x [1T1[111]1] = [ololo'olol= 9
olol-5/0]0 ojofof/o]o olo/ololo
ol-1]-2]-1]0 ojojofo]o olofo]o]o
Filter OEM Resultant

The value obtained after adding the values in the pixels of the resuiltant is
placed in the pixel of a ‘wind effect image’. Below is a second example when
the pixel under consideration is one pixel in from the coast:

0j1/2{1]0 111111 o[1/2{1]0
0/0i5/0i0 1111011 010500
olololoolx [MT11 11| = [0io.0lolol= 4
0/0/-5/0]0 111101 0/0(-5/0/0
0-1{-2|-110 0/0/0|01!0 ojoloioio
Filter DEM Resuitant

The final value has dropped, reflecting a decrease in the potential influence of
the ocean on that inland pixel. In the model these values are percentages
indicating just how much of the ocean temperature should be used at that land
pixel. Thus the final result is not a wind value but a reflection of the effect the
wind has on the temperature at that point, with respect to the temperature of the
source, that is, the ocean and the temperature of the land.

Figure 4.4: The operation of a wind effect filter.
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Sea surface temperature

Plot comes from Maxwell
(1982) using data from from
R several sources. Itis a
i W2 °C general representation of
mean conditions in the late-
summer/early fall (August-
September).

Figure 4.5: Sea-surface temperatures used in the variable SST sensitivity analysis. Source
is Maxwell (1982). Plot represents mean late-summer conditions. Original data
come from US Navy abservations and other sources.
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Figure 4.6: Estimates of the mean temperature for the period 4 July — 17 July
1976. Values are rounded to the nearest degree Celsius. Ocean
is a uniform 2°C. Warmer areas are light, cooler areas are dark.
Values range from a maximum of 7°C to a minimum of -13°C.
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Figure 4.7: Estimates of the mean temperature for the period 16 July — 29
July 1988. Values are rounded to the nearest degree Celsius.
Ocean is a uniform 2°C. Warmer areas are iight, cooler areas are
dark. Values range from a maximum of 13°C to a minimum of

-5°C.

155



Figures

Figure 4.8: Estimates of the mean temperature for the period 9 July - 22 July
1990. Values are rounded to the nearest degree Celsius. Ocean
is a uniform 2°C. Warmer areas are light, cooler areas are dark.
Values range from a maximum of 13°C to a minimum of -13°C.
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Figure 4.9a-p: Plots of residuals for each of the 14-day model runs. Contours are at 6, 4.5, 3,
1.5, -1.5, -3, 4.5, -6; units are degrees Celsius. Heavy shading are zones of
negative residual less than —1.5°C (negative residuals); light shading are zones
of positive residual more than +1.5°C (positive residuals). Negative residuals
occur where observed vaiues are less than 1.5°C less than the model estimate;
positive residuals occur where observed values are more than 1.5°C more than
the model estimate. Periods of the runs are indicated on the plots
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Figure 4.9a-p: Plots of residuals for each of the 14-day model runs. Contours are at 6, 4.5, 3,
1.5,-1.5, -3, 4.5, -6; units are degrees Celsius. Heavy shading are zones of
negative residual less than ~1.5°C (negative residuals); light shading are zones
of positive residual more than +1.5°C (positive residuals). Negative residuals

occur where observed values are less than 1.5°C less than the model estimate:

positive residuals occur where observed values are more than 1.5°C more than
the model estimate. Periods of the runs are indicated on the plots
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Figure 4.10a-f: Comparison of residuals plots from 14-day model runs and from runs conducted
for the month of July of the same year. Contours are at 6, 4.5, 3, 1.5, -1.5, -3, -
4.5, -6; units are degrees Celsius. Heavy shading are zones of negative residual
less than —-1.5°C (negative residuals); light shading are zones of positive residual
more than +1.5°C (positive residuals). Negative residuals occur where observed
values are less than 1.5°C less than the model estimate; positive residuals occur
where observed values are more than 1.5°C more than the model estimate.
Periods of the runs are indicated on the plots.
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Figure 4.11a-h: Comparisons between different sensitivity runs for the 1374 run period (9 -
22 July, 1974). Sources of the results is as follows: A - original (high slope
algorithm) model, B - low-slope algorithm, C - peak-point aigorithm, D - no
curve modification, E — low-slope algorithm with variable SST, F — peak-point
algorithm with variable SST, G -~ low-slope algorithm, constant SST and
maximum wind, H — low-slope algorithm, variable SST and max wind.
Shading indicates negative residuals (observed less than model estimates);

horizontal fine pattern indicates positive residuals (observed greater than
model estimates).
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Figure 4.12a-h: Comparisons between different sensitivity runs for the 1978 run period (21
July - 3 August, 1978). Sources of the results is as follows: A - original (high
slope algorithm) model, B — low-slope algorithm, C — peak-point algorithm, D
- no curve modification, E — low-slope algorithm with variable SST, F —- peak-
point algorithm with variable SST, G — low-slope algorithm, constant SST and
maximum wind, H — low-slope algorithm, variable SST and max wind.
Shading indicates negative residuals (observed less than model estimates);

horizontal line pattern indicates positive residuals (observed greater than
model estimates).
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Figure 4.13a-h:

Comparisons between different sensitivity runs for the 1983 run period (28
June - 11 July, 1983). Sources of the resuits is as follows: A - original (high
slope algorithm) model, B — low-slope algorithm, C - peak-point algorithm, D
- no curve modification, E - low-slope algorithm with variable SST, F - peak-
point algorithm with variable SST, G - low-slope algorithm, constant SST and
maximum wind, H - low-slope algorithm, variable SST and max wind.
Shading indicates negative residuals (observed less than model estimates);
horizontal line pattern indicates positive residuals (observed greater than
model estimates).
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Figure 4.14a-h: Comparisons between different sensitivity runs for the 1984 run period (16 -
29 July, 1984). Sources of the resuilts is as follows: A - original (high slope
algorithm) model, B — low-slope algorithm, C -~ peak-point algorithm, D - no
curve modification, E - low-slope algorithm with variable SST, F - peak-point
algorithm with variable SST, G - low-slope algorithm, constant SST and
maximum wind, H — low-slope algorithm, variable SST and max wind.
Shading indicates negative residuals (observed less than model estimates);

horizontal line pattern indicates positive residuals (observed greater than
model estimates).
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Figure 4.15a-h: Comparisons between different sensitivity runs for the 1988 run period (16 -
29 July, 1988). Sources of the results is as follows: A - original (high slope
algorithm) model, B ~ low-slope algorithm, C -~ peak-point algorithm, D ~ no
curve modification, E — low-slope algorithm with variable SST, F — peak-point
aigorithm with variable SST, G - low-slope algorithm, constant SST and
maximum wind, H - low-slope algorithm, variable SST and max wind.
Shading indicates negative residuals (observed less than model estimates);

horizontal line pattern indicates positive residuals (observed greater than
model estimates).
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Figure 4.16:
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Example of net change with introduction of variable SST (variable SST minus
constant SST). Dark shading represent areas in which an increase in
temperature was observed, light shading represent areas in which a decrease

in temperature was gbserved.
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Figure 4.17a-p: Plots of inversion heights at the upper air stations for the periods of the madel
runs (14-day runs). ‘Inversion height' is the distance from the ground to the

elevation of maximum temperature on the vertical temperature profile. Elevations
are in meters; contour interval is 100 m.
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Figure 4.17a-p: Plots of inversion heights at the upper air stations for the periods of the maodel
runs (14-day runs). ‘Inversion height’ is the distance from the ground to the
elevation of maximum temperature on the vertical temperature profile. Elevations
are in meters; contour interval is 100 m.
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Mean temperatures for the period 16 July — 29 July 1984. Model parameters
include "peak point" inversion removal, variable SST, and normal wind field.
model estimates).
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Figure 4.19: Mean temperatures for the period 16 July — 29 July 1988. Model parameters
include "low-slope" inversion removal, variable SST, and normal wind field.
model estimates).
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Observational Data

1974 - 1983

Original data structure

Original data structure consisted of 10 files, one file per year, each possessing several thousand 80 -
column lines. Each line represented one observation from one camp at one time interval. Observations of

individual elements are not coded with decimal points and ne

gative signs are coded as *1". The coding of a line

is as follows:

Table AP- 1: Structure of original data sets, 1974 - 1983 period.
Columns Element
1-4 PCSP station identifier
5-6 year
7-8 month
9-10 day
11-12 local time
13-14 universal time
15-18 visibility
19-20 first weather element
21-22 second weather element

| 23-24 third weather element

25-27 station pressure
28 -30 dry buib temperature
31-33 dew point temperature
34-35 wind direction
36-37 wind speed
38 -40 altimeter setting
41 -42 total cloud cover (in tenths)
43-44 cloud cover of cloud layer #1
45 - 46 cloud type of cloud layer #1
47-49 cloud height of cloud layer #1
50 -51 cloud cover of cloud layer #2
52-53 cloud type of cloud layer #2
54 - 56 cloud height of cloud layer #2
57 - 58 cloud cover of cloud layer #3
59 -60 cloud type of cloud layer #3
61-63 cloud height of cloud layer #3
64 - 65 cloud cover of cloud layer #4
66 - 67 cloud type of cloud layer #4
68 -70 cloud height of cloud layer #4
71-73 maximum temperature (previous 12-hr period)
74 -76 minimum temperature (previous 12-hr period)
77-79 precipitation
80 _pressure tendency
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An example of the data in this format:

003474080107 0300 295 39 3634050400504010000104004 057036
003474080110 1600 288 46 373603038010118250
003474080113 1600 274 51 4211020340201182500118280

003474080116 1600
003474080119 1600
003474080122 1600
003474080207 1600
003474080210 1600
003474080213 1600

257
240
220
166
149
139

53 4310050290403112000110250

49 420907024050109080020812001181800110200

46 41000001807010810005091200118180

43 4100000020908081000109120 053038
47 38200799707050808001091000118200

51 41161099408040808003051200118200

The files had random numbers of extraneous characters, specifically ASCI! code 127, introduced at the beginning
of each line, a result of the transferal process to PC from mainframe. Before processing by SAS the files needed
the extraneous characters removed. This was done in Quattro for DOS using a search and replace.

The files were then read into SAS using BIG-READ.SAS. Another program, YEARREAD.SAS, was derived from

BIG-READ.SAS as a macro-free, simplified variant for purposes of reading single years only.

Table AP- 2: SAS programs to deal with data from the 1974 — 1983 period.

| Program name Function
BIG-READ.SAS Sequential text file reader. Will read in an entire series of identically
structured data files provided they possess names that have a numerical
increment of some sort, e.g., filel.bd, file2.0, file3.txt. Basic program
structure, with suitable modification to the INPUT statement, can be used
for reading any series of text files that possess identical structure and
sequentiaily numbered filenames.
YEARREAD.SAS Reads single years in the 1974 - 1983 group. Inputs text file and outputs
re-arranged text file and SAS dataset.
1984 - 1986
Original data structure

Data for this period were only available in an Atmospheric Environment Service archive format for hourty data,
HLYO1. This is a space efficient format that is not in an immediately useable form but which depends upon

formatting programs to prepare it for use.

Table AP- 3: Structure of original data sets, 1984 — 1986 period.

Columns Element
1-3 AES region identifier
4-7 AES station identifier
8-10 3 digit year vaiue
11-12 month
13-14 day
15-17 observed element (see Table AP-4)
18-23 data point
24 flag
18 - 24 one complete datum, repeated 24 times
Table AP- 4: Some element identifiers for 1984 -~ 1986 period data.
Identifier Climate element Format
Q72 visibility 0.1 kilometer
093 ice crystais (weather element) 1 or 0 (observed yes or no)
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073 sea level pressure 0.01 kilopascals
078 dry buib temperature 0.1 degree Celsius
156 wind direction 10's of degrees
Q76 wind speed Kilometers/hour
082 total cloud amount Tenths

108 cloud layer 1 amount Tenths

109 cloud layer 1 type code value, 0-16
110 cloud layer 1 elevation 30's of meters

These data were coded without decimal points or negative signs. Formatting for each climatic element was found
in an accompanying guide. The number 1 was used to represent the negative sign. For example, with reference
to the example of data in the original format listed below, the values for the occurrence of element 078, dry-bulb

temperature, on March 08, 1984, are both -39.0 degrees Celsius.

The files had random numbers of extraneous characters, specifically ASCII code 127, introduced at the beginning
of each line, a result of the transferal process to PC from mainframe. Before processing by SAS the files needed
the extraneous characters removed. This was done in Quattro for DOS using a search and replace.

An example of the data in the original AES HLYO1 format:

34010189440300072
24010109840300093
24010109640300073
3401010984030007¢
23401010984030015¢6
2401010964030007¢
24010109840300002
14010109640300208
24010189640300109
1401010%9840300110
14010189840309072
34010109640309100
24010109840309103
2401018964030%07)
34010189840309078
24010109840309156
3401010984030
34010309840309002
34010109040309200
24010109640109109
24010109848309110
24010189640209112
14010189640309212
340101098¢4030912¢
26016109040310072
34010109640310103
24010109640310073
24010109840310078
14010109840220156
2401010984021007¢
364010189040310082
340101898¢0310108
2401010904031010%
24010109440310110
24010109640111072
14010109040313073

1987 - 1993

400113
400400
000120
001390
sgoel
000026
000002
800002
000006
000302
0090e8
400000
900000
000030
001430
Q0e830
000039
000009
200002
000003
Q0101
900008
00000
000202
000111
Q00000
000130
001410
000024
00e00¢
000002
000002
909001
000101
00113
e00d10

Original data structure
Here is an example of the original data structure from 1987 - 1988:

900000
900000
990060
901190
900033
900012
900003
600003
900003
ecol0l
90000¢
900000
gogoa0
000070
001400
000027
900029
0c0010
400009
000016 -
900000
90000
000001
000103
008032
000000
[LLE] 1
001300
000067
9000412
900010
000010
0ga001¢
000000
000113
e00380
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The first step was a reading into Quattro Pro for DOS, formatting for the Unix system, outputting as an ASCI! text
file and concatenating with all other files for the same year.

Unix commands issued to clean the 1987 data file for input into SAS. These commands were issued after the
1987 station data were formatted and concatenated in Quattro. The same type of command sequence was also
issued for the 1988 data, although the specific text strings targeted were different.

grep [A-2,a-z] OUT87.PRN
#Search for any occurrences of non-numeric data (there should be none). If found, begin replacing any
occurrences with blank spaces.

sed 's/Missing/ /g' OUT87.PRN > OUT87.PRN.gedl
#Based on what the grep found begin issuing seds to remove extraneous text, replacing it with blanks to
hold the place of other data in the file. In the case of various manifestations of truncated longer words
start with the longest occurrences of the word and work through progressively smaller occurrences. In
this case the word ‘Missing’ was coded throughout two of the 1987 camp records but because of the
spreadsheet formatting, it was truncated to various manifestations from the full word down to a single
letter ‘M".

sed ‘'s/Missin/ /g' OUT87.PRN.sedl > OUTS87.PRN.sed2

sed 's/Missi/ /g' OUT87.PRN.sed2 > QUTS87.PRN.sed3

sed 's/Miss/ /g* OUT87.PRN.sed3 > OUTS87.PRN.sged4

sed 's/Mis/ /g' OUT87.PRN.sed4 > OUT87.PRN.seds

sed 's/Mi/ /g' OUT87.PRN.sed5 > OUT87.PRN.sed6

sed 's/M/ /g' OUT87.PRN.sed6 > QUT87.PRN.sed?

sed 's/TOPO/ /g' OUT87.PRN.sed? > OUTB7.PRN.sed8

sed 's/header/ /g* OUT87.PRN.sed8 > OUT87.PRN.sed9

sed 's/POFOFOG/ /g' OUT87.PRN.sed9 > OUT87.PRN.sedl0

grep (a-z,A-2] OUT87.PRN.sedl0
#0Once the seds have been completed re-run the grep, searching for any non-numeric characters that
may have been missed.

£flc
#Perform a directory listing in preparation to removat of the intermediate files created during the sed

rocess.
mv ou'rg'l .PRN.sed10 OUTB7.DONE

#Rename the final output file.
1s OUT87.PRN.s*

#Perform a directory listing using the same filters as will be used in the file remove, to make sure only the

desired files will be erased (safe Unix practice — once a file is removed in Unix it is gone).
rm OUT87.PRN.s*

#if the Is filter was okay proceed with the m command to remove the files.
£flt

#Perform another directory listing to make sure no unwanted files are left. It is very easy to rapidly
accumulate unwanted files from intermediate steps in a process; it is important to clean as you go.
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Station data

The original station information database is one that | input in 1994 from binders containing all original
field camp information sheets. This file did not contain AES identifiers, so a second database, the identification
cross reference station database, was input in December of 1997. Numerous programs in Unix and SAS were
written in the process of getting these data into a useable form as a SAS dataset. In several instances a program
was created, used and then modified when a better way of performing that task was discovered. All versions of
programs that saw use as working programs are presented here in order that the full process involved is
chronicled (i.e., no experimental/learning programs are included).

Identification cross reference station database

The fields present include station name, AES station identifier, PCSP station identifier, and, when
available, degrees of latitude, minutes of latitude, degrees of longitude, minutes of longitude. Observations in
each field for a single record are separated by one space. Here is an example of the original data file:

CORY GLACIER 2401009 201
CRANE CITY 240J017 182
CRESWELL BAY 2401018 15
CROKER BAY 240J018 283
CROOKED LAKE 240J0AH 235.1
CROOKED LAKE FISHERIES 240J0JQ 235.2
CUNNINGHAM INLET 2401019 49
DEALY ISLAND 250J0JR 158
DECCA GREEN1 2SOA0KO 202.1
DECCA GREEN2 250J020 202.2
DECCA GREEN3 240J0B0 202.3
DECCA GREEN4 240J0KO 202.4
DECCA MASTER1 2501021 203.1
DECCA MASTER2 24010B1 203.2

Where the first identifier is the camp name, the second identifier is the AES identification and the third identifier is
the PCSP number. Note the presence of spaces within the station name field and the fact that stations do not
possess names with the same number of words (the count ranged from one to six word in the name - ran the
script titlecnt.awk to determine the largest number of words in a station name).

Table AP- 5: Unix scripts to dea! with the station database.

| Program name Function
titecnt.awk Counts the number of words in the station identifier. This was important to
know how many times the underscore program should be run.
tittecnt.awk A second version that includes a means of displaying which files possess
the longest station identifiers.
under_score.awk Inserts an underscore character between words in the station identifier.

This version will only insert one underscore per line per run, thus if the
longest name is six words, the program will have to be run five times.

under_score2.awk improved version of under_score.awk. This version inserts all necessary
underscores on the first run. Does not require information supplied by
titiecnt.awk.

placer.awk Moadifies the structure of the station data file.

SAS will accept spaces within a character field if the data are arranged by column. If the data are not
arranged by column list input format must be used. In SAS list format, however, fields are delineated by spaces.
This would not be a prabliem if all stations had the same number of words in their names; each word could be
read in as a separate variable which could then be concatenated. However there are varying numbers of words
in each name, thus spaces appearing within the station name field must be removed so that the station name is
one continuous entity (string) that can be read into one variable. Although this could be done in SAS it is much
easier to prep the data using awk in a Unix script. It was decided to replace all spaces within a station name with
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an underscore character and to convert the underscores back to spaces within SAS. The awk script to insert the
underscore character is called under_score.awk.

Later modified under_score.awk to perform as many substitutions as necessary per line; new program is
called under_score2.awk..

This data file can now be read into a SAS dataset. The SAS program that reads in these station data and
removes the underscores from the name field is called readstns.sas.

Mapping station locations

Initial attempts to work with and map the station location data were performed in SAS using PROC GMAP. [t was
felt that using SAS in-house mapping packages would be a logical extension to work already being conducted in
SAS. The SAS program coasts.sas is the resuit. This line was abandoned and all mapping was consolidated in
IDRISI GIS, with SAS programs written to output datasets in IDRIS! format .

Station Extra
# byecomm.awk <filename> used to strip off comments that appeared after

# data fields. Script depends upon the fact that
# data fields contain numeric (and a leading -)
# and comments start with a non-numeric or -.
#

# David Atkinson, Jan 9, 1998
# Examples of Unix “awk” language - no, awk doesn’t stand for “awkward”, it stands for the

# last names of its developers: Aho, Weinnegar(?) and Kemigan. — I would suggest leaming
# PERL nowadays, instead of awk, if you are going to invest time in it.

awk '{
for (i=1;i<=NF;++i) {
if(i>3){
if ( $i !~ /~[0-9-)/ ) break
}
printf $i" "
}
printf "\n"
} st

# lastones.awk “manually” add underscore to three stn names that had numbers in them

awk '{

if (82 ~ /*"XMH/) {
printf $1" "$2"_"$3
for (i=4;i<NF;i++) printf " "$i
printf "\n"
}

else print $0

} 81

stations.doc write up in progress, place here
Work on Stations files

The original station database is one that I input in 1994 from the binders containing all original
field camp information sheets. This file does not contain AES identifiers, so a second
database was input in December of 1997.
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First station information database

The original datafile contains these fields: PCSP identifier, station name, latitude degrees, latitude
minutes, latitude seconds, longitude degrees, longitude minutes, longitude seconds, year, number of
observations, decimal latitude, decimal longitude, julian start day and julian end day. The observations within a
record are separated by one or more spaces. If there is more than one word in the satation name it is separated
by a single space. Not all fields possess observations for all records. Some observations possess a comments
field.

This dataset will serve as a backup to the second station database by providing positional information
and any missing stations. The following is an example of the unprocessed data set:

i34 Dyer Bay 76 8 121 49 ? 76.133 -121.817

174 Dyke Ackland 75 1 :75 45 1979 75.017 -75.750

53 Eastwind Lake 80 6 ) 8s 39 1977 80.100 -85.650

999 Eden Point ? ) ? 1976

999 Eglington Island 75 .;aJ 118 8 1974 75.883 -

118.133 .

54 Eides Fiord 77 25 86 26 1974 77.417 -86.433

173.1 Eidsbotn Fiord 76 9 ) 91 32 1975 76.150 -91.533

173.2 Eidsbotn Fiord 76 9 2.46 91 30 50 1580 76.150 -91.500

315 Ella Bay 81 6 ) 69 0 1984 81.100 -69.000

393 Emma Fiord ? ] ?

177 Erebus Bay 74 43 ’ 91 S0 1979 74.717 -91.833

379 Esayoo Bay 80 S0 ) 81 52 1985 80.833 -81.867

367.1 Eureka Sound 79 37 ' 84 50 1885 10 79.617 -84.833

367.2 Eureka (GSC) 80 0 ) 8s 56 1985 120 80.000 -85.933 - .

55 Expedition Fiord 79 55 90 35 Multi yr 500+ 79.417
-90.583

The datafile came from MS-DOS operating system. Before further processing it must be converted to a
Unix file structure by using the tr command to translate DOS carriage retumn/line feeds into Unix line feeds.
Executing the command
tr '\015' '\012' < DOS.file > Unix.file
will perform the conversion and
tr -s '\012' < Unix.file
will strip any occurrences of extra line feed characters.

Place underscores in the station names. This process was the same as described for the second station
information database. Again, the program was run until there were no more changes perfomed. The script _
under_score.awk also removed extra spaces.

Unmatched station names were then dealt with. under_score.awk was modified accordingly and run. In

all three cases unmatched stations occurred when one of the words in the station name was a number, such as
Camp 5 Creek.

The next step was to clean up the file. This consisted of removing extraneous spaces, question marks,
periods, the comments field and moving the name fields such that they all began at a certain column.

The first step to repositioning the second field was to determine the widest PCSP station number observation.
The awk command line
awk '{print length(S1)}' < filename | sort | unig -c

printed out a sorted list showing number of occurrences of each possible length value.
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output:
2

1
73 2
279 3
60 4
108 §
26 6

In other words, two stations have PCSP identifiers that consist of a one-digit number, while 73 possess two digit values.
The greatest length was 6. It was decided to place the beginning of the next field at least two blank spaces beyond
the widest observation in the first field, that is, at column 9. As a double check that the command was picking up on valid

data, various observations can be analyzed at random using the following awk command:
awk '{if (length($1) == 1) print $0}' < filename

to examine the lines possessing the shortest field $1 (i.e. one digit):

output:
S Abbott River 75 17 95 55 75.283 -95.917 Unissued
1 Brock Island ) 51 114 8 77.850 -114.133 -
and to examine the lines possessing 6 digits (the largest width):

awk *'{if (length($1) == 6) print $0}' < filename
output:
203.41  Decca Master 80 a8 95 24 80.800  -95.400
203.42  Decca Master 69 3 ' 0 18 69.550  -90.300
204.41  Decca Red 68 2.8 8s s 68.713  -65.633
204.42  Decca Red 81 ' ’ 9 57 $1.700  -91.350
118.41  Fort Conger 01 as 6 a8 1981 30 81.750  -64.800
118.42  Port Conger 81 35 ' 6 ss 1981 2 81.583  -64.917
118.51  Fort Conger 0 H ’ 64 53 1982 16 81.750  -64.082
118.52  Fort Conger 38 4 ’ 7 s 1982 6 81.750  -75.7%0
127.31  Freemans Cove 75 9 ’ 98 3 1979 14 75.150  -98.100
127.32  Preemans Cove 75 14 ’ 98 ] 1979 10 75.233  -98.083
127.33  Preemans Cove 75 14 ) 98 5 19739 . 75.233  -98.083
252.11  Gale Point 78 14 ) s 26 1982 0 78,233 -75.433
252.12  Gale Point II 7 26 ) 72 15 1982 . 77.433  -72.250
319.21  Hare Piord ') ] ' % 10 1985 0 00.667  -06.167
319.22  Hare Piord 80 a2 ) % 5 1985 18 80.700  -86.083
323.11  Idleut Peint 72 a2 ss 93 56 28 1984 1 72,700 -93.933
323.12  1dlout Point 72 a ) 93 s0 1984 6 72,717 -93.833
62.101  King Chrietian Island 7 as 101 s 1981 ' 77.756  -101.083
62.102  King Christian Island 7 as ) 101 2 1982 s 77.750¢  -101.033
381.11  Lightfoot River 0 n 30 92 15 1385 10 80.517  -92.250
381.12  Lightfoot River 80 4 ) 92 22 1985 12 80.667  -92.367
180.11  Lougheed Island 77 9 ’ 104 40 1979 2¢ 77.150  -104.667
180.12  Lougheed Island 7 0 ’ 108 38 1979 14 77.500  -105.633
224.21  Muskex Piord 76 37 07 10 1982 s 76.617  -87.500
214.22  Mmuskex Piord 76 « 30 a7 a 1982 30 76.683  -87.683

The scripts look like they have worked properly. The script to reposition the second field can now be run. It is an awk script
called placer.awk:

### placer.awk <filename> positions the second field at column 9

awk
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printf $1

for (i=1;i<(8-length($1));++i) printf ~ =
for (i=2; ic=NF; ++i) printf » *§i
printf "\a"

l51
output:

Note that two spaces have now been inserted between fields.

Second Station Information Database

The fields present include station name, AES station identifier, PCSP station identifier, and, when
available, degrees of latitude, minutes of latitude, degrees of longitude, minutes of longitude. Observations in
each field for a single record are separated by one space. Here is an example of the original data file:

CORY GLACIER 2401009 201

CRANE CITY 240J017 182

CRESWELL BAY 2401018 15

CROKER BAY 240J018 283 74 42 83 41
CROOKED LAKE 240J0AKE 235.1 72 34 98 34
CROOKED LAKE FISHERIES 240J0JQ 235.2 72 41 %8 S2
CUNNINGHAM INLET 2401019 49

DEALY ISLAND 250J0JR 1S8

DECCA GREEN1 250A0K0 202.1 73 22 104 36
DECCA GREEN2 2500020 202.2 71 29 104 21
DECCA GREEN3 240J0B0 202.3 81 49 950 38
DECCA GREEN4 240J0KO0 202.4 71 21 93 03
DECCA MASTER1 2501021 203.1 71 29 104 21
DECCA MASTERZ 24010B1 203.2 70 01 101 11

Note not all stations possess positional information.
Note as well the presence of spaces within the station name field and the fact that stations do not possess names

with the same number of words (the count ranged from one to six word in the name - ran the script titlecnt.awk to
determine the largest number of words in a station name).

titlecntawk:
#% titlecnt.awk
## count how many words are in the station identifier

awk ‘' {
counts=0
for (i=1;i<NF;ies) { if ($i !~ /°[0-9]/) count += 1}
print count

}' §1 | sort -u

output:

Oy e N

The addition of the line if (count == 6) print $0 will print out which stations possess the longest names:

#% titlecnt.awk
##% count how many words are in the station identifier
##% and print out those stations possessing 6 words in their name

awk ' {
count=0
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for (i=1;i<NF;i++) { if ($i !~ /*(0-9]/) count += 1}
if (count == 6) print $0
print count

}* $1 | sort -u
output:

OV e LN

MER DE GLACE (AGASSIZ ICE CAP) 240K6HR 116

SAS will accept spaces within a character field if the data are arranged by column. If the data are not
arranged by column list input format must be used. In SAS list format, however, fields are delineated by spaces,
thus spaces appearing within the station name field must be removed. Although this could be done in SAS itis
much easier to prep the data using awk. It was decided to replace all spaces within a station name with an
underscore character and to convert the underscores back to spaces within SAS. The awk script to insert the

underscore character is:

### under_score.awk <filename> inserts an underscore character
132 between the first two non-numeric fields,

(113 the assumption being that they are identifiers.

awk ‘BEGIN {counter=0}

i€ ($2 ~ /*[0-91/) {
printf S1
for (i=2; i<=NF; ++i) printf * =§i
printf *\n"

if (82 1~ /*{0-91/) {
printf $1-_"$2
for (i=3; i <= NF; ++i) printf " "§i
printf *\n"
counter += 1

END (# print a count of the number of conversions, so we know when to stop!
printf counter® changes made\n* > "/dev/tty" # this directs o/p to screen
P st

output:

LOWTHER_ICE_(II) 240268E 66.1 74 33 $7 10
LOWTHER_ISLAND 240268N 66.2 74 33 97 29
MACKAR_INLET 2402FSE 27
MACKINSON_INLET 2402F8F 120
MALLOCK_DOME 240BFQF 2

MARSHALL _PENINSULA 240KF86 133
MARVIN_PENINSULA 240KFQF 369
MAXWELL_BAY 240B68Q 375
MCCLINNTOCK_INLET 250KFHS8 243
MCKINLEY_BAY 240KFQQ 1358
MEIGHEN_ISLAND/ICE_CAP 2402F8R 67
MELVILLE_ICE_CAP 250K689 68
MER_DE_GLACE_(AGASSIZ_ICE_CAP) 240K6HR 116
MERCY_BAY 250K6H9 279

MIDDLE_ISLAND 2502693 324

MINTO_INLET 250K698 297

MOCKLIN_POINT 2502699 149

MOKKA_FIORD 240K699 69

MOUNT_BEAUFORT 2402702 143
MOUNT_BOMPASS 2502704 264

MUSKOX_BAY 2402712 233
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The script prints a count of how many conversions it performed. The count is used as a guide to know when to
stop. When the script performs 0 conversions, it has done them all.

This data file can now be read into a SAS dataset. The SAS program that reads in these station data and
removes the underscores from the name field is:

/* readstns.sas reads in AES station list ascii file, strips off
underscores and stores it in a SAS datafile.

David Atkinson
January 6, 1998.
./

/* specify LIBNAME and add libref to DATA name to make permanent */

DATA stations;
infile "/u/atkinson/sas/database/stations/stns.prn”
MISSOVER;
/* missover because not all stns have position data */

/* the colon for variable name forces a read until the first blank +*/
input name :$
AESID $§7.
D
LatD
LatM
LongD
LongM

format ID 4. name $35. ;

/* The underscores in the name field are necessary for
convenient SAS input variable coding, but they are
ugly for any sort of output. The following loop
replaces any occurrence of an underscore with a blank.

./
DO i = 1 to length(name);
if (substr(name,i,l)="_") then substr(name,i,l}=" ";
END;
/* ...and don't bother ouputting the counter. ¢/
DROP I:

RETURN;
RUN;

This puts the station database into a SAS dataset specified in the DATA statement.
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SAS Programs

SAS Program 1: BIG-READ.SAS

/o...----'tott."--.oo..-.-.--c'-.'--n.-oto.-nc-.o----on-'--'/

/* BIG-READ.sas is a Sequential Text File Reader. */
/* The initial screen prompts for the years to read in. ./
/* o/
/* Changes to the INPUT and PUT statements, as well as o/
/* to the DATA statement must be made manually. */
/° ./

/* Prog both ar g date properly and then reads in */
/* all cext files into SAS dataset. Program alsc performs o/

/* some QC processing by rejecting missing records and ./
/* extreme temperature values. It also substituces ./
/* negative values for teamperature values above 100. ./
L 2 -
” Y
/* D.2. Atkinson o/
/° July 22, 1997. o/

FALALIRITI I R LT Y] SeCCLLECIINTIINETLRITOIRIEICEICIVYOIIIOIICITIIRIRIRIOS/

LIBNAME PCSP */u/atkinson/sas/database/74-83/output’;
OPTIONS ERRORS » 10;

Vlet astarts7l;
tlet finishe73;

twindow reader colaorsgray columnss65 rowss30 icolumneiS irowe20
02 €2 *Good Morning, Human Master®
93 @5 °I humbly submit a *
#4 65 °"Sequential Text Pile Reader®
95 @S *for Your blessed use.*
97 05 °This slave was accessed on &sysday, &sysdate..®
19 @5 "Inter the start and finish years for your files, or*
910 €5 “accept the default values listed.®
813 @5 °Current etart year is 19°
€29 start 2 attrsunderline
#14 65 *and the current end year is 19°
@15 finish 2 attirsunderline
816 85 *Enter a new value if needed.*
817 @5 *ENTER acdvances to the next field.*

#25 @5 *Press ENTER to continue.*;
Sdisplay reader:;

Slet yr « &stare;
/** BEGIN DRFPINE MACROS; START WITH LAST CALLED DEFINED PIRST ee/
Smacro DSBUILD; /* 4th Combine each year's resultant dataset into one large DS*/
DATA PCSP.MAIN;
SIF &yT « &atart (STHEN
$DO;

SET PCSP.PCSP&yT;
sO; /® create the new dataset because it won't exist on the first run ¢/

SET PCSP.MAIN PCSP.PCSPeyT:
RETURN;

tmend DSBUILD;
Smacro READIN; /* 3rd o/
DATA PCSP.PCSP&YT: /* NOTE DOUBLE Quotes must be used ./
/* for external file refs with micrc vars */

INFILR */u/atkinson/sas/database/74-83/data/Bl9&yr..txt* MISSOVER:

INPUT @1 1D 4.
@S DATE DATETIMEll.
e18 VIS 4.
€22 wx1 2.
024 Wx2 2.
926 WX3 2.
28 SLP 3.
9311 DBTEMP 3.
€34 DEWTEMP 3.
937 WDIR 2.
@19 WSPD 2.

@41 ALTSET 3.
@44 TOTCLD 2.
46 CLDAMTL 2.
48 CLDTYPL 2. .
650 CLOMGT1 3.
853 CLDAMNT2 2.
€55 CoTYP2 2.
@56 CLDHGT2 3.
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[ 1]
62
[ 1]
67
69
[ 133
74
[t
€80
[ [ X}

2.
3.

3.
3.
3.
3.
3.

IF DBTEMP > 100 THEN

IF DETEMP > 200 THEN DBTEMP =

ELSE DBTEMP = -1°(DBTEMP-100)}:

IF DEWTDMP > 100 THEN
IP DEWTEMP > 200 THEN DEWTEMP » .;

ELSE DEWTEMP = -1° (DEWTEMP-100);

/* reject extreme tewperature values °*/

pi g

/* This checks that there is an cbeervational record accompanying the -uv.ion

ViSe. AMD
AND WSPDe. AND ALTSET=. AND TOTCLDe. AND CLDAMTle. AND CLDTYPle.

AND CLDMGTie. AND CLDAMT2e. AND CLDTYP2e. AND CLDHGTZs. AND CLDAMTIa=.

SLP=. AND DBTEMP=. AND DEWIEMPs. AND WDIRe.

AND MAXTEMP=. AND MINTEMPs. AND PRECIPa. AND PTENDCYe. THEN RETURN;

identification and date header. If not then throw it out.e/

/* These folling two lines also create & text file that is
identical to the SAS datafile ./

FAd €ile */u/atkinscn/sas/text.cp.test’; ./
/* put _infile_;

RETURN
taend RRADIN:

tmacro DSTRPER;

PROC PORMAT;

/* ind Rearrange the data, throw out missing dates, correct any missing

VALUR MON (DEP

TN
ey
AR
‘APR?
Y
oqon
OMI
“ADG*
'ml

BB DAV WL
[ B B N B B I B

10 = ‘*OCT*
11 « 'NOV*
12 « *DRC’

UM

DATA _NULL_:

¢/

OCT times and rewrite in a form that SAS can handle. ¢/

AULT»3)

INFILE 7/u/ntkmm/nl/utmle/74-l:\ldan/usyz..:x:' MISSOVER SHAREBUPFERS;

INPUT

[ 23

[ 3

[

*

[ 258
[ 2]
0ns
[ 2% ]
021
[ -3
[ 33
[ 1]
[ 253
04
[ 213
[ 21}
™l
43
[ 13
"7
50
[ >3
54
57
[ 11
61
[ 1)
66
[ 1}
e
74
77

ID
WONTH
YEAR
DAY
LOLTINE
UCTTIME
vis

w1

wx3

w3
STUPRESS
oeTENP
DEWTINP
WDIR
WSPD
ALTSET
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@80 PTENDCY

IP ID =. AND MONTH ». AND YEAR =. THEN RETURN;
/* ditch any blank lines ¢/

IF LCLTIME NB . AND UCTTIME o . THEN UCTTIMESLCLTIMEeS;
IP UCTTIME = 24 THEN UCTTIME « 00;

IP UCTTIME > 24 THEN DO;
UCTTIME « UCTTIME-24;
DAYsDAYel;
DiD;
DROP LCLTIME;
PILE */u/atkinscn/sas/database/74-83/data/Bl9&yT..txe";

PUT e ID

@S DAY 2. -R

@7 MONTH MON3 . /* format defined above */
010 YRAR

12 ‘¢

€13 UCTTIME 2.

15 °:00'

el18 VIS 4. -R

022 wWx1 2.

024 WX2 2.

026 WXy a.

€39 STHPRESS 3.
@32 DETEMP 3.
935 DEWITEMP 3.
€37 WDIR 2.
€39 ¥WSPD 2.
@42 ALTSET 3.
@44 TOTCLD 3.
46 CLDANTI 2.
o8 aQDTYPY 2.
€50 CLDHGT1 3.
53 CLDANT2 2.
55 QLDTYP2 2.
€57 CLDHGT2 3.
060 CLDANTI 2.
@62 CLDTYPY 2.
@64 CLDHGCTI 1.
067 CLDAMTS 2.
9 QADTYP4 2.
071 CLDMGT4 3.
074 MAXTEMP ).
77 MINTENP 3.
680 PRECIP 3.
03 PTRMDCY 3.

RETURN ;
tmend DSTEPER;

tmacro mainmac;
tdo twhile (&yT < Seval(6finishel});
CSTEPER

L
TAd SREADIN
WDSIUILD
o/ SLET yr o SEVAL(&YyT + 1); /° incTemant the year value for the filenames °*/
tend;

tmend mainmac;

tmainmac

SAS Program 2: YEARREAD.SAS

/."..'0.'."'."'.'"'..."."!..'."'"....O.I.;I'.'..t"ll/

/* YEARREAD.sas reads single PCSP files for the years */
/* 1974 to 1%01. Years must de changed in the program. ./
IAd */
/* Prog both arranges date properly and then reads in o/
/* all text files into SAS dataset. Program alsc performas */
/* some QC processing by rejecting miseing records and ./
/* extreme tewperature values. It also substitutes ./
/* negative values for temperature values above 100. ./
IAd ./
I ./
/* D.E. Atkinson ./
/* Bovember 4. 1997. ./

/o0 Ee000800E00R000000RNENETRNNNRORIRIRRRRSRCRRVOIOSRNSE/

LIBMAME PCSP '/u/atkinscn/sas/database/74-83/cutput’;
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OPTIONS ERRORS » 10;

/* 2nd Rearrange the data, throw cut =issing dates,

UCT times and rewrite in a form that SAS can handle.

RUN;

DATA _NULL_:

INFILE */u/atkinscn/sas/database/74-83/data/1973.txe® MISSOVER;

INPUT [ 23
[ -3
L
[}
[ 293

28]
09s
[ 28]
21
«Q)
[ 33
[ 1]
[ =2%
04
06
[ x1]
[ L BN
[ k]
[ 1
™7
50
*52
[ -1}
57
59
61
[ 1]
066
[, 1]
e«
74
L el
80

PRECIP
PTENDCY

["RSE R NN N )

VU WWNNWRNNEBNN WD OENN

correct any missing

./

/* The last clu;ut, pressure tendency, does not have a fixed width specified. This format causes SAS to look at column 30 and grab

whatever is thers, no matter its length.
Tead becaugse it was grabbing the end of line characters. This may have been

I found that if & fixed width was epecified for this last element, that SAS would screw up the

eomething to do with SAS Unix having trouble with the text files coming from the PC envircoment, where and end of line has a CR and LF; Unix
just has an LPF.

¢/

IF ID «. AND MONTH «. AND YEAR =. THEN RETURN:
/¢ ditch any blank lines ¢/

IF LCLTIMRE WE . AND UCTTIME o . THEN UCTTIMEaLCLTIMRS:
IF UCTTIME « 24 THEN UCTTIME = 00;

I? UCTTIME > 24 THEN DO;
UCTTIME « UCTTIME-24:
DAYaDAYsl;

OROP LCLTIMK:

PILE */u/atkinscn/eas/database/74-83/data/1971B.txt*;

PUT e ID

oS DAY zZ2. -R
@7 MONTH MONJ .
@10 YRAR

12 *:-

@11 UCTTIME 2. -R
o115 *:00°

@18 VIS Z4. -R
€12 WX 2.

@24 WX3 2.

026 X3 2.

€29 STHPRESS ).

@32 DETEMP 3.
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@3S DEWNTRMP 1.
938 WMDIR 2.
040 WSPD 2.
@331 ALTSET 3.
45 TOTCWD 2.
847 CLDAMITY 2.
49 CLDTYPL 2.
€51 CLDHGT1 3.
€54 CLDAMT2 2.
056 CLDTYP2 2.
€58 CLDHGT2 3.
@61 CLDANTI 2.

#6S CLDHGT] 3.
@68 CLDAMT4 2.
970 CLDTYP4 2.
€72 CLDHGT4 3.
7S MAXTENP 3.
€78 MINTDP 3
e81 FRECIP 3
984 PTENDCY 3

RETURN ;
OATA PCSP.PCSP73;
INPILE °/u/atkinson/sas/database/74-83/data/1971B.txt® MISSOVER;

INPUT @1 ID 4.
@5 DATE DATETIMB13.
o148 Vis 4.
€22 2.
24
a6
e1s
02
s
[ 2]]
40
[}
™5
™7
[ 3]
[ .29
[ 1]
56
[ 1]
61
@63 CLDTYP)
@65 CLDHGT)
068 CIDANTS 2.
070 QADTYM4 2.
€72 CLDHOT¢ 3.
@75 KAXTENP 3.
@78 NINTEMP 3.
681 PRECIP 3.
e84 PTRNDCY

»

LI (G

IF DETEMP > 100 THEN
IF DOTEMP < 200 THEN DETEMP » -1°(DBTENP-100);

Ir DEWTENP > 100 THEM
IF DEWTEMP < 200 THEM DEWTEMP « -1¢ (DEWTEMP-100);

/* convert temperature values from 100 to negative */
IP VISe. AND STHPRESS . AND DBTENPe. AND DEWTEMPe. AND WDIRe. AND WSPDe. AND ALTSETe. AND TOTCLD=. AND CLDAMT1e. AND
CLDTYPle. AND CLDHCT1a. AND CIDAMT2s. AND CLDTYP2e. AND CLDHGTZ2e. AND CLDANTI=. AND CLOTYP)e. AND CLDHGT3e. AND
QOANT4e. AMD CLDTYP4s. AND CLDHCT4=. AND MAXTEMPs. AND MINTEMPa. AND PRECIPe. AND PTEMDCYes. THEN RETURN;
/* This checks that there is an cbeervational record accompanying the station identification and date header. ¢/

/* These folling two lines aleo create a text file that is

identical to the SAS datafile e/ -
/* file ‘/u/atkinson/sas/text.cp.test’: o/
FAd put _infile_; ./
RETURN ; RUN; QUIT;

SAS Program 3: READSTNS.SAS

/* readstns.sas reads in AES station list ascii file, strips off
underscores and stores it in a SAS datafile.

David Atkinson
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January 6, 1998.
s/

/* specify LIBNAME and add libref to DATA name to make permanent @/

DATA stations;

infile "/u/atkinson/sas/database/stations/stns.prn*
MISSOVER;

/* missover because not all stns have position data */

/* the colon for variable name forces a read until the first blank.
This conveniently deals with variable length data. ¢/

input name :$
AESID $7.
ID
Latb
LatM
LongD
LongM

v

format ID 4. name $35. ;

/* The underscores in the name field are necessary for
convenient SAS input variable coding, but they are
ugly for any sort of ocutput. The following loop

replaces any occurrence of an underscore with a blank.
./

DO i = 1 to length(name);

if (substr(name,i,l}="_") then substr(name,i,l)=" *;
END;

/* ...and don't bother ouputting the counter. */

DROP I;
RETURN;
RUN; QUIT:;

This puts the station database into a SAS dataset specified in the DATA statement.

SAS Program 4: coasts.sas

VALY

Coasts.sas reads in coastlines.vec file and
writes & sas wapfile dataset for GMAP. The
original file wvas created by IDRISI and its
scurce is the GSC Bedrock Geology CDROM.

SAS is sensitive to carriage return characters;
anytime a file comss from DOS run the command line
* er -d '\015°' « dosfile > nev.unix.file °* to
correct 80 SAS can read.

DE Atkinson May 12, 1998.

LY

data coasts;
infile °*-/sas/database/statiocns/coastlines.vec®;
input first e;
retain segment id;
keep id segment x y:
if firat > 0 then do;
segmentsfizrst;
idesegment:
Teturn;
end;
xefirst:
input €26 y:
output; .
return;
Tun;

qQuit;
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/ovecnssscsneesseecsvventosrvrnssecrentesetcceseene/

/* ./
/* READ84.sas to read AEBS HLYO! format data. °*/
/* Por the year 1984 in particular. o/
IAd o/

/* This reads in region, staticn number, year, °*/
/* wonth, element, and data values and flags ./

/° for each hour. This program organizes ./
/* the data into 26 columns, cne for each ./
/* element, using one row for each hour. */
/* e/
/*  ldentical text file and SAS DS generated. ./
. .
7 -
/* DEC 15, 1997 o
/* D.E. Atkinsen. ¢/
A ./
IAd ./
/.'.I.....‘..I....'.'.."...I..."'.'l..'l.I'...'../
/* Program cperates in several steps: ./
A ./
/* 1) first DATA step initiates a DO loop ./
A that reads across each line of input ./
/* and writes out to & text file one line */
A of output for every observation epoc ./
IAd of every element, vhether or not a datum ¢/
/* is present. Extra informatiocn is written ¢/
/° to construct a date/time field that SAS ¢/
/* can handle. Note the use of a user o/
IAd defined format, MONW. ./
IAd The IF scatements dealing with MONTH and ¢/
TAd OAY are to drop inappropriate the 3let of ¢/
IAd months that do not have them and to drop ¢/
TAd Peb 29, 30 and 31 for normsl years and ./
TAd Fed 30 and 311 for leap years. The ./
A origizal HLYOl data has )1 value spots ./
/® for all months; such missing days are o/
IAd problematic in time series analyses and ¢/
IAd the non-existant dates confuse SAS. */
A ./
/* Trace precip values are assigned $888; ./
/* actual missing values are assigned 9999. ¢/
/® 2) A temporary SAS dataset is created in the ¢/
/ image of the text file of the first step. ¢/
A The main reascn for doing this is to ¢/
/* give SAS a proper date field. This DS ./
IAd is then sorted by Staticn, Date/Time ./
/* and element using PROC SORT. ./
/* 1) The sorted SAS ds is written to a text ./
/° file. ./
IAd */
IAd */
IAd */
TAd ./
/!. eeee ..l"'..'l.."'/

LIBNAMR PCSP '/u/atkinscn/sas/database/84-86/data’;

PROC FORMAT;
VALUB WON (DEPAULTe3)
"IAN"
lmt
R
APR®
HAY
" UM
v
"ADG"
'SEP*
10 = *oCT*
11 e wovr
12 « 'DEC’
OTHER « * °

VBV NS W~
[ O I O N I )

VALUE RAIN (DEFAULT=2)
le°21"
3-°22°
3e*2)
OTHERe'®

VALUE RAINSHOM (DEFAULTe2}
le'6l*
2e'62
3e'63°
OTHER~' °

VALUE DRIZZLE (DEFAULT»2)
1='31"
2a'32°
3e’33°

OTHER-'

VALUE ZRAIN (DEPAULTe2)
1s°25°
2026
Jar27
OTHER=" *

VALUE ZDRI2ZZLE (DEFAULT»2)
1='35°
2e°36°
3737
OTHER=' *

VALUE SNOM (DEFAULT2)
le'1l’
2712
3er13
OTHER=® *

VALUE SNOWGRAN (DEFAULT2)
1e'15°
2='16°
Jer17
OTHER="

VALUE ICECRYS (DRPAULTe2)
1e'05°
OTHERe® *

VALUE ICEPRLLT (DEFAULTe2)
1='51"
2»°52°
Ja’53’
OTHER=' *

VALUR WICEPELT (DEFPAULTe2)
1='85"
2='56"
57
OTHERe® *

VALUE SNOWSHOW (DEFAULTe2)

1='4S"
246"
Jmta?
OTHERe® *

VALUE SNOWPELT (DEFAULTe2)
le'al’
2ev42°
Jerad
OTHERe* °

VALUE HAIL {DEPAULT«2)
1='6S"*
2='66"
le'67"
OTHERe* *

VALUE POG (DEFAULT#2)
le‘ol®
OTHERe" *

VALUE ICEFOG (DEPAULT=2)
1e'02"
OTHER=* '

VALUE SNOKE  (DEFAULTe2)
1e'06"
OTHER=* °

VALUE HAZE {DEFAULT=2)
le'Q7*
OTHER»' °*

VALUE BLOWSNON (DEFAULT«2)
1='03’
OTHERs* *;
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VALUE BLOWSAND (DEPAULT=2)
let68°
OTHER=* '

VALUE BLOWDUST (DEFAULTe2)
1=°04"

VALUE DUST {DEFAULTe2)

nun;
DATA _NULL_;

INFILE ‘/u/atkinscn/sas/database/84-86/dara/pcspy8s.prn’

MISSOVER SHAREBUFPERS PIRSTOBSs9964:
ATIRIB REGION  FORMATs3.
ATTRIB STN LEDIGTH=$4
ATTRIB YEAR PORMATe] .
ATTRIB MONTH PORMAT=2.
ATTRIB ELEMENT FORMATe].
ATTRIB VALUR PORMATa6 .
ATTRIB FLAG LDIGTHeS$1
ATTRIB HOURNUM PFORMATs2.

9 YEAR 2.
@11 MONTH 2.
€13 DAY 2.

015 ELEMENT 3. @

DO HOURNUM=1 TO 24;
INPUT @{ (HOURNUM-1) *7+18) VALUER 6.
G (HOURNUM-1) *7+18+46) FLAG S1. @ ;

IF FLAG='T* THEN VALUE=8888;
IP FLAG='M' THEN VALURs.: /* ditch misesing data ¢/

IF (MONTHe09 OR MONTH=04 OR MONTH=06 OR MONTHell)
AMND (DAYe3l) THEN RETURN;

IF (MOMTH=02 AND DAY GE 29 AND
(YRAR NOTIN (92,88,04,80,76,72,68,64,60,56,52,48))}
THEN RETURN;

BLSE IF (MONTH=02 AND DAYe)Q) THEN RETURN:

FILE *‘/usr/locall/aes/pcaptest.ext’;

PUT o1  REGION
@S SN $
@13 DAY 2. -R
@15 MONTH MOM3. /* format defined above ¢/
918 YRAR
€20 *:*
@21 HOURNUM
@23 ':00°
020 KLEMENT ). -R
912 VALUX 6. -R

RUN;

/e

o/

¥New library assigned b prog put was
exceeding the limit of /usc/tmp (/var/tep), set
at 32MB. Temporary output is directed to /usr/local2
with more space available. DATA steps submitted cne
4t a time To ensure /var/tup does not get overloaded.

libname PCSPTEMP '/usr/local2/aes/SAS’;

DATA PCSPTEMP.Y1984b;

INPILE '/usr/local2/aes/pcsptest.txt’ MISSOVER;
INPUT STN § 1-9
813 DATE DATETIMEl].
RLEMENT

VALUE

RETURN ;

UN ;

PROC SORT DATA«PCSPTEMP.Y1984b;

Y STN DATE RLEMENT;
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DATA _NULL_;
SET PCSPTEMP.Y1964b;
PILE '/usr/local2/aes/pcsptest.gort’;
PUT STN DATRE RLEMENT VALUR:
RETURN;
RUN;

DATA _NULL_;
IKPILE ‘/usr/local2/aes/pcsptest.sort® MISSOVER;
ARRAY VAL{44}:

/* Assign the first OLDDATE value - perform only on the °*/
/* first iteratica of this DATA step. */

IF _N_el THMEN DO;
INPUT RGN STN SCHAR4. DATE o:
OLDOATE~date;
OPFLAGsl; /* met high to start 1st output */
DD;

/* Check for the occurrence of a new date. */
/* If it is a new date, then set up a new output line ¢/
/* and restart the loop that reads through the elements °*/

INPUT @1 RGN STN $ DATE @; /* read first paramseters for */
/* testing purposes °*/
IF DATE NB OLDDATE THEN DO;

OLDDATR=DATR
OPFLAGe1;

PILE '/usr/locall/aes/pespteat.fin’; /°* new output line */
PUT;

nD;

INPUT @1 RGN STN S DATR ELEM O

SELECT (ELEM) ; /* convert element numbers °*/
WHEM(71) BELEM « 1;
WHEN(72) BELEM o 2; /¢ to useable array subscripts */
WHEN{7]) BELEM = 3;
WHEN(74) BELEM = 4;
WHEN (7€) BELEM « 5;
WHEN(77) BELEM » 6
WEN{78) BELEM =« 7;
WHEM{79) BELEM « 8:
WHEN(00) BELEM « 9;
WHEN(82) BRILEM - 10;
WHEI(86) BELEM « 11;
WHEN (87) BELEM « 12:
WHEN (86) BELEM = 13;
WHEN(89) BELEM « 14;
WM (90) BELEM « 15;
WHEM (51) BELEM « 16:
WHEM (92) BELEX « 17;
WHEM(9)) BELEM « 18;
WUEN (94) BELEM = 19;
WHEN (95) BELEM = 20;
WHEM (9¢) BELEM « 21;
WHEN(97) BELEM « 22;
WHEN(98) BELEM « 2);
WHEN (99) BELEM = 24;
WHEN (100) BELEM « 25;
WHEN (101) BELEM « 26:
WHEN (103) BELEM « 27;
WHEN (103) BELEM « 28;
WHEN (104) BELEM « 29;
WHEN (105) BELEM o 3G:
WHIEN (106) BELEM = 131;
WHEN(108) BELEX « 12:
WHEN (109) BELER « 33;
WHEN(110) BELEM = 34:
WHEN (112) BELEM « 1S5;
WHEM (113) SELEM = 36;
WHEX(114) BELEM « 17;
WHEN (116) BELEM « 18;
WHEM (117) BRELEM « 19
WHEN(118) BELEM « 40:
WHEN (130) BELEM « 41;
WHEN (121) BELEM « 42;
WHEN (122) BELEM o 43;
WHEN (156) BELEM o 44
OTHERWISE:

END;

INPUT VAL(BELEM}:

IF OPFLAG THEN DO:
PILR */uszr/locall/aes/pceptest.fin’;
PUT RGN STN SCHARS. -L
OLDOATE DATETIMEl).
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OPFLAGe0;
DD;

IF VAL{BELEM}e’ * THEN DO; /°* Use proper missing tag. ¢/
VAL{BELEM}=.;
BND;

IF BLEM=78 OR ELEMe74 THRN DO: /* convert 1 to negative for Temp */
IF VAL{BELEM} > 999 AND VAL{BELEM} NE 9399 THEM DO;:
VAL{BELEM} = (VAL({BELEM}-1000} * -1;
ND;
END;

FILR '/usr/locall/aes/pcsprest.fin’;
PUT O((BELEM-1)*Se26) VAL{BELEM} e:

RETAIN OLDDATE DATE:
RETURN;
RUN;
DATA PCSP.Y1984b;
INFILE '/usr/locall/aes/pcsptest.fin’ MISSQVER;

/** REFER TO PINK MANUAL POR FURTHER CODING OF HLYOL DATA e¢¢/

INPUT @S SN § 4.
€10 DATE DATETINE1].
0s CIG S. /* HLYOl 71 ceiling ./
e31 VIS 5.1 /® HLYOL 72 0.1 m ./
036 SLP S. /* HLYO1 73 0.01 KPa ./
o4l DEWT 5.1 /® HLYOL 74 0.1 C ./
/* mot included */ /® HLYOlL 75 pre 1970 wind dir ¢/
™6 WSPD 5. /* HLYOL 76 m/hr o/
51 STNP [ /* HLYOL 77 atation pressure ¢/
956 OBTDMP S.1 /* HLYO1L 78 0.1 C o/
@61 WATEMP S.1 /* HLYOL 79 wet bulb temp s/
66 M 5. /* HLYOl 80 relative humidity ¢/
/* not included */ /* HLYOL 81 total opacity ./
@71 TOTCID S. /* HLYOL 62 ctenths ./
/* not included ¢/ /e HLYOl 63 WX indicator */
/* not included ¢/ /* HLYOL 84 tornado ./
/* not included */ /* HLYOL 85 thunderstorms ./
@76 WXR S. /* HLYOL 86 rain -, ,e ./
081 VXRW S. /* HLYOL 87 rainshowers -, ,+ */
086 WXL S. /* HLYO1 68 drizzle -, ,» ./
@91  MXZR S. /* HLYOl 09 frzng rain -, .+ */
96 WXL S. /* HLYOl 90 fring drzl -, ,+ ¢/
101 wWXS S. /* HLYOL 91 snow -, ,e o/
0106 WXSG S. /* RLYOl1 92 snow grains -, ,e */
0111 wXxic s, /* HLYOl 93 ice crystls y/a ¢/
o116 WX1P S. /* HLYOl %4 ice pellets -, ,+ */
0121 WXIpw S. /* HLYOl1 95 IP showers -, ,e °*/
9132€ wWXsw 5. /* HLYOl 96 snow show -, ,» ./
a131 wWxsp 5. /* HLYCL 97 asnow pellet -, .+ ¢/
@136 WXA S. /* HLYOL 98 hail -, ,e ./
0141 MXF 5. /* MLYOl 99 fog y/n ./
0146 WXIF S. /* HMLYO0l 100 ice tog y/n ./
0151 WXx S. /* HLYOl 101 ewmcke y/n ./
0156 WXH S. /* HLYOl 102 haze y/n ./
0161 WXBS 5. /* HLYOl 103 blowing snow y/a ¢/
9166 WXBN S. /* HLYOl 104 blowing eand y/a */
@171 MXBD S. /* HLYOl 10S blowing dust y/a ¢/
8176 WXD S. /* HLYOL 106 dust y/n ./
/* not included °/ /¢ HLYOl 107 layerl opacity ./
9181 CLDAMTY S. /* HLYOl 108 layerl cld amount */
@186 CLDTYP1 S. /* HLYOl 109 layerl cld type */
#1951 CLDHGT1 S. /* HLYOl 110 layerl cld height ¢/
/° act included ¢/ /e HLYOl 111 layer2 opacity ./
@196 CLDAMT2 S. /* HLYO1l 112 layer2 cld amount °*/
€201 CLDTYP2 S. /* HLYOl 113 layer2 cid type o/
0206 CLOHGT2 S. /* HLYOl 114 layer2 cld height ¢/
/* not included ¢/ /* HLYOl 115 layerl opacity v/
9211 CLDAMTI S. /* HLYOl 116 layer) cld amount °*/
9216 CLOTYP) S. /* HLYO1l 117 layerl cld type */
9221 CLDHGTI S. /* HLYOl 118 layer3 cld height */
/* not included ¢/ /* HLYQl 119 layerd¢ opacity ./
@226 CLDAMTA S. /* HLYO1l 120 layerd cld amount */
€231 CLDTYP4 S. /* HLYOl 121 layerd cld type ¢/
€236 CLDHGTS S. /* HLYOl 122 layers cld height ¢/
8241 WDIR /* HLYOl 156 tens of degrees ./
/° NOTE WDIR input CANNOT have a pre-defined width. ./
/* If it gets width S it is forced to read beyond ./
/* the EOL marker. It is thus reaching into ‘aull* ./

/* space and the MISSOVER option treats the value as ¢/
/* missing Decause it is not a proper value. Avoid o/
/* this problem by using a column positioner and ./
/* letting SAS gradb the data point up to the EOL mack. */

/* The other INPUT variables must have widthe specified’ ¢/
/* If not, because the original text file is written with ¢/
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/* spaces for missing data, an INPUT variable without & */
/* defined width will search until it finds more data. ./
/* no matter how many columns away it is. The datafile ¢/
/* the above sequence writes ocut if the field widths are */

/* not included has many recurrences of the same data ./
/* value as variable after variable reaches from its ./
/* positioned columm cver to the next available data ./
/* value. o/

FORMAT DATE CATETIME1C. /* cutput date in a palatable sanner ¢/
DBTEMP BEST¢.1
R RAINZ. /* Format various WX phenomena according */
WXRW RAINSHOWZ . /* to standard PCSP format */

DRIZZLE2.

ZRAINZ.

ZDRIZZLE2.

SNOw2 .

SNOWGRANZ .

uXIc ICRCRYS2.

wxip ICERPELLT2.

WICEPELTZ.

SHOWSHOW2 .

wXxsp SNOWPELT2 .

HAIL2.

POG2.

WXIFP ICEPOG2.

SMOKE2 .

HAZE2.

BLOWSNONZ .

BLOWSAND2 .

BLONDUST2 .

oIST2.

RERRE

B

&g

R

/* Combine weather phenomena observations into ¢/
/* a single string. Drop individusl wx vars. ¢/

DROP WMXR WXRW WXS WXSW WXF WXIC WXBS WXIP WXL WXZR WXZL
WXSC WXIP WXIPW WMXSP WXA MXK NXH WXBN WMXBD WNXD:

/* Remove cbeservaticns that possess no data. */

¢ 4 ViSe. AND SLPe. AND DBTEMPs». AND WDIRs.

WSPDe. AKD TOTCLDe. AND CLDAMT1s. AND CLDTYPle.
CLDHGT1e. AND CLDAMTZe. AND CLDTYP2s. AND CLDHGTZ2e.
CLDAMT)=. AND CLOTYPl=. AND CLDHGTle. AND CLDAMT4a.
CLDTYP4e. AND CLDHGT4=. AND WXR=. AND WXRWe. AND WXSe.
WXICs. AND WXSWe. AND WXFP=. AND WXIP=. AND WXBSe.
WXLe. AND WXZRe. AND NXAa. AMD WXZLe. AMD WXSGe,
WXSPe. AND MXENe. AND WXDe. AND WXBDw. AND WXIPs.
WXIPWe. AND WXK =. AND MXHe.

RETURN;

§EEEEEEE

/* and output them instead to a text file for later merging °/
PFILE '/u/atkinson/eas/database/84-06/data/WX’ ;

PUT STH $ 4.
DATE DATETIMEL].
WXR RAIN2.
WXRW RAINSHOW2 .
WXL ORIZZLEZ.
WXZR ZRAINZ.
wXZL ZDRIZZLE2.
s SNOW2 .
wXsSG SHOWGRAN2

WXIC  ICECRYS2.
WXIP  ICEPELLTZ.

B
-]
f
:

E
A

WXX

WXH

wXBs .
WXBN BLOWSANDZ .
WXBD

wXp

RUN;

res *e/
/** Compress the WX indicators e/

LIBMAME PCSP '/u/atkinson/sas/database/84-86/data’;

DATA PCSP.WX:
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e
VAL

INPILE '/u/atkinscn/sas/database/84-86/data/WX’;

INPUT STN § 1-4

DATA PCSP.PIN1984D:

MERGE PCSP.Y1984b PCSP.WX;

@5 DATE DATETIMEl].
WX § 18-59;
nwXxeCOmpTess {wx) ;
drop wx;
PILE */u/atkinscn/sas/database/84-06/data/WX.comp*;
PUT nwx 6. ;
RETURN;
RUN;
.e/
merge the datasets s/

RUN

QUIT;
/nt--'-.n-ac-.t.|tt-o.-unl-ttv't-ot-'c'n..co----to./
/° 1Y
/* READSS.sas to read ARS HLYOl format daza. °/
/* Yor the year 1986 in particular. ./
/* */
/* This reads in region, station number, year, ¢/
/* wmonth, element, and data values and flags ./
/* for each hour. Thie program organizes ./
/* the data into 26 columns, one for each */
/* element, using one row for each hour. o/
/* */
Al Identical text file and SAS DS generated. ./
- L]
I 7
/* DEC 15, 1997 o/
/* D.E. Atkinscn. ./
IAd ./
IAd o/
/...'..l...".l'.l'..'l'."".'.....'.".'.l"l."'/
/* Program operates in several stepe: v/
IAd ./
/* 1) Pirst DATA step initiates a DO loop ./
IAd that reads across each line of inmput ./
TAd and writes out to a text file one line ./
IAd of output for every obeervation epot e/
TAd of every eslemsnt, whether or not a datum ¢/
IAd is present. BExtra information is written ¢/
TAd to construct a date/time field that SAS ¢/
/° can handle. MNote the use of a user */
/* defined format, MOM. */
TAd The IF statements dealing with MONTH and ¢/
/* DAY are to drop inappropriate the Jlst of ¢/
/* months that do not have them and to drop ¢/
IAd Feb 29, 30 and 31 for normal years and ./
/* Fedb 30 and 31 for leap yeara. The ¢/
IAd original HLY01 data has 11 value spots ./
IAd for all months: such missing days are */
TAd problematic in time series analyses and ¢/
/* the non-existant dates confuse SAS. W4
g */
TA Trace precip values are assigned 8888; ./
/l* actual missing values are assigned 9999. ¢/
IAd 2) A temporary SAS dataset is created in the */
IA] image of the text file of the first step. °/
TAd The main reascn for doing thia is to ./
IAd give SAS a proper date field. This DS ./
/* is then sorted by Staticn, Date/Time ./
I and element using PROC SORT. ./
/* 3) The sorted SAS ds is written to a text ¢/
TAd file. ./
/e ./
IAd */
IAd ./
N ./

/ee0scsercenccessresisevreesesRsIeRRRPRLOIERRREISIIRSES )

LIBKAME PCSP °'/u/atkinscon/sas/database/84-86/data’;

PROC FORMAT:
VALUE MON (DEFPAULTe3)

*JAN*
TPER"
THRAR
*APR*
*MAY®
CJuN
*JUL*

AN WwN
[ I I B B O ]

8 - ADG*
9 « SRR

10 = rocT
1 - 'wov
12 « 'DRC
OTHER - ¢
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VALUE ICECRYS (DEPAULT=2)

lat0S®
OTHERa® *

OTHERe" *

VALUE BLOWSAND (DEPAULT=2)
le'68’
OTHER.' *

VALUE RAIN (DEFAULTe2} OTHER=' *
le'21 H
2.°'22" .
3a'23 VALUE SNOMSHOW (DEPAULTs2)
OTHERe* °* pUAY
H 2e'46"
] 3e'4T’
VALUE RAINSHOM (DEFAULTe2) OTHERe* *
le'6l’ H
2s'62°
363" VALUE SNOWPELT (DEFAULTs2)
OTHERe* * le'4q1’
: 242"
Je'43"
VALUE DRIZ2LE (DEFAULTe2} OTHER=* *
le*21 H
20°32°
Jery VALUE HAIL (DEFAULTa2}
OTHER»' °* 1e'65"
H 2='66"
Ja'67"
VALUE IRAIN (DEFAULTe2) OTHERe*® *
la'25 H
226"
Jer27! VALUE POG (DEFAULT=2)
OTHERe* * le01*
H OTHERe* '
VALUR ZDRIZZLE (DEPAULTs2)
le’35 VALUE ICEFOG (DEPAULTs2)
2e36' 1e'02° . -
37 OTHER=' *
OTHER»* °* * ;
VALUE SMOXE (DEPAULT=2}
VALUE SNOW (DEFAULTe2} le'06"
le*ll’ OTHRR»' *
=12 :
Ja’1d
OTHERs* * VALUE HAZE (DEFAULT=2)
H 1s'Q07°*
OTHERe* *
VALUE SNOMGRAN (DRPAULTe2) H
le'1lS?
2e°16* VALUE BLOWSNOW (DEFAULTe2)
a7 le'0l"
OTHERe* *

VALUR ICEPELLT (DEFAULTe2) VALUE BLOWDUST (DEPAULTe2)

1e'51° 1e'04°
2e52° OTHER=" *
Je'S3 :
OTHER="* *
H VALUE DUST (DEPAULT=2)
l='08°
VALUR NICEPELT (DERFAULT»2) OTHERe* °*
1e°55* ;
2e°56" un;
3a*S7* DATA _NULL_;
INPILE '/u/atkinscn/sas/database/84-86/data/pcepy8S.prn' MISSOVER SHAREBUFFERS:
ATTRIB REGION FORMATe3. ;
ATIRIB STN LENGTHaS4
ATTRIB YEAR FORMATs=]. ;
ATTRIB MONTH PORMAT=2.
ATTRIB ELEMENT FORMAT=3. ;
ATTRIB VALUR PORMATS6 .
ATTRID FLAG LENGTHeS1

ATTIRIB HOURNUM PORMATe2.
RETAIN REGION STN YRAR MONTH ELEMENT;

INFUT @1 REGION 3.
e STN $ 4.

9 YERAR 2.
011 MONTH 2.
€13 DAY 2.

€15 ELEMENT 3. @

DO HOURNUMel TO 24
INPUT @{ (HOURNUM-1}*7+18) VALUR 6.
@ ((HOURNUM-1) *7+1846) FLAC $1. @ ;
IF FLAGe'T* THEN VALUE~8088;
I? FLAGe'M' THEN VALURe.; /¢ ditch miesing data ¢/
IP (MONTHe09 OR MONTHeO4 OR MONTHe06 OR MOWTHell)
AND (DAY=31l) THEN RETURN:
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IF (MONTH=02 AND DAY GE 29 AND
(YRAR NOTIN (92,88,04.80,76,72,68,64,60,.56,52.48)))
THEN RETURN;

ELSE IF (MONTHe02 AND DAYe30) THEN RETURN;

PILE ‘'/usr/local2/aes/pcsptest.txt’;

PUT @1 REGION

o5 STN $

@913 DAY Z2. -R

O1S MONTH  MON3. /* format defined above */

@18 YEAR

€20 °:*

[ ~38

€23 °:00°

928 ELEMENT 1. R

@32 VALUE 6. -R
FLAG § 45

END;
RUN

/* d¥ew library assigned b program put was
exceeding the limit of /usr/tep (/var/tmp), set
at JIMB. Temporary output is directed to /usr/local2
with more space available. DATA steps submitted cne
at a time to ensure /var/tmp does not get cverloaded.

L)

/

libnase PCSPTEMP ‘/ust/local2/aes/SAS:;

DATA PCSPTEMP.Y1965;
INPILE °/uar/locall/aes/pcaptest.txt’ MISSOVER;
T SN § 1-9
€13 DATE DATETIMEL].
RLEDENT
VALUE

PROC SORT DATA«PCSPTEMP.Y1985;
BY STN DATE ELEMENT;
RUN:

DATA _NULL_;
SET PCSPTEMP. Y198S;
FILE */usr/locall/aes/pcsptest.sort’;
PUT STN DATE ELEMENT VALUE:

RETURN;

RUN;

DATA _MULL_ °

mrILE '/ur/local:lau/pcnpte-: sort' MISSOVER:
ARRAY VAL({44};

/* Assign the first OLDDATE value - perform only on the o/
/¢ tirst iteration of this DATA step. */

IP _N_e1 THEM DO;
INPUT RGN STN SQUARA. DATE O
OLDDATRedate:
OPFLAGel; /* set high to start 1st output °*/
D

/* Check for the occurrence of a new date. °/
/* It it is a new date, then set up a new output line ¢/
/* and reatart the loop that reads through the elements */

INPUT @1 RGN STN § DATE @: /* read first parameters for °*/
/* testing purposes */

IF DATE NE OLDDATE THEN DO;
OLDDATER«DATE:
OPFLAGs1;

PILE '/usr/locall/aes/pcsptest.fin’; /¢ new cutput line */

END;

INPUT @1 RGN STN § DATE ELEM @;

SELECT (BLEM) ; /* t element s */
WHEN(71) BELEM « 1;
WHEX(72) BELEM = 2; /* to useable array subscripts °*/
WHEM (73] BELEM » 3;
WHEN (74) BELEM « &; .
WERM (76} BELEM « 5;
WHEN(77) SELEM = §6;
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BELEM = 7;
WHEN(79) BELEM = 8;
WHEN(80) BELEM = 9;
WHEMN (82) BELEM « 10;
WHEN(86) BELEM = 11;
WHEN (87) BELEM « 12:
WHEN (88) BELEM = 13;
WHEN (89! BELEM « 14:
WHEN (90) BELEM « 15:
WHEM (91) BELEM < 16;
WHDN(92) BELEM = 17;
WHEN (93) BELEM = 18;
WHEN (54) BELEM = 19;
WHEN(9S) BELEM « 20;
WHEN (96) BELEM =« 21;
WHEN (97} BELEM e 22;
WHEN(98) BELEM = 2);
WHEN (99) BELEM « 24;
WHEN (100} BELEM « 2S;
WHEN (101) BELEM = 26;
WHEN (102) BEZLEM « 27;
WHEN (203) BELEM  28;
WHEN (104) BELEM = 29;
WHEN (105) BELEM = 10;
WHEN (106) BELEM « 31;
WHEN(100) BELEM « 12;
WHEN(109) BELEM = 13;
WHEM (210) BELEM =« 14;
WHEN(112) BELEM = 1S;
WHEN(11)} BELEM « )6
WHEN(114) BELEM « 37;
WHDI(116) BELEM « J3;
WHEN(117) BELEM = 39;
WHEN(118) BELEM « 40;
WHEN (120) BELEM = 41;
WHEN (2121) BELEM « 42;
WHI(122) BELEM » 43;
WHEN(156) BELEM « 44;
OTHERWISE:
0D;

PILE '/usr/locall/aea/pcsptest.fin’;
PUT RGN STN SCHARS. -L

OLDDATE DATETIMEL).

e;

OPFLAG=0:
oD;

IF VAL{BELEM]a' * THEN DO; /* Use proper missing tag. */
VAL{BELDM}=. ;
BD;

17 BLEMe78 OR ELEMe74 THEN DO: /* convert 1 to negative for Temp ¢/
IF VAL{BELEM) > 999 AND VAL{BELEM) NE 9999 THEN DC:
VAL(BELEM} « (VAL{BELEM}-1000) * -1;
IND;
no;

FILR '/usr/locall/aes/pcsptest.fin’;
PUT O((BELEM-1) *S+26) VAL{BEZLEM} @:

RETAIN OLDDATE DATE:
RETURN ;
RUN:
DATA PCSP.Y190S;
INFPILE */usr/local2/aes/pcsptest.fin’' MISSOVER:

/¢* REFER TO PINK MANUAL POR PURTHER CCDING OF HLYOL DATA ¢/

INPUT @5 SN § 4.

@10 DATE DATETIME11.

€26 C16 s. /* HLYO1 71 ceiling */
e31 VIS 5.1 /* HLYOY 72 0.1 im ./
@36 SLP S. /* HLYO1 73 0.01 KPa o/
41 DEWT 5.1 /* HLYOlL 74 0.1 C ./
/* not included °/ /* HLYOl 75 pre 1970 wind dir ¢/
@46 NSPD S. /* HLYOl 76 km/he ./
51 STNP S. /* HLYO1 77 station pressure */
56 OBTEMP 5.1 /e HLYOl1 78 Q.1 C ./
961 WBTEMP S.1 /* HLYQl 79 wet Dulb temp */
065§ RH S. /* HLYOl 80 relative huaidity ¢/
/* not included */ /* HLYOl 81 total cpacity ./
e71 TOTCLD S. /* HLYO1 82 tenths *f
/* not included ¢/ /* HLYOl 83 WX indicator e/
/* not included ¢/ /¢ HLYOl 64 tornado ./
/* not included ¢/ /* HLYOl 85 thunderstorms Y
76 WXR S. /* HLYOl 06 crain -, .o ./
81  WXRW 5. /* HLYOl 87 rainshowers -, ,+ °/
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986 WXL S. /* HLYOl 88 drizzle -, ,» ./
€91 WXZR S. /* HLYO1 89 frzng rain -, ,e ¢/
@96 WXZL 5. /* HLYO1 90 fring drzl -, ,« */
€101 WXs S. /° HLYOl 91 snow -, .« */
€106 WXSG S. /* HLYOl 92 snow grains -, ,+ ®/
0111 WXIC S. /® HLYOl 93 ice crystls y/n ./
€116 wWXIp S. /* HLYOl 94 ice pellets -, ,» ¢/
8121 WXIPW S. /* HLYOl1 95 IP showers -, ,» °*/
8126 MXSW S. /* HLYO1 96 snow show -, ,e o/
0131 WXSP 5. /* HLYOl 97 snow pellet -, ,+ ¢/
8136 WXA S. /* HLYOl 98 hail -, . */
0141 WXy s. /* HLYOY 99 fog y/n ./
9146 WXIF S. /* HLYOl 100 ice fog y/n */
9151 WXK S. /* HLYOl 101 smoke y/n ./
8156 WXH 5. /* HLY01l 102 haze y/n ./
0161 WXBS s. /* HLYOl 103 blowing snow y/n  */
@166 WXBN 5. /® HLY01l 104 blowing sand y/n ¢/
@171 MXBD S. /* HLYOl 1S blowing dust y/n ¢/
0176 WXD S. /* HLYO1l 106 dust y/n o/
/e not included ¢/ /¢ HLYOl 107 layerl opacity ./
9181 CLDAMTL S. /* HLYO1l 108 layerl cld amount ¢/
8186 CLDTYPL 5. /* HLYO1l 109 layerli cld type ./
@191 CLDHGTY 5. /* HLYO1 110 layerl cld height ¢/
/* not included ¢/ /* HLYO1 111 layer2 opacity v/
@196 CLDAMT2 5. /* HLYOL 112 layer2 cld amount °*/
€201 CLDTYPZ 5. /* HLYOl 111 layer2 cld type ./
0206 CLDHGT2 S. /* HLYOl 114 layer2 cld height ¢/

/* not included ¢/ /¢ HLYOl 115 layer) opacity ./
€211 CLDAMTS 5. /* HLYOl 116 layer) cld amount °*/
€216 CLOTYP3 5. /* HLYO1 117 layer3 cld type ¢/
€221 CLDHGT) S. /® HLYO1 118 layer) cld height ¢/
/* oot included ¢/ /* HLYOl 119 layerd opacity ./

€226 CLDAMTS S. /* HLYQ1 120 layerd cld amount °*/

0211 QADTYPS S. /* HLYO01l 121 layerd cld type ./

0236 CLDHGTS S. /* HLYO1l 122 layerd4 cld height ¢/

€241 WDIR /* HLYOl 156 tens of degrees ¢/
/* WOTE WDIR imput CANNCOT have & pre-defined width. ./
/* If it gets width S it is forced to read beyond */
/¢ the FOL marker. It is thus reaching into ’null’ ./

/° space and the MISSOVER opticn treats the value as ¢/
/° missing because it is not a proper value. Avoid */
/* this problem by using a column positicuer and ./
/* letting SAS grab the data point up to the EOL mark. */

/* The other INPUT variables sust have widths specified. ¢/
/* I¢ not, because the criginal text file is written with ¢/
/¢ spaces for missing data, an INPUT variable without a ¢/
/* defined width will search until it finds more data, ./
/* noc matter how many columns away it is. The datafile ¢/
/* the above sequence writes out if the field widths are ¢/

/* not included has many recurrences of the same data ./

/* value as variable after variable reaches from its ./

/* positioned column over to the next available data o/

/* value. ./
FORMAT DATE DATETIME10. /° output date in a palatable manner ¢/

DETEMP BEST4.)

WXR RAINZ. /* Pormat various WX phenomena according */

WXRW RAINSHOW2 . /* to standard PCSP format ¢/

WXL DRIZZLE2.

WXZR ZRAINZ.

wxzL ZDRIZZLE2 .

s SHON2 .

WXSG SNONGRANT .

wxic ICRCRYS2.
wxie ICRPELLT2.
WXIPW  WICEPELT2.

§

uxsp SHOMPELT2.

&8
g
2

wXIr ICRrOG2.

:EFEEE

/° Combine weather phenomena observations into ¢/
/* a single string. Drop individual wx vars. */

DROP WXR WXRW WXS WXSW WXF WXIC NXBS WXIF WXL WXZR WXZL

WXSG WXIP WXIPW WXSP WXA WXK WXH WXBN WXBD WXD;

/* Remove cbservations that possess no data. ¢/

Ir

VISe. AND SLP=. AND DBTEMPa. AND WDIR=.

AND MSPDe. AND TOTCLDe. AND CLOAMTle. AND CLDTYPls.

AND CLDHGTle. AND CLDAMT2e. AND CLOTYP2e. AND CLOHGT2e.
AND CLDAMTle. AND CLDTYP)a. AND CLDHGT3e. AND CLDAMTAe.
AMD CLOTYP4=. AND CLDHGT4e. AND WXR=. AND WXRWe. AND WXSa.
AMD WXICe. AND WXSWe. AND WXFe. AND WXIFe. AND WXBSa.
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/¢ and output them inatead to a text file for later merging °*/
FILE '/u/atkinson/sas/database/84-86/data/wX’;
PUT STN § 4.
DATE DATETIMEl].

S
:

WXIc  ICECRYS2.
WXIP  ICEPELLT2.
WXIPW  WICEPELT2.

|

a8
g
2

/oo e/
/** Compress the WX indicators es/

LIBNAME PCSP '/u/atkinson/sas/database/84-86/data’;

DATA PCSP.WX;
INPILE */u/atkinson/eas/database/84-86/data/wWx: ;
INPUT STN § 1-4¢

@5 DATE DATETIMEL3.
X $ 18-59;
TWR=sCONpTEsS (WX) ;
drop wx;
FILE ‘/u/atkinscn/eas/database/84-86/data/WX.comp’:
PUT awx 6.:
RETURN
RUN;
/'- e/
FAdd serge the datasets e/

BATA PCSP.PIN1SES;
MERGE PCSP.Y1985 PCSP.WX:

RUN;

QUIT:

/.I."'l"lIl-.l.l.".'.l!..'."..'..'..""."II"/
/* ./
TAd READE6.sas to read ARS HLYOL format data. ¢/
/* Por the year 1986 in particular. ./
/* Y

/* This reads in region, staticn number, year, °*/
/* w=onth, element, and data values and flags )

Al for each hour. This program organizes ./
/* the data into 26 columns, one for each ./
/* elemant, using one row for each hour. ./
IAd ./
/* Identical text file and SAS DS generated. ¢/
IAd ./
/l

IAd DEC 09, 1997
/* D.E. Atkinsom.

/eevsescesessvsceens

eeveervcnns

TAd Program operates in several steps: ./
I'
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YAl
VAl
VAl
YAl
/e
VAl
/e
rAl
Y&
I/*
YA
YAl
/*
/*
/e
VAl
YAl
YA
YA
g
/*
I
YA
YAl
/*
YAl
TAl
rAl
I
YAl
YA
/e
TAd

1) First DATA step initiates a DO loocp
that reads across each line of input
and writes out to a text file one line
of ocutput for every cbservation spot

of evegy element, whether or not a datum
Bxtra information is written
to construct a date/time field that SAS
Note the use of a user

is present.

can handle.

defined format, MON.

The IF statements dealing with MONTH and
DAY are to drop inappropriate the 3lst of
sonths that do not have them and to drop

Feb 29, 30 and 31 for normal years and

Fedb 10 and 31 for leap years.

The

original HLYOl data has 31 value spots
for all months; such missing days are

problematic in time series analyses and

the non-existant dates confuse SAS.

Trace precip values are assigned 18883;

actual missing values are assigned 9995.
A temporary SAS dataset is created in the
image of the text file of the first step.

2

The main reason for doing this is to

give SAS a proper date field.

This DS

is then sorted by Station, Date/Time

and element using PROC SORT.

3} The sorted SAS ds is written to a text

file.

./

/oeeecceccosssesnesverssnstesrsnersessestnevaserre/

LIRMAXE PCSP '/u/atkinscn/sas/database/84-86/data’;

PROC PORMAT;
VALUE MON (DEPAULTe))

IAN°
‘rEB"
AR
APR
Ay
JUN°
"L
AUG*
‘sEp
10 « ‘ocT
11 = *NOV'
12 = *DEC’
OTHER - ¢ °

CBIANS WM
e s 000000

VALUR RAIN (DEFAULT=2)

le'21*
22122
3=*23*

VALUE DRIZZLE
le*dl”
2’32
332
OTHRRe* '

OTHERe® *

(DEFAULT»2)

{DEFAULT#2)

{DEFAULTe2)

{DEFAULT=2)

VALUE SNOW (DRFAULTe2)

1s*11°
2012

3e023°
OTHERe* °

H

VALUE SNOWGRAN (DEPAULTe2)
1e715°
2716°
3ar17
OTHER.® °

VALUE ICECRYS (DEFAULT=2)
1e'05'

VALUE ICEPELLT (DEFAULTe2}

VALUE WICEPELT (DRFAULT=2)
1=*SS°*
2«'56°
Ja'sST
OTHERe* *

VALUR SNOWSHOW (DEPAULT»2)
le'4S’
2e'46"
Ja'4a7’
OTHERs'® *

VALUR SNOWPELT (DEPAULTs2)
le'4l’
2='42"
3e'4)
OTHERe* *

VALLR HAIL
le'65"
2e'66°
3Ja’€7*
OTHERs* *

(DEFAULT«2)

VALUE FOG (DEPAULTe2)
lev01°
OTHERe* *

VALUE ICEPOC (DEPAULTe2)
1='02°
OTHRRe* *

H

VALUE SMOKE (DEPAULTe2)
1e°06"
OTHERe® °

VALUR HAZE
1='07°
OTHERa" *

(DEPAULT2)

VALUE BLOWSNOW (DEPAULTe2)
le'03°
OTHER=" *

H

VALUE BLOWSAND (DEPAULT=2)
168"
OTHERe® *

H

VALUE BLOWDUST (DEFPAULTe2)
le’04"
OTHERs* °

VALUE DUST
1=°08"

(DEFAULTe2)
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DATA _NULL_;
INFILE *'/u/atkinscn/sas/database/84-86/data/pcspy86.prm' MISSOVER SHAREBUPFERS:;
ATTRIB REGION FORMATs).
ATTRIB ST LENGTHeS$4
ATTRIB YEAR FORMATe]. ;
ATTRIB MONTH FORMAT=2. ;
ATTRIB ELEMENT PORMATel. ;

ATTRIB VALUE FORMAT=6.
ATTRIB PLAG LENGTHeS1
ATTRIB HOURNUM FORMATe2.

RETAIN REGION STN YEAR MONTH ELEMENT:

INPUT @1 REGION 3.
e SN $ 4.
@9 YEAR 2.
@11 MONTH 2.
@11 DAY 2.
@15 BLEMENT 3.

DO HOURNUMe1 TO 24;
INPUT @((HOURNUM-1) *7+18) VALUE 6.
@ (RHOURNUM-1) *7+1806) FLAG S1. @ ;
IF FLAGs'J' THEN VALUEe0888: .
IF FLAGe'M' THEN VALUEe.: /* ditch missing data ¢/

IP (MONTHe09 OR MONTH=04 OR MONTHe06 OR MONTHell) .
AND (DAY#31l) THEN RETURN:

IP (MONTH=02 AND DAY GE 29 AND
(YRAR MOTIN (92.88,04,80,76,72,68,64,60,56,52,48})) -
THEN RETURN:

ELSE IF {MONTHe02 AND DAY«30) THEM RETURN:

PILR */usr/local2/aes/pcsptest.txt’;

PUT o1 REGION
e S™ $
13 DAY 2. -R
@15 MONTH  MON3. /* tormat defined above ¢/
@18 YRAR
020 ‘:°
921 HOURNUM
€23 ':00°
838 ELDENT 3. -R
€32 VALUE 6. -R

TLAG § 45

/* Mew library assigned b prog put was
exceeding the limit of /uar/tmp (/var/tmp), set
at 32MB. Tewporary ocutput is directed to /usr/local2
with more space available. DATA steps submitted one
at a time o ensure /var/tmp does not get overloaded.
*/

libname PCSPTIMP '/usr/local2/ses/SAS';

DATA PCSPTEMP.Y1986;
INPILR ' /ust/local2/aes/pcsptest.txt’ MISSOVER:
INPUT STH § 1-9
@13 DATE DATETIMEL3.
ELEMENT

VALUER

PROC SORT DATA«PCSPTEMP.Y1986;
BY ST DATE ELEMENT;
RUN;

DATA _NULL_;
SET PCSPTEMP.Y1986;
PILE ‘/usr/local2/aes/pcsptest.scrt’;
PUT STN DATE ELEXENT VALUE:

RETURN

RUM;

DATA _NULL_:
INFILE ‘'/usr/locall/aes/pcsptest.sort’ MISSOVER:
ARRAY VAL{44a}:

/* Assign the first OLDDATE value - perform only on the */
/e first iteration of this DATA step. */

IF _W_s1 THEM DO;
INPUT RGN STN SCHARG. ODATE @:
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OLDDATRedate;
OPFLAGel; /* set high to start lst output */
END;

/¢ Check for the occurrence of a new date. ¢/
/®* If it 18 a new date, then set up a new ocutput line e/
/* and restart the loop that reads through the elements ¢/

INPUT @1 RGN STN § DATE @: /* read first parameters for ¢/
/* testing purposes */

IF DATE NE OLDDATE THEN DO:

OLDDATE=DATE;
OPFlAGsl;

FILE *‘/usr/locall/aes/pcaptest.fin’'; /* new output line */
PUT;

INPUT 61 RGN STN § DATE ELEM @

SELECT (ELEM) ; /* convert element numbers ¢/
WHEN{71) SELEM = 1
WHEN(72) BELEM « 2; /°* to useable array subscripts °*/
WHEN (7)) BELEM » 3;
WHEN (74} BELEM = 4
WHEN(76) DBELEM « S5;
WHEN(?7) BELEM o 6;
NHEN(70) BELEM =
WHEN(79) BELEM =
WHEN(8C) BELEM «
WHEN(82) BELEM = 10;
WHEN(86) BELEM » 11;
WHEN (87) BELEM » 12;
WHEM (88) BELEM = 13
WIHEM(89] BELEM = 14;
WHRM (90) BELEM « 15;
WHEN(91) DBELEM « 16;
WHEN(92) BELEM = 17;
WHEN(93) BELEM « 18;
WHEN (94) BELEM =» 19;
WHEN(95) BELEM « 20;
WHEN(S6) BELEM = 21;
WHEN(97) SELEM » 22;
WHEN(98) BELEM » 23;
WHEN(99) BELEM « 24;
WHEN (10C) BELEM » 25;
WHEN (101) BELEM = 26;
WHEN{(102) BRLEM = 27;
WHEN (101} BELEM =» 26;
WHEN (104) BELEM o 29;
WHEN (105) BELEM » 10;
WHEN (10€) BELEM » 31;
WHEN (108) BELEM « 32;
WHEN (109} BELEM = 13;
WHEN (110) BELEM « 14:
WHEN (112) BELEM - 13S:
WHEN(11)) BELEM = 3§;
WHEMN(114) BELEM = 137;
WHEN{116) AZLEM « J8:
WHEM(117) BELEM « 19;
WHEN (118) BELEM « 40;
WHEN (120) BELEM « 41:
WHEN(221) SELEM « 42:;
WHEN(122) BELEM = 43;
WHEN (156} BELEM = 44;
OTHERWISE:

END;

INPUT VAL{BELEM};

IF OPFLAGC THEN DO;
PILE ‘/usr/locall/aes/pcsptest.fin’;
PUT ROX STN SCHARS. -L
OLDDATE DATETIMEL].
e

OPFLAGa0Q;
BND;

IF VAL{BELEM}e* ' THEN DO; /* Use proper missing tag. */
VAL({BELDM}w. ;
MD;

IF ELEM=78 OR ELEM=74 THEN DO; /* convert 1 to negative for Temp */
17 VAL{BELEM} > 999 AND VAL{BELEM} NE 9999 THEN DO;
VAL{BELEM} o (VAL(BEBLEM}-1000) * -1;
mD;
END;

FILE '/usr/local2/aes/pcsprest.fin’;
PUT @((BELIM-1)*5+26) VAL{BELEM} @;
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RETAIN OLDDATE DATE;

RETURN:;
RUN;

DATA PCSP.Y198
INPILE */us

6
r/local2/aes/pesptest . fin' MISSOVER;

/®* REFER TO PINK MANUAL POR FURTHER CODING OF HLYOl DATA *¢/

INPUT @5 STN $ 4.

€10 DATE DATETIMEL].

@16 CIG S. /¢ HLYOl 71 ceiling ./

@31 VIS 5.1 /* HLYO1 72 0.1 Im ./

@36 SLP S. /* HLYO1l 7 0.01 KPa ./

41 DEWT 5.1 /* HLYOlL 74 0.1 C o/

/* not included °/ /¢ HLYOl 75 pre 1970 wind dir ¢/

@46  WSPD 5. /* HLYOl 76 km/hr ./

@51 STNP 5. /* HLYOL 77 station pressure °*/

056 DRTEMP 5.1 /* HLYOL 78 0.1 C ./

@61 VWRTEMP 5.1 /* HLYO1L 79 wet bulb temp ./

@66 RH S. /* HLYOl 80 relative humidity */

/* not included */ /* HLYO! 81 total opacity o/

€71 TOTCWD S. /* HLYOl 82 tenths ¢/

/* not included ¢/ /¢ HLYOL 83 WX indicator ./

/* not included ¢/ /¢ HLYOL 84 tormado */

/* not included ¢/ /* HLYOL 05 thunderstorms ./

€78 MXR 5. /* HLYOl 86 rain -, . ./

081 WXRW 5. /* MLYOl €7 rainshowers -, ,+ ¢/

086 MXL 5. /* HLYO1 88 drizzle -, ,o ./

091 MXZR S. /* HLYOl 89 frzng raim -, ,+ */

@96 WMXZL S. /* HLYOL %0 frzng drzl -, ,¢ ¢/

€101 wWXs 5. /® HLYOl 91 snow -, ,e ¢/

9106 MXSG 5. /* HLYOL 92 mmow grains -, ,e¢ */

€111 WMXiC S. /* HLYO1 93 ice crystla y/a ¢/

0116 MxIp S. /* HLYOLl %4 ice pellets -, ,¢ °*/

9121 WXIPW 5. /* HLYOL 95 IP showers -, ,+ */

@126 WXsSW S. /* HLYOl 96 snow show ~, .o ./

0131 uxXsp 5. /* HLYOL 97 snow pellet -, ,e ¢/

0136 WXA 5. /* HLYOL 98 Dhail -, .. ¢/

€141 wXr s. /* HLYOL 99 fog y/a ./

€146 wWXip S. /* HLYOL 100 ice fog y/n ./

151 XK S. /* HLYOl 101 smcke y/n ./

€156 WXy 5. /* HLYOL 102 haze y/n */

€161 WXBS3 5. /* HLYOl 103 blowing saow y/n */

9166 MXBN S. /* HLYOl 104 blowing sand y/n ¢/

al71 WX8D S. /* HLYO 10S blowing dust y/n ¢/

e176 WXD S. /* HLYOl 106 dust y/m ./

/* not included */ /¢ HLYOl 107 layerl opacity ./

0181 CIDANTY S. /° HLYOL 108 layerl c¢ld amount ¢/

0186 CLOTYP1 S. /* HLYO1 109 layerl cld type ./

#1391 CLDHCTY S. /* HLYOl 110 layerl cld height ¢/

/* not included °/ /* HLYOl 111 layer2 opacity ./

9196 CLDANTZ 5. /* HLYO1l 112 layer2 <¢ld smount ¢/

€201 QADTYP2 S. /* HLYO! 113 layer2 cld cype ./

9206 CLDHGT2 S. /* HLYO1l 114 layer2 cld height */

/* not included */ /* HLYOl 115 layerl opacity */

8211 CLDAMT] S. /* HLYOLl 116 layer) cld amount ¢/

9216 QLDTYPI 5. /* HLYO1 117 layer) cld type */

9221 CLDHGT) S. /* RLYOL 118 layerl cld height °*/

/* not included */ /* HLYOl 119 layerd cpacity ./

€226 CLDAMTA S. /* MLYOl 120 layerd cld amount ¢/

0231 QLDTYP4 S. /* HLYOL 121 layerd cld type ¢/

€236 CLDHGTS S. /* HLYOl 122 layerd cld height ¢/

9241 WDIR /* HLYOl 156 tens of degrees ¢/
/* WOTE WDIR input CANNOT have a pre-defined width. .o/
/* If it gets width 5 it is forced to read beyond ./
/* the EOL sarker. It is thus reaching into ‘'null’ 173
/* space and the MISSOVER option treats the value as */
/* missing because it is not a proper value. Avoid ./
/* this problem by using a column positioner and o/
/* letting SAS gradb the data point up to the EOL mark. ¢/
/* The other INPUT variables sust have widths specified. ¢/
/* 1f not., because the original text file is written with ¢/
/* spaces for missing data, an INPUT variable without a */
/* defined width will search until it finds more data, ./
/* no matter how many columns away it is. The datafile ¢/
/* the above sequence writes out i{f the field widths are ¢/
/* oot included has recurrences of the same data */
/¢ value as variable after variadle reaches from its ./
/* positicned column cver tc the next available data ./
/* value. ./

FORMAT DATE DATETIME10. /* cutput date in a palatable manner ¢/

OBTEMP BEST4.1
WXR RAIN2. /* Format various WX phenomena according °*/
WXRW RAINSHOWZ . /* to standard PCSP format ¢/
WXL DRIZ2LE2. -
WXZR ZRAINZ.
uXZL IDRIZZLEL.
wxs SHOM2 .
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wXsG SNOWGRANZ .
wXIC ICRCRYS2.
wxip ICEPELLT2.
WXIPW  WICRPELTZ.
wXswW SHOMSHOM2 .
wxsp SNOWPELT2.
WXA HAIL2.

WXF FOG2.

WXIFP ICEPOG2.
SMOKE2 .
HAZE2.
BLOWSNOW2 .
BLOWSAND2 .
BLOWDUST2.
DUsT2.

:HEEEE

IAd Combine weather phenomena cbservations inte ¢/
/* a single string. DOrop individual wx vars. ./

DROP WXR WXRW WXS WXSW WXF WXIC WXBS WXIP WXL MXZR WXZL
WXSG WXIP WXIPW WXSP WXA WXK WXH WXBN WXBD WXD:

/* Remove observaticns that possess no data. °*/
34 VISe. AND SLP=. AND DBTEMPs. AND WDIRe.

WXIPMe. AMD WXK o. AND WXH=.
RETURN;

CLODAMNTIe. AND CLDTYPle. AMD CLDHGTIe. AND CLDAMT¢s.
CLDTYP4s. AND ClLDHGT4e. AND WXRs. AND WXRWe.
MXICa. AND MXSWe. AMD WXPa. AND WXIFs. AND MXBSa.
WXLe. AND WXZRe. AND WMXAe. AND WXZLe. AND WXSGs.
WXSPe. AND WXENs. AMD WXDe. AND WXBD=. AND WXIPs.

/* and cutput them instead to a text file for later serging °*/

PILE '/u/atkinson/sas/database/04-86/daca/wWx’ ;
T SN $ 4.

DATE DATETINEL].
WXR RAINZ.
WXRW RAINSHONZ .
WXL DRIZZLE2.
WXZR ZRAINZ.
WXZL ZDRIZZLE2.
wXs SHOM2 .
WXSG SHNOWGRANZ .

wxic ICBCRYS2.
wXIp ICRPELLTZ.
WXIPW  WICEPELTZ.

nxsu SHOMSHOW2 .
uxse SHOWPELTR .
MXA HAIL2.
wr roG2.
wXir ICErOGe .
XK SMOKE2 .
WXH HAZEZ.
wXBS BLOMSNONZ .
WXBN BLOMSANDZ .
WXBD BLONDUST2.
XD DuUsST2.
QUTPUT;
RETURN ;
RUN;
YAll ee/
/** Compress the WX indicators ee/

LIBMAME PCSP '/u/atkinson/sas/database/84-86/data’;
DATA PCSP.WX;

INFILE °'/u/atkinson/sas/database/84-86/data/wx’;

INPUT STN § 1-4
@5 DATE CATETIMEL).

WX $ 18-59;

awxscompress (wx) ;
drop wx;
FILE '/u/atkinscn/sas/databasg/84-66/data/NX.comp’
PUT nwx 6.

RETURN

RUN;

Jee e/
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YAL]

merge the datasecs e/

DATA PCSP.FIN1986G;
MERGE PCSP.Y1986 PCSP.WX;
RUN; QUIT:

SAS Programs for 1987 - 1988

SAS Program: 8788read.sas

Purpose: To read data for 1987 and 1988 into a SAS dataset. Data must be prepared
using the Quattro macro M8788.wgm.

VAL SENE0E0E0I0NETNNNNNTNNNLNROIITRTITEeONNTRIOIRSTRIOUIITIITITSIS/

perly and then reads in

It also aubstitutes

/* 8708read.sas reads single PCSP files for the years
/% 1987 to 1968. Years sust be changed in the program.
/e

/* Prog: both ar date p

/* all text files into SAS dataset. Program also performs
/* some QC processing by rejecting missing records and
/* extreme temperature values.

/* negative values for temperature valuea above 100.
/-

/'

/* D.E. Atkinscn

November 14,

1997.

/9900000000000 00000TT0STRITNNTNTEROTONRERININNRECERRRTETONLY,

LIBNAME PCSP '/u/atkinscn/sas/database/87-08/cutput’;

OPTIONS ERRORS e 10;

/¢ Ind Rearrange the data, throw out miseing dates, cCorrect any missing
UCT times and rewrite in a form that SAS can handle.

PROC PORMAT:

VALUE WON

CIANY
‘rzB°
R
‘APR'
vaI
!Ml
UL
IMI
sEp*
ocT*
wov*
12 « *DEC

WEIRANRS =N
e " P 000

[
- o
L I

RUN:

DATA _NULL_:

INFILE 7}u/l:kinmlu./da:mu/l7-ll/d.u/ou:l?.pm' MISSOVER FIRSTOBSe2:

INPUT

[ 28

[ 13

7

9

1l
[ 2]
[ 281
[ 28]
€21
033
[ F33
e28
el
[ 1]
036
[ 21}
o4l
43
045
4?7
50
52
[ 1]
*S?
e59
61
064
066
[ 1]
71
a4

(DEPAULT=1)

¢/

./
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@77 PRECIP 3.
@80 PTENDCY

IF ID «. AND MONTH «. AND YEAR =. THEN RETURN;
/* ditch any blank lines */

IF LCLTIME NE . AND UCTTIME « . THEN UCTTIMEeLCLTIME.S;
IF UCTTIME = 24 THEN UCTTIME = 00:

IF UCTTIME > 24 THEN DO;
UCTTIME « UCTTIME-24:
DAY=DAYel;
2D;

OROP LCLTIME;

PILE */u/atkinscn/sas/database/87-88/data/out87B.txt*;

PUT el ID 4.
@5 DAY Z2. -R
@7 MONTH MONJ .
910 YRAR
02 *:*
@11 UCTTINE 22. -R
1S °:00°
o18 VIS 24. -R
022 WX1 2.
024 WX2 2.
€26 WX3 2.
€29 STHPRESS 3.
€32 DSTEMP 3
035 DENTDMP 3.
€38 WDIR 2.
@40 uSPD 2
@43 ALTSET 3.

4S5 TOTCLD 2.
847 CLDANTY 2.
™9 Aoty 2.
€51 CLDHGTL 3.
@54 CLOANT2 2.
56 CLDTYP2 2.
@58 CLDHCT2 3.
@61 CLDAMTI 2.
963 CLDTYP 2.
€65 CLDHGTI 3.
968 CLDAMT¢ 2.
@70 CLDTYP4 2.
@72 CLDHGT4 3.
7S MAXTRMP 3.
e NI 3.
@81 PRERCIP 3.
o84 PIDIDCY 3.

DATA PCSP.PCSPE7:;

INFILE °/u/atkinscn/sas/database/87-08/data/cut87B.txt® MISSOVER:

INPUT e ID 4.
@5 DATR DATETIMEL].
18 VIS 4.
922 WX1 2.
024 WX2 2.
36 wxl 2.
028 SLP 3.

@312 DBTEMP 3.
€3S DEWTEMP 3.
€38 WDIR

940 WSPD

@42 ALTSET
@4S TOTCLD
@47 CLDAMT1
€49 CLDTYPL
€51 CLOHGT1
954 CLDAMT2
@56 CLDTYP2
@58 CLDHGT2
@61 CLDAMT]
@63 CLDTYP3
@65 CLDHGTI
@68 CLDAMT4
070 CLDTYPe
972 CLDHGT4
975 RAXTEMP
@78 MINTEMP
@81 PRECIP
884 PTENDCY

WHULNNWRRNWLULBMRONLGLNRBDWRNLN
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IF DBTEMP > 100 THEN
IF DBTEMP > 200 THEN DBTEMP » .:
ELSE DBTEMP « -1°(DBTEMP-100);

IF DEWTENP > 100 THMEN
IF DEWTEMP > 200 THEN DEWTEMP o .;
ELSE DEWTEMP = -1°¢ (DEWTEMP-104):

/* reject extreme temperature values °*/

¢ 4 ViSe. AND SLPe. AND DBTEMPe. AND DEWTEMP=. AND WDIRs.
AND WSPDe. AND ALTSETe. AND TOTCLD=. AND CLDAMTle. AND CLDTYPls.
AND CLDHGTls. AND CLDAMT2s. AND CLDTYP2e. AND CLDHGTZ2e. AND CLDAMT3e.
AND CLDTYPla. AND CLDHGTIs. AND CLDAMTGs. AND CLDTYP4e. AND CLDHGT4w.
AND MAXTEMPs. AND MINTEMPe. AND PRECIPs. AND PTENDCYs. THEN RETURN;
/* This checks that there is an cbservational record accompanying the station
ideatification and date header. o/

/* These folling two lines also create a text file that :s
identical to the SAS datafile ./

/e file '/u/atkinscn/sas/text.op.test’; */
/° put _infile_; e/
RETURN

RUN;

QUIT:

SAS Program: 8788ex.sas

Purpose: Some data in 1987 and 1988 were not included in the batch processing due to
discrepancies in formatting. The stations involved were processed by hand, concatenated
and then the following program was run to read them into a SAS dataset. Program run

once for extra data in 1987 and again in 1988; program is essentially identical to
8788read.sas.

/'l"".'.I""...'.'..ll'..!'-..'."Q"'.'.-.'Q"""I'tll"/

/* 8788ex.sas reads single PCSP files for the years o/
/* 1987 to 19688. Years must be ged in the program. o/
A ./
/* Prog both ar ges date properly and then reads in ./
/° all text files into SAS dataset. Program also performs ¢/
/* some QC processing by rejecting missing records and ./
/* extreme temperature values. It also substitutes ./
/* negative values for temperature values above 100. ./
IAd ¢/
A s/
/* O.E. Atkinson */
/¢ Suly 7, 1988 o/

FAAMAAAALAAAA A AL LA s L L L L L L R Ty

LIBMAME PCSP '/u/atkinscn/sas/database/87-88/cutput’;
OPTIONS ERRORS o 10;

/* 2nd Rearrange the data, throw cut missing dates, correct any missing
UCT times and rewrite in a form that SAS can handle. ¢/

PROC FORMAT:
VALUE MOH (DEFAULTe3)
CJAN"

4444545258

DATA _MULL_:
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INFILE */u/atkinson/sas/database/87-88/data/PSBOTHR. PRN® MISSOVER FIRSTOBSa2;

INPUT o1 ID
5 DAY
97 MONTH
9 YEAR
o1l LCLTIME
€13 UCTTIME
a5 VIs $
19 WX1
421 Wx2
€23 WXx3
925 STNPRESS
€23 TBTEMP
@31 DEWTEMP
@34 WDIR
@36 WSPD
€38 ALTSET
@41 TOTCLD

NNNNNS
. & e e e .

WWWWNNUNNLROMENNNWUORNWDWLDWGRNN

IF ID =. AND MOMTH «. AND YEAR =. THEN RETURN;
/* ditch any black lines ¢/

IP ICLTIME NE . AND OCTTIME « . THEN UCTTIMESLCLTIME.S;
IF UCTTIME o 24 THEN DO;

OCITINE « 00;

DAYesDAYel:

- H

IF UCTTIME > 24 THEX DO;
UCTTIME » UCTTIME-24;
DAYeDAYel;
mo;

IF (MONTH=03 OR MONTHe0S OR MONTH=07 OR MONTHeCE OR MONTHe10)
AND (DAY=12) THEM DO;
MONTHaMONTH L ;
DAYe01l;
o;

IP (MONTHe09 OR MONTHe04 OR MONTH=06 OR MONTH=11l)
AND (DAYe3ll) THERN DO;
MONTHeMORTH L ;
DAY=01;
ND;

IF (MONTHe02 AND DAY GX 29 AND
(YRAR WOTIN (92,88,04,80,76,72,68,64,60,56,52,40)))
THEN DO;
MOWTHeMONTH1
DAYe01;
BiD;

ELSE IF (MONTHe02 AND DAY«30) THEN DO;
MONTH=MOMTH1 ;
DAYe01;
oi;

OROP LCLTIME:

vis=visel;
PILE */u/atkinscn/sas/database/07-88/data/PO8CTHR.txt®;

PUT 1 ID 4.

o5 DAY z22. -R
7 NONTH MON3 .
810 YEAR

012 *:*

o13 UCTTIME 22. -R
915 *:00°
€18 VIS 4
€22 WX1 2
024 WX2 2.
026 NX3 2.
€29 STEPRESS 3
€32 DBTINP 3
@3S DEWTEMP 2
@33 WDIR 2
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€40 WSPD 2.
@43 ALTSET 3.
045 TOTCLD . 2.
647 CLOANTY
49 CLDTYP)
051 CLDHGT1
054 CLDAMT2
@56 CLDTYP2
058 CLDHGT2
961 CLDAMT)
€63 CLOTYR3
@65 CLDHGTI
968 CLDAMTS
€70 CLDTYP4
@72 CLDHGT4
@75 MAXTEMP
€78 MINTIMP
@81 PRRCIP
984 PTENDCY

LWWWWUWUNNWNNWNRBWNN

DATA PCSP2.P88Sothr;

INFILE */u/atkinscn/sas/database/87-88/data/PBAOTHR.txt® MISSOVER;

INPUT @1 1D 4.
@5 DATE DATETIKEL].
e18 VIS
922 wWX1
24 WX2
926 WXl
028 sLpP
9312 DRTEMP
315 DIWTEMP
938 WOIR
WSPD
ALTSET
oD
CLDANTY

[ 1

042

s

™7

49 CLDTYPL
@51 CLDHGT1
@54 CLDAMT2
@56 CLDTYP2
€58 CLDHGT2
@61 CLDANTI
@61 CLDTYP)
065 CLDHGTI
@68 CLDANTY
970 QLDTYP4
@72 CLDHCT4
€75 WMAXTEMP
78 NINTDMP
@82 PRECIP
@84 PTENDCY

H

WWWWRRNWRNBUENMBUMNMUNWLR LWL

IF OBTEMP > 100 THEN
IF DBTEMP > 200 THEN OBTEMP » .
ELSE DETEMP « -1°(DSTEMP-100);

IF DEWTEMP > 100 THEN
IF DEWTEMP > 200 THEN DEWTENP » .
ELSE DEWTEMP = -1°(DEWTEMP-100);

/* reject extreme temperature values ¢/

IF ViSe. AND SLPe. AND DETEMPe. AND DEWTEMP=. AND WDIRe.
AND WSPDe. AND ALTSETe. AND TOUTCIDe. AND CLOAMTls. AND CLDTYPla.
AND CLDMGTle. AND CLDAMT2e. AND CLDTYP2e. AND CLDHCT2e. AND CLDAMTIe.
AND CILDTYPle. AND CLDHGTI=. AND CLDAMT4«. AND CLDTYP4e. AND CLDHGTG=.
AND MAXTEMPe. AND MINTEMP«. AND PRECIPs. AND PTENDCYs. THEN RETURN;
/* This checks that there is an cbservational record accompanying the station
identification and date header. ¢/

/* These folling two lines also create a text file that is
identical to the SAS datafile ./

/* file '/u/atkinson/sas/text.op.test’; ./
/* put _infile_; ./
RETURN ;

RUN:

QUIT:

data p8788.p8tfin;
set p8738.plenew pcap2.plBaothr;
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SAS Program: 8788mrg.sas

Purpose: Program prepares extra data and then merges it into the main database.
Verification check performed when complete.

libname pcsp2 */usr/lccal2/pesp/’;
libname p8788 */u/atkinscn/eas/database/87-88/data/’;

/* this data step adds the fields necessary to make the dataset compatible with the main database.*/

data pe788.p88Lin2;
length CHARID $ 20;
length AESID § 4;
set pa788.p8Afin;
CHARIDe* *;
AESIDe* *:
PCSPIDeID:
format PCSPID 4.;
drop 1D;
stnpresss. ;
RHe . ;
format date datetimeld.4;
Tun;

/* Sort the new dataset to macch the main database.*/
PROC SORT DATAsp8788.p88fin2;

by QIARID AESID PCSPID DATE:
run;

/* Throw out all existing cbs for the year being updated, 1988 in this case. We do this because in adding extra data a
complete dataset for the year 1988 has been created. 1If this is merged with the main database there will be duplicate
records to deal with, ¢/

data pcsp2.done;
set pcsp2.dene;
if year(datepart(date))e1988 then return:
/* Remesber function datepart must be used to extract the date portiocn of datetime value, vhich the variable
*date’ is stored as; only then can the “year® function be used to extract the year value. Using the functien
year on the variable date will not work because it is stored as a datecime variable. Remesber the distinction
between datetime and date formata for variables. -
./
output;
/* Bxplicitly coding an OUTPUT statement in a data step forces output to the new dataset to occur at that
point. If san OUTPUT statemsnt doss not appear then its presence is implied at the end of the DATA step and
that is when output will occur. In this way can certain obeervations be dropped, as in this case all
cbservations with a year of 13088, This is done by including a condition that, upon testing positive, executes
a RETURN statement that returns control of the loop to the top of the DATA step, bypassing the OUTPUT
statement and thus excluding the current observation from the new dataset being formed.
.
/
Tun;

/* Merge the dataset containing the extra observations into the main database. °*/

DATA pcsp2.done;
merge pesp2.done {(inea) p8788.p80Lin2 (ined);
by CHARID AESID PCSPID DATE:
1f a or b;
/* The structures (inea) specify a variable to be assigned to the contribution of each dataset. Use of
this, with a the statement *if a or b;” forces all cheervations of both datasets to de put into the new
cutput dataset being created.
.
/
run;

/** The following pert allows a quick verification of the data pcssessed by the main database for the years that have
just been updated. Verification consisted of checking that 1) the previously existing data had been overwritten, and 2)
that the data expected to be there were in fact present.

Pirst a subset of the data containing only the years in Questicn is created (in this case 1987 and 1988). The subset ism
then sorted by the variables that will be specified as BY groups in the frequency analysis procedure (necessary or the
frequency procedure will not operate). Then PROC FREQ is run to return a count of observations by identification number
(whatever is specified in the TABLES statement), grouped BY year.

./

data subst;

set pcsp2.done;

yearsyear (datepart (date});

drop date;

if year(datepartidate}) in (1987,1908) then cutput:
run;

proc sort dataegubst;
by year pcspid:
Tun;

proc freq data=subst;

tables pcspid ;
by year:
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Quattro macro 1: M8788.wgm

insert macro that formats the 8788 data

{; only needs to be executed once}

firat {/ View;NewPilemgr}
{up 2}
{;erase current entry)
{ESC}\atkinson\DATA\Y1988\ (D} {ESC}outpurs .we-
*{POR downcount,0,67,1, BodyLoop)*®
downcount 19
{; move down to the correct file}
Bodyloop {DOWN} {: position on first file in list)
{DowN } {; and get the file (use the -)}
move lat/lon {/ Block:Move){ESC}B1..C600~AG1~
{/ Column;Delete}ni-
oove day over {/ Block:Mave}{BSC]El..K600-B1~
/ Column:Delete)El-
HOME
/ Publish;Alignleft)
DD} (R} {D €00} (R 2}~
HOME
id / Column:Width}e-{R
day / Coluan:Width)2-{R
mon / Column:wideh}2-(R
year / Column:Midth}2-(R
LcL / Column;Mideh}2-(R
ocr / Colummn:Width}2-({R
vie / Column;Width}e-(R
*wxl,wx2, wx)® {/ Column;Width}6-{R}
stnpress {/ Column:width}i-{R
dbtewp / Colummn;Wideh}i~{R
dewtenp / Columm:width}3i-{R
wiir / Column;Width}2-(R
wapd / Column;Width}2-{m
altset / Column:Width}i-({R
toteld / Column:Midth}2-(R
cldamtl / Column;Width}2-{R
cldamtl / Column:wWideh}2-{Rr
cldhgtl / Column;Width}i-{R
cldame2 / Column:Widen}2-{m
cldamt2 / Columm;width}2-{R
cldant2 / Column;Width}i-{R
cldamel / Column:Width}2-(R
cldamt3 / Column:width}2-{R
cldanmt3 / Columm;width}3-(R
cldamte / Column:Wideh}2-({R
cldamtd / Column;Wideh)2-{R
cldant4 / Column;Midth}3-(R
saxtesp / Columm;:Mideh}3-(R
mintewp / Column;Wideh]3-{R
precip / Column;width}3-{R
HOME }
formater}
printset}
xill)
kill CHOOSB } ¢
D}
DEL}Y
v 2}
formater (HOME)({MakeChari} stn
HOME] (R} {AddZeroDate) day
HOME} {R 2}{AddZercDate} month
HOME} (R 3} } year
HOMER} {R 4) {AddZercDate} LcL
HOME] {R 5} {AddZercDate} ure
HOMB} (R 7} {AddZercDate} wx
HOME] (R 8} {MakeChar) stn
HOME] {R 9} (makeChar}
HOME}{R 10} {MakeChar
HOME} {R 11](makeChar
HOME} (R 12} {makeChar
HOME} (R 13} {makeChar
HOME) (R 14] {MakeChar
HOME} (R 15} {RakeChar
HOME} (R 1€} {MakeChar
HOME} (R 17} {MakeChar
HOME} {R 18] {makeChar
HOME} {R 19} {MakeChar
HOME} (R 20} {MakeChar
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{HOMB} (R 21) (MakeChar)
{HOME} (R 22} {MakeChar)
{HOME} (R 23} {MakeChar)
{HOME} (R 24} {MakeChar)
{HOME} (R 25} (MakeChar}
{HOME} (R 26} (makeChar}
(HOME} {R 27} {MakeChar)
{HOME} {R 28} ({makeChar}
{HOME} {R 29} {MakeChar}

MakeChar routine coaverts numeric to character.
RowTotal provides a tally of rows.

MakeChar *{D}{POR CharCount,1,RowTfotal,l,goChar}®

goChar { Downt}
*{IF OCELLPOINTER(®*“type®"]e**b**}{RETURN}"
*{IF GCELLPOINTER("*type**}a**v®*}{EDIT)|HOME}" -*

Add2ercDate duplicate of add zero except it exits the loop
when it runs out of rows: provides Rowlotal

AddZercDate *{D}{POR CharCount,l,RowTotal,l,goZercDate}®

golercDate {oowm } Celval
*{IP GCELLPOINTER(®°type®®)s**b**}{RETURN}"
*(1r OCELLPOINTER (**Type“®) s**v**} {EDIT} (HOME} ' -*
*{PUT Celval,o0,0,@MID(CRLLPOINTER (**contents®®),1,1)}*
*{1r OCELL (**contents®®,CelVal) e " *JANDSOCELLPOINTER ( **contents=®) <>**** } {EDIT) {HOME} {R}0-*

CharCount 147
RowTotal 146

MakeCharl routige converts numeric to character.
RowTotal provides a tally of rows.
Run on first iteration for station ID to get total § cbs

MakeChari *{D}{POR CharCount,l,2000,1.goCharl}®

goChart  {pown}
*{1P OCELLPOINTER(®*type®®)a**b**|{ PORBREAK]"*
*{IF OCELLPOINTER(**type®")e**v"*}{EDIT}{HOME} -
*{PUT RowTotal,?,0,CharCount}®

*CpMon: Lookup table below,*
CpMon routine uses lockup to convert month § to month alpha values SASf{mt single cosma msans
CpMon *(D}{POR CharCount,1,RowTotal,l.goCpMon}® destinaticn is whereever cursor is

goCpMon  *{D} {RECALC @CELLPOINTER(*“address®®}}{Blockvalues SASat:014,}*
SVALUE! <formula here

ADDCOLON ts day bers into p

P format
AdColen *{POR CharCount,l,RowTotal,l,goColon}*

{ Dosny } Celval 1

*{IP OCELLPOINTER(®“type*®)=**b*"*}{RETURN}*

*{1P OCELLPOINTER(**type®")e®*v**}{EDIT}{HOME]} -

*{PUT CelVval,0,0,@MID(CELLPOINTER(®*contents®®).1,1}}"

~{Ip OCELLPOINTER (“*type®*) e**1* *SANDSQCELLPOINTER (**contents®®)<>****} {EDIT}:~*

*{IF OCELL("*contents**, CelvVal)=****SANDNOCELLPOINTER (**contents®*) <>**** } {EDIT} {HOME} (R}C-*

converts weather elements :nto character

*{POR CharCount,l,RowTotal,l, goZero}*
{HomME}

goZero {DowN } Celval 1
*{IP OCELLPOINTER (**type®*)e"*b**}{RETURN}*
*{IF OCELLPOINTER(**type®*)e**v"*}{EDIT} {HOME}*~"*
*{PUT Celval,0,0,@MID{CELLPOINTER(®*contents®*), 1,3} }*
*{IF @CELL(*"contents=**,CelVal)e""* SANDSOCELLPOINTER(*"contents**)c>*>*~}{EDIT} (HOME} {R}0~*
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MidColonChar adds a colon between the hour and minutes of a
four digit date field (alsc converts to character).

MidColonChar *{D}{POR CharCount.1,RowTotal,l,goMid}®

goMid {oown}
*{IP GCELLPOINTER(®*type®*}a=**b**}{RETURN}*
*{IF OCELLPOINTER(**Type®*}e**ve}{EDIT}{HOME} (R 2}:-*

“MakeCharY routine converts numeric to character, adds colon at end*

MakeCharY *{D}{FOR CharCount.1l,RowTotal,l,goCharY}®

goCharY  {DowNM}
*{IP OCELLPOINTER(®“type**)=**be**}{RETURN]®
*{IF @CELLPOINTER(®*type"*)=*°v**}{EDIT} {HOME}' (XD} :~*

JAN
FEB
MAR
APR
MAY
JUN
JUL
AUG
SEP
10 ocT
11 wv
12 oec

WO IANS N

printset (HOME}({D 2}

/ Prine;8lock)

£sC) (Hov@) (D 2} . (DD} {DowN}

RIGHT 31}~

/ Print;OutputPile}

CLEAR}

B: \ATKINSON\QPRO\OUTPUT\plsothr. pra~

T

{/ Priat;Breaks}
]
/ Priat;PercentScaling)
CLEAR}1-

/ Print;Pagelength}
CLEAR}

4~

/ Print;leftMargin}
CLEAR}O-~

/ Print;TopMargin}
CLEAR}O-

/ Print;RightMargin}
CLEAR}

24~

/ Print;BottomMargin}
CLEAR}O-~

/ Print;Update)

/ Print;Go}

/ Basicse:Cloee}

Y
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Unix Programs (korn shell, awk)

Unix program 1: titlecnt.awk, version 1

## titlecnt.awk
## count how many words are in the station identifier

awk ‘*{

}u

counts=0
for (i=1;i<NF;ies) { if ($i t~ /~[0-9]/) count += 1}
print count

$1 | sort -u

Unix program 2: titlecnt.awk, version 2

## titlecnt.awk
##% count how many words are in the station identifier

## and print out those stations possessing 6 words in their name

awk

count=0
for (i=1;i<NF;i+e) { if (51 != /*[0-9]/) count += 1}

if (count == 6) print $0 # This prints out which stations have 6 words

print count

$1 | sort -u

GLACE (AGASSIZ ICE CAP) 240K6HR 116
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Unix program 3: under_score.awk

### under score.awk <filename> inserts an underscore character
111 between the first two non-numeric fields,
111 the assumption being that they are identifiers.

awk 'BEGIN {counter=0}

if (52 - /*10-91/) {
printf S1
for (i=2; ic=NF; ++i) printf * *$i
printf "\n"

if ($2 - /*{0-91/) {
printf $1°_r$2
for (i=3; i <= NF; ++i) printf " "$i
printf "\n"
counter += 1

END {# print a count of the number of conversions, so we know when to stop!
printf counter" changes made\n* > "/dev/tty" # this directs o/p to screen
} s

output:

LOWTHER_ICE_(II) 240268E 66.1 74 33 97 10
LOWTHER_ISLAND 240268N 66.2 74 33 97 29
MACKAR_INLET 2402F8E 27
MACKINSON_INLET 2402F8F 120
MALLOCK_DOME 240BFQF 2
MARSHALL_PENINSULA 240KF86 133
MARVIN_PENINSULA 240KFQF 369
MAXWELL_BAY 240B68Q 375
MCCLINNTOCK_INLET 250KFH8 243
MCKINLEY_BAY 240KFQQ 358
MEIGHEN_ISLAND/ICE_CAP 2402F8R 67
MELVILLE_ICE_CAP 250K689 68
MER_DE_GLACE_ (AGASSIZ_ICE_CAP) 240K6HR 116
MERCY_BAY 250K6H9 279

MIDDLE_ISLAND 2502693 324

MINTO_INLET 250K698 297

MOCKLIN_POINT 2502699 149

MOKKA_FIORD 240K699 69

MOUNT_BEAUFORT 2402702 143
MOUNT_BOMPASS 2502704 264

MUSKOX_BAY 2402712 233

The script prints a count of how many conversions it performed. The count is used as a guide to know
when to stop. When the script performs 0 conversions, it has done them all.

Appendix A, page 215



Unix program 4: under_score2.awk

This script is an improved version of under_score.awk. It only needs to be run once, inserting all the
underscores each station identifer needs in the first pass. Use of this program also makes titlecnt.awk
redundant, because the user no longer needs to know when to stop — this program will take care of it. Note
that it will not insert an underscore if a word in the station identifier begins with a non-alpha character.

### under_score2.awk <filename> inserts an underscore character
i1 between the first two non-numeric fields,

L1 1] the assumption being that they are identifiers.
Ll this leaves all data in their original spots so that
151 date-get.awk can extract lat/long alcng with the start/end dates
111 (it has to use substr($0,lat.place,length) so lat/long must be at
$in a specific column.
awk *{
stnname = "*
printf $1
for (i=2;ic<NF;ie+) {
if ($i !~ /*(0-9]/) stnname = stnname "_* $i .
else {
printf stnname
start = length(stnname)
for (x=(startel);x<200;x++) {
printf substr(50,x,1)
}
i = NP
printf *\n"
}
} #awk end

END {# print a count of the number of conversions, so we know when to stop!
printf counter* changes made\n®" > "/dev/tty" # this directs o/p to screen

L3 1

Unix program 5: placer.awk

#8# placer.awk <filename> positions the second field at column 9

awk *{
printf $1
for (i=1;ic(8-length($1));++i) printf * *
for (i=2; i<aNF; ++i) printf * *$i
printf "\n"
lsl
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Appendix B:

SAS code to perform, plot and map the principal components analyses

HumpRemove.sas

This subroutine removes the seasonal mean from all data sets to be processed in the analysis. For each

day it takes the mean from all stations and then subtracts that value from each station. This routine must be
called from another routine.

SMACRO HUMP (cols) ;
proc t P datasd outeTd: ; Tun;
proc means datastdoneset nopriat;
var coll-col&cols;
ou:w: outedonenmean mean(coll- coucoll)--u. an&cols;

data dmm
set donemean;
dm type_ _freq ;

proc t dataed oute? un;
data tdonm set tdonemn; drop _name_ cou sean=coll; run;
proc ¢t dataed out run;

data l:nn-e set stnname: keep _name_ m

proc iml;

read all var _num_ into data;

read all va: _nus_ into means;
cencol (data) ;
venrow(data);
newdatej(r,c,0);
do cntel to ¢: newdat{,cntjedata(,cnt)-means; end:
create meandat from newdat /¢[colnames{x y contour}] */:
append from newdat;
tinish;
Tun getdata; wx:5

proc t P dat dat outs dat; run;
data d set dat; drop _came ; run;
data m serge ltnnnt Tasandat; run;
proc t P dat. cuted ; Tun;
data & bk; set & : run;

data 4 : set d : drop _nase_; run;
SMEMD HUMP;

/* See if it worked
goptions resetsall;
symbol iej;
proc grlot dataedonesetx;
plot sean*cd; run;quit:
o/

cline-4.sas

| had to write this routine because, although SAS will contour data, it won't write the contour data to a

datafile. Without that, there is no way to reproject the coutour lines the way you want; you are stuck with
SAS's contour output.

This program contours a point field arranged as a lattice. it writes the resuitant coordinates of all contour line
segments and the original data points to a SAS dataset. The data set can be reprojected in any way
necessary. | developed this aigorithm in Visual Basic 5.0. This was advantageous for two reasons: 1), VB
has a very nice debugging environment, and 2), VB code is very similar to SAS/IML (interactive matrix
language) code, so a finished program can be ported over with litle modification.

/** CLINE-NM.sas to °*draw’' contour lines in a regular grid *e/

/** display original point field e¢/
tmacro PCASTNS:
data origdot ;
length functicn color style $8 tex: $20;
set oql.finlocl endelast:
Xgy$s='2'; ysys='2'; hsyss'}‘'; whene='a'; functione'label’; stylee‘'special’;
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YAl

texts'J*; sizee2; positions‘s'; colors‘'black'; provinces'-2';
xelong*&d2re*-1; yalatesd2r;
output ;

ySyss'2'; hsyse'3’'; /e*yey-.003;¢/ xex-.008;

functione'label’; styles'SWISSB'; sizes2;

IF trim(left (PID))«"CLYDRE® THEN positione'l‘’;

ELSE positicne's’;

colore'black’;
if *&factor® ne °*MnT* then texteleft(trimiint(&factore104))};
else texteleft(trim(&factor));

provinces*-1*;

output;

/** all the following to put underlines on AES station factor scores *¢/
il type ne °P* then do;

if substr(pid,1.1) not im ('0°,°1°,*2",°3",'4",*5°,*6','7",*8",'9'} then do; */

YSYySe'2'; hayse'3l’; yeye.00001;
functione'label’; styles'SWISSB'; sizee2;

IP trim{left (PID))=*CLYDE® THEN positiome’l’;
ELSE positions‘'s’;

colors*black’; provincee'-1°‘;

if "gfactor® ne °MaT® then cn!act-lett(::xa(int(&taccor'mo));:

else chfacteleft(trim(&factor)):;

if length(chfact)s4 then do;
if substr(chfact.l.1l}e*-* then texte® .
else texte" *:
end;

if length(chfact)e) then do;
if subetr(chfact,l,l)e"-" then texts® *;
else texte®__ °;
end;

if length{chfact)e2 then do;
if substr(chfact,l,l)="-* then texte®__ °;
else texte®_ °;
end;

if length(chfact)el then texte® °;

output;

drop pid long lat factorl factor2 factorl factord mmt;

/** reverse vertical axis for display and store some values for grid setup **/

un;
tmend PCASTNS:

SMACRO contour;

PROC IML;

TOwSs100;

colles100;

gridsj (rows,cols,0);
gridlatej (rows,cols,0);
gridlongej (rows,.cols, 8} ;

start getgrid(grid,gridlat.gridlong,rows,cols);
use peagridl;
read all var {&factor) into a:
grideshape (a, rows) ;
read all var {lat} iato b;
gridlatsshape(b, rows) ;
read all var {long} into c;
gridfengeshape (c, rows) ;

finish;

start MAINBODY (matrix,matlat, matlong, rows,cols);

/v

e/

LoMinesymget (*loogmin’) ;
LoMaxssymget (' longmax®) ;
LaMinegymget (' latmin’) ;
LaMaxegysget (" latmax’) ;

LongMineNUM (LoMin) *-1;
LongMax«NUM (LoMax) * - 1;
LAZMinedUM (LaMin) ;
LaTMax=NUM (LaMax) ;

LongMine126;
Longraxs=60.66;
Latnineg?;
LatMaxe81.83;

gridlatematlat;
gridlongematlong;
gridematrix;
foundl « 0;
found2 « 0;
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TeptRun:

cé

o0o00o0

Teverses0;
dbeg;
secondRne(;

%if Gfactor ne MaT \then do;

cStart = -2.4;

cEnd = 2.6;
estep = .2 ;
Send;
Selsge tdo;

cstart = -10;
cBnd = 16;
cStep = 1
Send;

Do contour = cStart To cEnd by cStep:

YAl

./

/v

e/

Do i =« 1 to (rows-1):
Do j = 1 to (cols-1);
ULv = grid{i, ji:
URv = grid{i, j + 1}:
LRv » grid{i + 1. § » 1];
LLv « gridii + 1, 3);

‘akip check - if all vertices are less than or greater than
‘the coentour being checked then skip the cbeck.uig process

1t > ULv & > URv & contour > LRv & coatour > LLv
If comtour < ULv & contour « URv & comtour < LRv & contour < LiLv

‘double line check - if diagenal vertices bracket the centour
‘then there are double contour lines. This situation sust
‘be dealt with individually

If ({ULv < contour} & (LRv < contour! & {(URv » contour) & (LLv >
((ULv > contour) & (LRv > contour) & (URv < contour) & {LLv «
db e 1;
reverse « 0O;
secondRn: = 1;
d:
If ((ULv > contour) & (LRv > contour) & (URv < comtour) & (LLv
{{0lv < comtour) & (LRv < contour) & (URv > contour) & (LLv >

A

db e 1;
reverse » 1;
secondRn « 1;
Bnd;

xpos = gridlongl(i,.i}:
ypos = gridlat(i,j);

Do side « 1 To &;
If reverse » : & db « 1 Then side = 3;

If foundl = 0 Then do;
If side = 1 & foundl e 0 Then do;
If ({ULv < centour) & (URv > contour}) Then do;
foundl « I;
8l e 1;

Then GoTo skipit;
Then GoTo akipit:

contour)) |
contour)) Then do;

centour}) |
contour!) Then do;

X1 e xpos - (((contour - ULv) / (URv - ULv)) * xinc):

Y1l « ypos;

ind;

If ((ULv > contour) & (URv « contour)) Then do;
foundl « 1;
= 1;

Xl » xpos - {{(ULv - contour) / (ULv - URv)) * xinc);

Yl = ypos:
nd:
&nd;

If side « 2 & foundl « 0 Then do;
1f ((URv < contour) & {LRv > contour)) Then do:
foundl e 1;
2 = 1;
X1 = xpos - xine;

Y1 = ypos - {{(contour - URv) / (LRv - URv}) ¢ yiac):

Bnd;

1f ((URv > contour) & (LRv < contour)) Then do;
foundl « 1;
2 = 1;

X1 « xpos - xinc;

End;
end;

I£ side = 3 & foundl e 0 Then do;
If {(LLv < contour) & (LRv > contour)) Then do;
foundl = 1;
3 = 1;

¥l « ypos - {((URv - contour! / (URv - LRv)) * yinc};

X1 o xpos - (((contour - LLv} / (LRv - LLv)} * xinc):

Yl = ypos - yinc;

ind;

1€ ((LLv > contour) & (LRv < contour)) Then do;
foundl = I:
83 = 1;
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Bnd;

X1 = xpos - (((LLv - contour) / (LLv - LRv)} *® xinc);

Yl « ypos - yine;
Bnd;

If side = 4 & foundl =« 0 Then do;
1f {{ULv < contour) & (LLv > contour}) Then do;

Bnd ;

foundl e 1;
4 - 1;
X1l = xpos;

End,

If {({(ULv > contour) & {LLv < contour}) Then do:

foundl » 1;
a4 = 1;
Xl =

Yl = ypos - ({{cocntour - ULv) / (LLv - ULv)) *

xpos;
Yl « ypos - ({{ULv - contour) / (ULv - LLv)) *

Bnd;

If contour = ULv & foundl

foundl = 1;
€l = 1;

X1 =« xpos;
Yl = ypos:
Bnd;

If contour = URv & foundl

foundl « 1;
€2 = 1;

X1 e xpos - xinc;
Yl e ypos:

Bnd;

If contour = LLv & foundl

foundl « 1;

el e 1;

X1 =« xpos;

Yl = ypos - yinc;
?md;

If contour « LRv & foundl

End; /¢

foundl = 1;
c4 = 1;

X1 = xpos - xinc;
Yl « ypos - yinc:
Brd;

FOUNDL = O ¢/

1f foundl < 1 Then do;
1f contour =« ULv & ¢l « O

d;

1f contour « URv 6 2 « 0

it s

End;

found2 e 1;
xpes - xinc:

g

= @ Then do;

« 0 Then do;

= 0 Then do;

= 0 Then do;

& found2 « 0 Then do;

& found2 « 0 Them do;

& found2 « 0 Then do;

ide = 1 & 81 = 0 & found2 = O Then do;
If ({ULv < contour) & (URv > contour)) Then do:

found2 e 1;

X2 « xpos - (({comtour - ULv) / (URv - ULv))

Y2 « ypos:
Bnd;

If ((ULv > contour) & (URv « contour)) Then do;

found2 « 1;

X2 =« xpos - ({{ULv - contour) / (ULv - URv})

Y2 = ypos:
&nd;

If gide « 2 & 82 = Q0 & found2 « 0 Then do:
If ({URv < contour) & (LRv > contour)! Then do;

End;

found2 « 1:
X2 « xpos - xinc;

Y2 » ypos - (((contour - URv} / (LRv - URv})

tnd;

If ((Ukv > contour) &
found2 e 1;
X2 = xpos - xinc;

End;

(LRv < contour)) Then do;

Y2 o ypos - ({{URv - contour) / (URv - LRv))

If side « 3 & 83 » 0 & found2 « 0 Then do:

If ({LLv < contour) &
found2 = 1;

X2 « xpos - (({contour - LLv) / (LRv - LLv})

Y2 = ypos - yinc:

{LRv > contour}) Then do:

.

yinc) ;

yiac) ;

xine) ;

xinc);

yiac);

vine);

xiac);
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Bnd;

If ((LLv > contour} & (LRv < contour)) Then do;
found2 =« 1;
X2 « xpos - ({(LLv - contour) / (LLv - LRv)) * xine);
Y2 « ypos - yinc;

end;

End;

1f side = ¢ & 84 =« 0 & found2 « 0 Then do;
If ((ULv < contour) & (LLv > contour)) Then do;
found2 = 1;
X2 = xpos;
Y2 « ypos - ({(contour - ULv} / (LLv - ULv)) * yinc);
End;
If ((ULv > contour}) & {LLv < contour)) Then do;
found2 « 1;
X2 « xpos;
Y2 = ypoa - ({{ULv - contour} / (ULv - LLv)) * yiac);
End;
End;

End; /* POUNDlsl */
db = 0;
Bnd; /¢ SIDE ¢/

If (X1 « 0 & Yl »0) | (X2 « 0 & Y2 » 0) Then GoTo akipPlot;

TAl *if this if is true then the condition is a contour value equals
‘a vertex and the current grid cell under investigation does not
‘have any other occurrences of the contour value in it, either
*in other verticies or on any sides. The simple remedy is to juat
‘skip the plotting of that line. A more complex solution is to set
‘more check variables. Note that the solution implemented hers
‘will only work if the origin (0,0} im not in the plotting space.
‘that is, and therefore not a valid point for plotting.

.

/

xoutsxout//x1;
youtsyout//yl:
fnefn//‘move’ ;
contscont//contous;

xoutexout//x2;
youtsyout//ya:
faetn// draw’;
contecont//contour;

1f secondRn = 1 Then do:
reverse « 0;
db = ¢;
secondRn = 0;
foundl « 0;
found2 « 0;
GoTo repthun;
=d;
skipPlot:

X1

a1
2
(%}
[ L}
el
e
(-]
c4 = 0;
skipic:
Bnd; /* 3 ¢/
End; /o { */
End; /* contour ¢/

/1

latrangeslatmax-latmin;
longrangelengmax-longmin;

xoute (Xout/100) *longrangelongmin;

youtslatmax- (yout/100)* h:nng.e:
./

contoutefuzz(cont) ;

A

1yout[| :

create anrorawl from done(colnamee{x y contour}];
append from dcne:

create annoraw2 froa fa(colaames{function}):

append from fza;
ginish;

run getgrid(grid,gridlat,gridlong, rows,cols) ;
run mainbody (grid,gridlat,gridlong, rows,cols);

QUIT:

Appendix B, page 221



data annoraw;
merge anncrawl annoraw2;
run;

/'
sgridplot
./
/*** PINAL DISPLAY eeos/

data plet;
set annoraw;

colore'black'; hsyse'l‘; xsyss'2'; ysyse'2'; size«0.l; linesl;
whens'a'; provinces'-1*;

x=édrex;
y=&d2rey;
if contoure0 then do:
s12ee.7;
end;
else do;
sites.3;
end;
Tun;
Spcastas
data peaplot;
length function $8;
set plot origdee:
run;
mend contour;
/*

goptions hsize « 6 IN;
proc GAXNO annoeplot datasys; run;
.

/

mapit.sas

This program generates the graticule, labels, coastlines and shading necessary for the basemap. It
combines this information with the contouring, point and point Iabel information and reprojects into the final

form of the individual maps.

/** MAPSTART .sas to plot a basemap °*°/

tmacro GRATICUL;
gopticns reseteall DEVsWIN targetewinPRTG /*nopolygonfill nofill nopelip */:

tlet xminaS50;
tlet xmaxe160;
tlet ymine60;
flet ymax=88;

tlet stlongetxmin;
tlet stlatebymin;

let edlongetxmax;
tlet edlateiymax:

data latlong;

do long = &stlong to &edlong by S;
late&stlac;
functione 'move’;
output;
latsgedlat;
function=‘draw’;
output;

end;

do lat =« &stlat to &edlat by S;
do long e &stlong to &edlong by .S
if long = Gstlong then functicne’'move’;
else functioms‘draw’;
output;
end;
end;
run;

data grid;
length color $8;

set latlong:; /° specify line 2 when
retain xsys ysys °2‘ hsys '3’ color ‘black’ /*line 2¢/ line 1 size .05 /* when °‘a‘'+*/ provingce °*-1° ;

xelong®ed2r;
ye=lateedar;
run;

data gratlabl;
length function style $8 text $20.
retain province "94'; angles-12;

/* latitude labels */

printing direct to printer ¢/
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Xe124°6d2r; ys70°6d2r; positione’0’;
style='SWISSB'; texts'70’; output;
Xa.; y=.;
stylee'special’; ctexts'0’; output;

Xw124°&d2T; y=75°4d2r; positions'0’;
styles'SWISSB'; texts'75'; cutput;
X®.; Ye.;
stylee‘special’; texts'0‘; output;

xe124°6d2r; ye80°&dir; positions’Q’;
stylee 'SWISS'; texte'80'; output;
Xxs.; Yye.;
stylee’gpecial’; texts'0’; output;

Xel124°6d2; ye85°6d2r; positicns'0’;
stylee'SWISS'; texte'85'; output;
Xa,; ya,.;
styles‘gpecial’'; texts'0‘'; cutput:

/* longitude labels °*/
Xell1*&d2r; ye84.5°4d2r: positions‘Q‘;
atyles'SWISS': texte°110'; angles‘-20';output:
Xa.; Ye.;
styles'special': texte'Q‘; output;

2=121°&d2Y; y=84.5°%d2r; positions‘'0Q';
atylee'SNISS'; texte’®120'; anglee’-10°;output;
Xe.; ye.;
style='special'; texze'0'; cutput;

Xellleid2r; ye84.5°¢d2r; positions‘e*;
styles’'SWISS'; texte*110'; angles’'0';output;
Xe.; Ye.;
stylee’special’; texts'0'; output;

xe101°6d2r; yw84.5%°6d2r; positions'0’;
stylee«'SWISS'; texts'100'; anglee'l0*;output;
Xe.;: ye.;
styles'special’; texte'd’'; output;

xe 91°6d2r; yw84.5°6d2z; positions‘o’;
styles*'SNISS’; texte'90'; angles'20’;cutput;
Re.; y=,;
stylee'special’'; texts'0'; output;

xe 81°6d2r; ye84.5°6d2r: positicne’0’;
stylee'SWISS'; texts*80'; angles'10’';output;
Xe.; ys.;
styles=‘special’; texts'0’; output;

X= 719&d2r; y=83.0°6d2r; positione’Q’;
styles'SWISS': texte'70'; angles'40’';output;
Xa,; Ye.;
stylee'special’; texts'0'; output;

un;
twmend GRATICUL;
tmacro fnn:

data frame;

length function coler style $8 text $20;

retain xsys ysys ‘2' hsys ‘1’ color ‘black' lice 1 style ‘empty’ size

province *-5°;

functione'move'; xs&xmincon; ye&ywincon; output;

functions‘label’; styles’'special’; texts'J'; positions’'s‘’; output;
Xaf)mincen; yes&ymaxcon: output;
functione'label’; styles'special’;: texte'J': positiocne’s’; output;
functicne‘draw’ ; & ; yeby : put;
functions*label’; stylee'special': texte'J'; positioms's’'; output;
functione'draw’; xe&xmaxcon; ye&ymincon; output:
functiocne'label’;: style='special’'; texte'J*'; positicne's’'; output;
functions'draw’; xs&xmincon; ys&ymincon: output;

un;

tmend frame;

tmacro basesaps:

data canarea;
set maps.canadad (wheres(province in ('60° '61') and density < 6));
myidel;

run;

data GRNarea:
set maps.worldmap(wheree{id « 405));
provinces-98°';
wyide2;

ran;

data Alarea:
set maps.states (wheres(gstate « 2 and density < 6));
provincesr99°;
wmyidel;

oun;

data colors:

.4 when
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/* color list is specified during final GREPLAY output ir a GOPTIONS statement */

ayidel;colorael ;output;
wyidel;colorse2;output;
wyidel;colorse2;output;

un;
toend basemaps:

tmacro mapit;

daca

wn;

PROC

gridfeed;
set eql.finlocy;
longe-1tlong;

GIGRID dataegridfeed cutspcagridl;
grid longe*late&factor /

spline smoothe.0001

axislel26 to 60.66 by -.66 /%120 to 60.6 by -.6°%/
axis2+83.83 to 67 by -.17 /°83.86 to 70 by -.14%/;

un;

data _null_;
set pcagridl;
file *d:\atkinson\racbdata\junkgrid.img®;
put &factor;

Tun;

Scontour

data all;
length functiom $8;
set pcaplot canares GRMarea grid gratlabl:
if xsyse'' then xsyss‘'2';
if ysys«‘' then ysyss'2’;
drop factorl factor2 factord factord factorS density long lac;
output;

un;

PROC GPROJECT datasall outegetone

TuR;

ROC

un;

data

un;

/* The following is to correct a problem wheredby the clipping noc GPROJECT

*/
data

Lun;

projectsgnomcn
polelongel10;
id province;

means datasgetone min max nopring;
var x y;
OUEDUL OULSECATS MineAinx MIiNy MAXSMAXX WAXY:

_hull_;

DEVRATXsRAXX - { . J0*xTange) ;
newvainxsainxs (.34 *xrange) ;

DeVBAXY=@aXY- ( .17*yTange) ;
newainyeainys (.30*yrange) ;

call sywput('xmincon’,newainx);
call sywput (‘xmaxcon’, newmaxx) ;
call symput (‘ymincon', newminy);
call symput (‘ymaxcon',newsaxy) ;

for eome unknown reascn chops off the first MOVE command in

the annotate dataset. To remedy this the first MOVE cossmand

cbeervation is stored in dataset DUMB, the entire dataset

ie clipped (where the first value gets chopped off). and the

chopped value is then re-added after the clipping. If the

first MOVE command is missing AMCOTATE starts the line at the

procedure area origin in the lower left corner, connecting the

origin with the first contour vertex, which results in a contour
line moving to a point outside the map bax frame.

dumb ;
set setone;
if _a_el;

PROC GPROJECT dataesetone cutsget2

uR;

latmaxetymaxcon
latminsgymincon
loogmineaxmincon
longmaxsLxmaxcon
PTOjeCtoiONE

id province;

/* Thare is a problem whereby the last contour move/draw does a0t have

completeing draw. This causes a line to protrude beyond the border

of the map. The following searches t gh the DS and r
this occurrence (seems to work okay now).

./
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data setl;
set set2 endelast:
aheads_n_eol;
oldfuncefunction;
if last then stop:

set set2 pointeshead;

newfuncsfunction;

if oldfunce®move® and not (newfunc = *move® OR newfunc e °draw®) then returmn;
else output;

run;

data settwo;
set dumb setl /*set2e/;
Tun;

data mapproj anncproj; /* peel out annotate items (graticule, points) ¢/
set settwo;
if province in (*-1* *-2°* *-3' ‘*-4' *-5' *93' '94' '95') then output annopro);
else output mappro]:

run;
Sirame
data annc;
length function color style $8 text $20;
set annoproj /*points */;
{if province ia ('-1' *-2°* '-3}' '-4' °-5') then do;
output;
end;
if province « '94' then do:
XSyss‘'2'; ysyse'2'; hayws'}’; whene‘a‘;
functione'label’'; sizesl; colore‘'dlack’;
output;
un;

data maintitl;
length stmoval edmoval $9 text $20;
stdate=astarttm; eddateeiendtm; facte*&factor®;
h(stdate) ;
edmonthesmonth (eddate) ;
if stmonthel then stmovale®Jan®:
it 2 then le®Feb*;
if stmonths] then stmovalsMare;
if stmonthed then stmovals*Apre;

it heS then le*May®;
it he§ then la®Jun®;
if stmonthe? then stmovale®Jul®:
it 8 then le*Aug®:

if atmonthe$ then stmcvaleSep®;
if stmonthel0 then stmovale®Oct*;
if stmonthsll then stmcvale®Nov®;
if etmonth=12 then stmovale®Dec®;
if edmonthel then edmovales*Jan®;
if edmonthe2

if edmonthel d :
if edmonthsq then edmovals*Apre;
if edmontheS then edmovale‘May*;
if edmontheé then edmovale‘Jun®;

if edm 7 then edm le*Jule;
if edmonthe$ then edmovale®Aug®:
if edm he9 then edmovale‘*Sep*;

{f{ edmonthel0 then edmovale=*Oct*;
if edmcnthell then edmovals*Nove;
if edmonthel2 then edmovals®Dec*:
retain function °‘label’ style °*SWISS' size 2.5 xsys ysys 'S’ hsys '3}°' color ‘black® when ‘a’ position °*>*;
texte'Start: '||trim(stmoval) ||’ '|ltrim(left(day(stdate))} ||’ *|ltrim(left{year(stdate)));
Y=92: xa70; output:
texte'End: ‘||trim(edmoval) ||* '|[trim(left(day(eddate)}) ||’ °||trim(left(year(eddate))});
y=89; x=70; output;
if *afactor® e« 'MnT’ then texts"Mean temperature®;
else if °&factor® = 'factorl' then texte®Compcnent One®:
else if *&factor® = ‘factor2’ then texts°Component Two®:
else if “&factor® = ‘factord’ then texte*Component Three®;
else if °*&factor® « ‘'factorS’' then texte*Compcnent Pour®:
else texte*Component Pive®:
y=85; xe70; output;
drop std dd. fact h stmoval edmonth edmoval:

™R

data plotper:;

length fact $2 style color $8 text $20 ;

set percent:

factetrim(left (&factor)):

if &factoraPACTORS then factstrim(left(factord)):

if &factorePACTORS then factetram(left{factorS)):

sumstnetrim({left (dtotlatns)):

retain function ‘label’ style 'SWISS' size 2 xsys ysys 'S’ hsys '3’ color 'black’ when 'a' positica '>';

if *&factor® ne ‘MnT’ then do;
texte'Explained var: ‘[[fact||'%'; ye82: xe70; ocutput;
end;

texte'Stations used: '||[numstz; ye80; x=70; output;

if *&factor® ne 'MnT’ then do;
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texte'Contour interval: 20°; ye?7; xa70; outpur;
texts‘heavy line « 0'; ya75; xs70; output;
end;
else do;
texte’Contour interval: 1°'; ye?7; xe70; positione‘0’; output;
styles=‘special’: texte'0’;: y X=.; output;
otyles= 'SWISS'; texte’ C*'; ym.; Xe.; Output;
end;
drop factorl factor2 factor) MaT factord facrtorS pid fact;

/+ Pigure label - only for final printing °*/

if ("Gletters®«'YES' AND *ifactor® « ‘factorl’) then do;
functicne’'move'; colore'white'; x=8; ye85; outpul:
functicas‘bar'; xs=16; ye93; output;
functicns'label’; xvl0; ys98; texts'A’'; xSySe'3'; ysyss'}';
positione‘9'; styles'swissb’; colore'black’; sizes6; output;
end;
{¢ ("Gletters®='YES®' AND *ifactor® = 'factor2') then do;
functicne'move'; colors‘white'; xs8; ye85; cutput;
functions='bar’; x=16; ye%); output:;
functicne'label’; xel10; ye98; texte'C'; xsys='3'; yayss'}‘;
positions'9’'; styles'awissb’;: colore'black’'; eizee§; output;
end;
if ("Gletters*='YRS® AND *ifactor® = ‘factorld’) then do;
functicns'move’'; colors'white'; xe8: y=85; ocutput;
functions'bar’; x=1§; y=93; output;
functions'label’; xsl0; ye38; texts‘'B'; xayse'l’'; ysyss'}’';
positione*9°; stylee’'swissb’; colors'black'; sizes6; output;
end;
if (*Gletters”='YES* AND *afactor® « ‘factord') then do;
functione‘move’; colors‘white'; xe8; yedS; output:
functions'bax’'; xs16; ye33; output;
functione‘label’; xsl0; ye98; texta'G’'; xsyme'l’; ysyss'l}’';
positione*'9’; styles'swised'; colore’'black'; sizesé; output;

end;
if {*Gletters®='YES®' AND °Lfactor® e« ‘factorS') then do;
functions‘move’; colore‘'white®; xe8; ye8S5; output:
functione‘bar’; 16; ye33; output;
functicne'label’;: x=10; ye98; texte'l'; xsyse'l’; ysyse')’;
positions*9'; etylee'swissd’'; colors‘'black*; eizeeé; output;

if (*Gletters®«'YES®' AND *&factor® « 'MnT'] then do:
functione'move’; colore'white'; xe8; ye85; output:
functione'bar'; xel§; y=93; outpuz:
functione‘label’; xel0; ye98; texts'K’'; xsys='l'; ysyss'l}‘;
positione*'9’; stylee'swissd'; color='black’; sizee6: output;
end;

/* box around the title secticn to mask the contour lines ¢/
functione‘move’; colore’'GRAYF9': xe69: ye73; cutput;
functione’'bar'; xe9): yed0: output;

data annoall;
set anno frame maintitl plotper;

goptions hsizeel.S in veites).$ in colorss(grayE9 grayF9 grayf$) noprompt:

patternl vesolid;
pattern2 vesolid;
patternl vesolid:

proc GMAP wmspesapproj datascolors annoeanncall
tif &factor ne MnT Vthen GOUTeplots.plota:
telse GOUTeplots.plots: /* change to plots.means if it needs to be permanent

id myid;

chore colors / %if &factor ne MnT Sthen names*fpltname*:
telse name=*Lpltname*;
nolegend
coutlinesblack

H

Tun;
qQuit;
Smend mapit;

/n
data points:
length name S 20 province § 2:
input name $ & latdeg latain longdeg longmin province
xe&d2re (longdegelongmin/60} ;
y=&d2re (latdegelatmin/60) ;
keep name x y province;

cards;
Bureka 80 00 85 56 95
Resclute Bay 74 43 94 59 95
Alert 92 20 €2 30 95
mould Bay 76 14 119 20 95
Cambridge Bay 69 07 105 01 95
Isachsen 78 47 103 32 95
Iqaluit €1 45 68 33 95

*/
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Hall Beach 68 47 81 15 95
Barter Island 68 00 140 00 95

BarTow €8 00 150 00 95
Sachs Harbour 7189 125 17 R
Pond Inlet 72 40 78 00 9
Rea Pcint 75 21 105 43 32
rua;
./
/I
tgraticul
tbasemaps
Smapit

e/
running-mean.sas

This is a function that will determine a running mean. SAS does not have a readily accessible running mean
function and | found their programmed solution to be limited. | made this one which can handle any number
of input columns and it can be told not to process certain columns, such as a date or label field; the

bandwidth can also be user specified, as can a weighting option.

/*** Smoothing option eee/

/** pass in parameters: (original DS, smoothlevel, output DS. weight option, name of var to skip) *¢/

/** whare original DS has cne or more columns of numeric data

smoothlevel is 3 S 7 9 11 etc and is the number of pointa used to compute the local sean

output DS is the output dataset; can be the same name as original for replacesent
weight option is ¢ 1 2 3 etc and determines the magnitude of the weightnig
name of var to skip is the name of a variable column to NOT apply smoothing to
(eqg used to skip & data variable, for exasple

.l/

fmacro swooth({crig0sS, smlevel, outDS, weight, keeplist);
data cutDS; set &origDS; keep &keeplist: run;

proc transpose datascutDS cutedonetran; run;
data donetran; set donetran: Stos_name_; stnnoes 0 _; keep stn 6tano: run;
proc univariate dataedcnetran DOPrint; OULPUL OUCaCOUNCt Ren; run;
proc univariate data=&origBS noprint;: output ocutacount2 nen; run;
data _null_; set count; call symput (‘numstns’.trim(left(n)));

set count2; call symput('numcbe’,trim(left(n))):

call symput('stnlist’,’ *);

Tun;

tdo stncntel fto &numstna;
data _aull_; eet donetran; if _o_s&etncnt then call eywput('cursta’,eta);run;

data runanéstnent;
array vale{aoumcbe):
retain vals;
set &origDS endelast:
vals{_n_}e&curstn;

if last then do;
do je1 to &numocbe;
keep &curstn;
tlet ince0;
Slet maxinceteval (ismlevel/2):

/'
tdo smcountsl tto teval (ésmlevel-1} by 2:
Slet inceleval (&incel);
Vlet weitdiveteval (komlevelel. (amaxinc-1) *aweight) ;

$if &weight oe 0 Mthen tdo;
tlet wtvaleleval (kweight®Veval (amaxinc-&inc));
tlet mainwtelteval (Gweightetmaxincel) ;
Send;
Yelse tdo;
tlet wtvalel;
Vlet mainwtel;
tend;
Sif &wtvaleQ tthen Vlet wtvalel;

¥if &emcountel Sthen tdo:
tlet excludesiinc &numocbs;

Slet curelems=vals{i}ctmsinwtsvals{i-1}*awtvalevala{iel}eswtval;

Send:
Selse %do;
Vlet excludeséexclude &inc Seval (anumobs-Seval{&inc-1));

Slet curelemssécurelemsevals{i-siac)eewtvalevala{ieginc)oawtval;

Send;
tend;
e/

if aemlevelel then do:
if i in (1 &numobs) then do:
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&curstna,;

output;
end;
else do;
&curstne (vals{i-1}e(vals{i}*3)evala{ielr}}/s;
output;
end;
1f asmlevels$S then do:
if 1in (1 2 & be teval (& bs-1}) then do;
&curstns. ;
output;
end;
else do;
&curstns (vals{i-2}e(vala{i-1}*1)e(vala{i}*l)e(vals{isl}*1)evale{ie2})/s;
output;
end;
end;
1f Gsmlevelell then do;
ifiin (123456 bs teval (& bs-1) Seval (anumobs-2)
teval (knumobe-3) teval (& bs-4) Veval(& ba-5)) then do;
&curstns. ;
output;
end;
elee do;

scurstn=(vals{i-6}evals{i-S)evals{i-d}evala{i-3}evala{i-2}evals{i-1}evala{i}evala({iel}evals{ie2}evala{iel}
ovala{ied}evals{ieS}evals{ie6})/13;
output ;

end:.

end;
Lun;

%if Gstncnt e« 1 Vthen Stlet stnlist = rummnkstacnt;
telse tlet atnlist « &atnlist runmmEetncnmt; /¢ build up names for a merge statment ¢/

tend; /° stacnt do loop */
data stopgap: serge &stnlist;/® dte n_; ¢/ run;

data &outDS;
set stopgap;
if n_el then do:
soncountel;
fullented;
end;

fullent=fullentel:
dtefullent;
acncountsacncountel;
if moncounte3l then do;
do gapel to 4;
PRINle.; PRIN2e.: PRINJe.; PRIN4e.: PRINSs.;

fullentsfullentel;
deefullent;
output;
moncountsl;
end;
output;

drop gap moncount fullent;
retain moncount fulleme dt;
un;

twend smooth:

/.

Semooth (pcatest2,13,pcatestl,2, PRINI PRIN2 PRINI PRIN4 PRINS)
./

P-pcomp2.sas

This is the main program that calls the others and which draws their output together. In here are produced
the component score time series plots; here as well the actual PCA is performed. All plots and maps are
assembled for final display. There are a number of options that can be set, including how many pages of
output, how many component results are displayed, mean temperature piot display, output may be directed
to screen, file or printer, whether or not to remove the seasonal trend and to perform running means,
whether or not to perform component rotation and which type, whether to confine an analysis to AES data,

and, of course, over what time period to perform the analysis.

/e*** program P-pcowps.sas performs the prinicpal components analysis
for exieting data during the time period selected and prepares
the output for mapping.

This program is called from program P-overall.sas. In there is
specified over which years the program is to be run.
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essey

tmacro HUGE;

Slet fignameeASMGPIGNO:

Vlet AESOMLY= YES; /¢ limit stations to AES stations °*/

Vlet mincbs « 90;
Slet smoothcksNO;

Slet smoothvlas;

Slet normPCASYRES;

tlet onepagesNO;

Slet letterssYEs:
Slet origtempeYES;
Slet killhumpeNO;

Slet limfacteNO:
tlet numfactsl;

Slet fileoutsPIL;

Slet typee«PNR;

/* minimum ¢ of observaticns a station must have o/
/* toggle to smooth data (running mean of period SMOOTHLVL) before PCA ¢/

/* toggle

/* toggle YEBS if only

if & full 2-sheet PCA result ism desired LEAVE AT YES +/

the first page is desired o/

/*toggle YEBS toturncn a b c d e ¢ labels oa plots {for final pub only! +/
/* toggle to plot original temperature time series for all stationa */

/* toggle to remove seasonal trend ¢/

/* toggle to limit factors to one or two ./

/* limit ¢

actors to value shown */

/* PIL for output to file, SCN to screen. PRT to send to printer ¢/
/* PMR for PCA, no rotation
PRV for PCA, rotation Varimax rotaticn - CIry now with ) ecores retained
PNR for common factor., no rotation
YRV for common factor, Varimax rotation

*/

Slet retaineS; /* aumber of factors to retain for rotation ¢/

tlet rotypesvarimax; /¢

specify rotation type: varimax, equamax, orthomax, parsimax, promax, quartimax ¢/

/*%* Sub-Domain atability testing - specify lat/long belt to remove stations beyond ees/
/® toggle YES to run sub-domain testing °*/

tlet SDlimitelong>-95; /¢ state the entire condition to RETAIN points ¢/

Vlet SDmaplimelong»-100; /* state the sap limiting condition (beyord data boundaries) ¢/

tlet SDTESTaYRS;

options pagesizes~6€0 linesizes60;

Sglobal starttm endtm

Slet d2reatan(l)/seS;
Vet idtype « pespid;

libnase pcep 'd:\atkinson\sas
liboame plots ‘e:\sastesp\'; run;
liboame sql 'd:\atkinscn\sas\data\'; run:

data _null_;

\data\'; run;

length monthsvl monthevl $9;
YeArptayear (hstartta) ;monthptescach (sstartts)

call symput(’monthpt’,trim(left (mont
call sywput('monthsvl’

Tun;

Data basetime;

it

msonthptel
acnthpts2
mcnthptel
sonthpted
sonthptes
sonthptsé
sonthptae?
sonthpted
|ontiptes

then mcnthsvie®Jan®;
then monthsvla®Ped®;
then monthsvle®Mar®;
then monthavie®Apre;
then monthsvie*Ray*;
then monthsvla®Jun®;
then sonthsvietJul®;
then monthsvle®Aug® ;
then msonthavle®Sep*:

ptelo
monthptell
acathpts12

sonthpteel
sonthptes2
monthptes3
acnthptesd
aonthptess
monthptees
|sonthptes?
sonthptess
monthptes9
sonthptesl
aonthptesl
|sonthpteel

then hevie*Oct®;
then sonthavlietNove;
then sonthavl="Dece®;

then monthevie®Jan®;
then menthevie®Feb®;
then senthevls*Mare;
then monthevls*Apre;
then monthevle®maye;
then monthevle®Jun®;
then monthevls*Jul®;
then monthevis®Aug*;
then monthevis*Sep®;
0 then monthevle®Oct®;
1 then monthevle®Nove;
2 then monthevie*Dec*;

DO date =« astarttm TO cendta;

output;

CATA MULL_; /* determine and assign identifier type

if yeariistarttm) < 1984 OR
if year(&szartem) < 1987 and
if year(sstarttm) > 1988 then call symput (' ideype’,

TR ;

DATA baseds:

set pesp.done;
/* format &idtype $7.; o/

keep &idtype dbtemp edate:

sdate « datepart (date);

if datepart(date) ge cetartta and datepart (date) le &endtm then output;

un;

year (astarttm) = 1987 OR year(&starttm) « 1988
year (catarttm) »1983 then call sy®mput (*idtype’. 'aesid’);

d2r xmin Xmax ymin ymax factor MONTHPT YEARPT MONTHSVL MONTHEVL CLYDETAG;

smonthptesmonth (Gendem) ;

hpe) ) ) ;call SYmput ('yearpe' trim(left (yearpe)}):
.trim{left (monthevl))) ;call Symput ('monthevl’,trim(lett (monthevl)}} H

*/

‘charid‘};

then call symput(’idtype-’, ‘pespid’) ;
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$if GAESONLY eq YES VTHEN ADO:
/¢ This empties the DS baseds - i1 sust exist iz an empty state ¢/
DATA baseds;
set baseds:
if dbtemp > 10C0 then outpul;
keep &idtype dbtemp sdate;
Tun;
\END;

tmacro chards;
Yput Lideype;
%if &idtype o tstr(charid) tthen
tdo;
DATA baseds2; /* only executed 1f CHARID is stn id type */
set baseds:
do i =1 to?;

if (substr(&idtype.i,l)e’ ') or (substr(&idtype,i.l)s*'®) then substr(fidtype,i,l)e'_*;

if (esubstr(kidtype,i,l)s'?') then substrikidtype.i,lle’X’;
end;
thestn = gubstri{&idtype,l,6);
drop &ideype;
retuzn;
un;
Send;
Selse
tdo;
DATA baseds2:
set baseds;
thestn e &idtype:
drop &idcype;
return;
Tun;
tend;
Wmend chards;

Vchards

/* this combines twice daily observations ¢/
proc means datasbaseds2 noprint maxdecel fweS nway:

class thestn sdate;

var dbtesp;

outsb d,

P
RUN:

data _null_; call symput(‘numstas’,Q}; run;
/* Reset numstns to 0. If stnids has entries this will be reset,
otherwvise it must be zero. ¢/

/* output list of stations and retain only those statiocns
with > a certain number of cbservaticns */

data basexx; set basedsm: i temp ne . then output; else return; keep thestn; run;

proc freq datasbasexx noprint;
tables thestn /outedbasecnt;

daca um"dl:
set basecnt endelast;
if a_ e 1 then tally « 0;

retan tally:
currstnethestn:;
keep currstn;

if count ge &mincbs then do;
outpue;
tallyetallyel:
end;
if last then call sywput('numstns',tally};

Slet obno « 1;
Slet count e 1;
Slet nowstn = 1;

Smacro dsmake;
fput &numetns:
%do Vwhile (&count le &numstns):
DATA _NULL_:
set stnids;
i€ _n_ = &count then do:
astn « lefti{currstn): /* necessary. otherwise
currstn is right justified
in a wide field and the macro
processor does not interpret
the result properly */
call symput (‘nowstn',metn);
end;
un;

/°* ORIGINAL VERSION *°/
DATA DS&count;
set basedsm;
date « sdate;
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format PCinowstn 5.1;

PCLNOWSTR « temp;

keep date PCanowsta;

if thestn = symget (‘nowstn') then output;
run;

Vif &count < 1 tthen Vlet setstore « DSgcount;
Selse 3let setstore « isetstore DS&count;: /¢ build up names for a merge statment ¢/

Vlet count e Yeval{&count + 1);
VYend;

$if &numstnse0 Sthen Vlet setstores/* NO PCSP DATASETS +/;
/* reel in ARS daza ¢/
libname aes 'd:\atkinson\sas\daca\aes\’'; run;
DATA ARSPCSPx;
serge basetime
aes.resbayd (renane« (antsresolutT) }
aes.alertd (rename= (untealertT))
aes. kad (r {mnt T))
aes.hallbd (renames (mntehallbT))
Vif Gyearpt lt 1976 OR (Gyearpt eq 1977 AND emonthpt le 06) Sthen aes.clyde(renamee(mnteclyde)):
$if &yearpt 1t 1977 AND &yearpt ge 1975 tthen aes.arctbd(renamee (mntsarcticb});
IAd Yif (syearpt eq 1974 and emcnthpt ge 03) Sthen aes.arctbd (renames (matsarcticb)); ¢/
Vif Gyesrpt le 1977 Vthen aes.isacsnd(rensmes (mntesisacsnT));
0if (Gyearpt eq 1978 and wmonthpt le 06) tthen aes.isacsnd({renames (mntesisacanT)):
aes .mouldbd (renamses (antemouldbT))
$if Gyearpt le 1965 Sthen aes.reaptd(renames (mntsreaptT));
$if (Gyearpt eq 1986 AND &monthpt le 03) (then aes.reaptd (renamee (mntsreaptT)) ;
Sif &yearpt ge 1976 Sthen aes.pondid(renames= (mntspondiT));
Vif Gyearpt le 1992 Sthen aes.shepbd(renames (mntesheprd));
if (Gyearpt eq 1993 AND &monthpt le 03) Sthen aes.sbepbd(renames (mntesheprd)):
Sif Gyearpt le 1991 Athen aee.pellyd(renames (mtepellyd));
Sif (Gyearpt eq 1992 and &monthpt le 0S) Sthen aes.pellyd(renames (mtepellyb)):
if (6yearpt le 1992 and &yearpt ge 1500) Sthen aes.holand (renamee (mntsholman)) ;
bif (Gyearpt eq 199) and imonthpt le 06) \then aes.holmnd (renamee (mntsholsan));
8if (Gyearpt eq 1979 and imonthpt ge 09) \then aes.holmnd (renamee (mnteholman));
Wf tyearpt le 1392 Sthen aes.sachsd (renames (mntesachsh));
Sif (Gyearpt eq 1993 AND mcnthpt le 05) Sthen aes.sachsd(renames (mntegachsh));
Sif Lyearpt eq 1975 \then aes.spencd (zenamse (sntsspencbay)):
VM (Gyearpt eq 1974 AND &monthpt ge 06) Sthen aes.spencd (renamee (mntsspencbay)):
tif (Gyearpt eq 1976 AND &monthpc le 09) Mthen aee.spencd (renames (mntespencbay) ) ;
Sif Gyearpt le 1908 OR (Gysarpt eq 1989 AND amonthpt le 07) tthen aes.cambg{renames (mtecambrig)):
Sif (Gyearpt ge 1978 AND Lyearpt le 1990) \Vthen aes.coper{renames(mntecoppermn));
Sif (Gyearpt ge 1977 AND &yearpt le 1993} AND NOT
({&yearpt eq 1980 AND &monthpt le 1) CR
(ayearpt eq 1981 AND amonthpt eq 8)) \then aes.nanis(renames (mntenanisiv)};
¥t Gyearpt le 1990 Sthen aes.baker(renames (mntebakerlk)):

keep date resolutT alertT eurekaT mouldbT pondiT sheprd pellyb holman isscsnt reaptt
sacheh arcticb hallbT spenchay coppersn nanisiv bakerlk cambrig clyde;

if date ge tetarttm and date le &endtm then output:

by date;
Tun;

proc means data=ABSPCSPx noprint; OUtput Outeaescnt fs; run: /* use state to epecify all vars ¢/

proc t dat. out t: oun;

P :

data _nmull_;
length keeplist $200:;
set aescntt endelast;
retain keeplist;
if coll ge &mincbe AND _n_>) then do;
if _n_e4 then keeplistetrim(left(_name_});
elee keepliststrim({left(keeplist)}||* *||trim(left(_name ));:

end;
if last then call symput({'keeplist’', keeplist);

data ARSPCSP;
et AESPCSPX:
keep date &keeplist;

nn;

DATA doneset; /* aes and pcsp stns ¢/
merge basetise AESPCSP ssetstore;
by date;
drop date;

run;

DATA dcneset2;
merge basetime AESPCSP &setstore:

by date;
run;
/* Prep sean temp e d ./
proc means Jataed - 1 noprint; CUTPUL Outemeantemp Weals;: run;
proc t P dat. mp out t; run;

data meantemp: set meantt; drop coll _name_:
if n_ < ) then returm:
if substr(_name ,1.2)«'PC' then do:
pidegubatr(_name_,3);
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types*p*;
end;
elee do;
pide_name_;
types*A®;
end;
mnTeround (coll. .1);
output; run;

Smend dsmake:
Sdemake

/*** Smoothing opt:ion *ee/
Smacro smooth;
Vif “Gsmoothck®«°YES® Sthen \do;
proc t P datasd ocuted: ran; rua;
data donetran; set donetran; stne name_; $tnnos _n_; keep Stn stano; run;
proc univariate datasdonetran noprint; output outecount fsn; run;
proc univariate datasdoneset noprint; output outecount2 nea; rux;
data _null ; set count; call symput(‘numstns’,n); run;
data _null_. set count2; call sywput('numcbse‘.n);
call symput(‘stanlisc’,’ '):run;

Sdo stneatsl Sto dnumetns;
data _null_; set donetran; if _n_e&stncnt then call symput('cursta',stn);run;

data runmn&stnent;
arzay values{anumcbe}:
tetain values;
set doneset endelast;
values(_n_}e&cursen;
if last then do;
do iel to snumchbe;
keep &cuzstn;
if Gewoothvle) then do;
if i in (1 anumcbe) then do:
&CUretne. ;
output;
end;
else do;
&curstne (values{i-1}e(values{i)®3)evalues{ioel))/s;
output;

end;

if &smoothvleS then do;

ifimtid bs teval (s -1}) then do;
&curstne. ;
output;
end;

else do;
&curstne (values{i-2}e¢(values{i-1}*3)e(values{i}*5)+(values{isl}®l) svalues{ie2})/13;
output;

end;

end;

Vif gatnent « 1 Sthen llet stalist o runmméstacnt;
Selse tlet stnlist » &stnlist runmngstacnt; /¢ build up names for & merge statment °/

Send; /¢ stacae do locp */
data doneset: merge &stanlist;run;
Send;
tmend smooth;
tsaocoth
/°* seascnal curve removal */
Smacro HUMPCHK;
tif GKILLHUMPeYES tthen tde;
proc univariate dataedcneset noprint; OULPU OUTeCOUNt2 nen; run;

data _null_: set countl: call symput('numobe’,n);run;

VHUMP (Gnumobae )
tend:
tmend HUMPCHK:
SHUMPCHK
Smaczo PACTYPR:
mg evee scenee es LTYPE:
$if &TYPEPNR ‘then tstr(proc factor datasd met principal score ocutstatsscore rotatesnone mineigensO;run;);
Vif STYPE=PRV Wthen Wstriproc factor dataed hodeprincipal ScOre Outatatescore rotates&rotype nsgretain;run;):
$if &ATYPE=FNR (then tetriproc factor datasd aeth principal score outstatescore rotatesnone mineigenso

priorssemc:run:);
$if LTYPReFRV tthen

tstriproc factor datasdoneset methodeprincipal #COTe Cutstatescozre rotatesvarisax mineigene0 priorsesmc:run;);
Smend PACTYPE:
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SPACTYPE

proc score datasd e Outepcatest; run;

data score2;
set score;
if _TYPE_e"PATTERN® then ocutput;
if _TYPE_«°SIGENVAL® then do;
MAME_=*EIGENVAL®: ocutput;
end;
format _all_ 6.3 -r:
run;

proc transpose datasacore2 cutesql.scored; run;

proc datasets libraryesql;
modify scorel;
rename _name_sprotopid;
run; quat;

proc univariate datas=sql.scorel noprint; output outetotlstns gen; run;

data _null_;

set totlatns;

call symputi'totlstns’,.n):
Tun;

tmacro POSN:
/** extract a lat/long subset from fulstna, convert identifier to character *¢/

data sql.locsub;

set sql.fuletn;

keep pid lat leng:

if year = &Lyeazrpt then do;
/* pidetrim(left (pcopid) ) ;
L]
/

if year(hstarttm) < 1984 or year(&starttm) « 1987 or year(&starttm) = 1988 then pidetrim(left {pcspid)):;

else if year{istarttm) < 1987 and year(&startta) >1983 then pidetrim(left{subetr(aesid,¢)));

else if year{iatarttm) > 1988 then do;
pideupcase{trim(left (substrietnid,1,6)})));
do i e=1ltos6;

if (substr(pid,i,l)e’ ') or (substr(pid,i.l)e"®'") then substr{pid,i,l)e’'_°;
if (substr(pid,i,l)e'?') then substr(pid,i,l}='X';
end;

end;

Qutput;
end;

data sql.scored; -
set sql.scorel;
if substr(protopid,1,2)«°PC* then do;
pidegubstr(protopid, ) ;
types*pe
end;
else types="A°;
percenteround (eigenval/gtotlatns®*100,1);
drop eigenval protopid:

data percent;
set sql.scored;
keep percent;
un;
/* POR EXPLAINED VARIANCE VALUES OUTPUT ONLY °**/ .
proc print dataspercent; run;

data sql.scored; set sql.scored; drop percent; run;

proc sort dataepercent; by d ding percent;run;
data perstrip: set percent; if _n_c<6 then output: run;
proc t P dataep Tip outsp sTun;
proc datasets
wodify percent;
rename _name_spid collefactorl collefactor2 collefactor) colde=factord colSsfactorS;
Tun; quit;

proc sql noprint;
Create table sql.PCAlocs as
select a.pid, a.lat, a.long from sql.locsudb a, sql.scores b
where D.pid e a.pid and a.pid ne *° ;
quit;

proc sql noprint;
create table sql.ABSlocs as
select b.protopid, a.lat. a.leng from sql.AESlocns a, sgl.scorel b
where upcase{substr(a.staticn,1,l)) = eubstr(b.protopid.l.3) ;

quit;

proc sort datassql.PCAlocs: by pid: run;
proc sort datassql.score4; by pid: run:
proc sort dataesql.ABSlocs; by protopid; run;
proc sort dataseql.score);: by protopid: run;

data egl.finlocl;
serge 8ql.PCAlocs (in=a) sql.scored (ined):
by pid;
if a and b:
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data sql.finloc2;
merge sql.AESlocs (insa) sql.score3 (insb);
by protop:d;
if a and b;

un;

tlet CLYDETAGeN;

data _aull_; /* this sets a tag to better space CLYDE's loading value
set sql.finloc2;
if PIDe*CLYDE* then call symput ('CLYDETAG',Y):

Tun;

proc datasets libraryssql;
modify finloc2;
rename protopidepid;

un;

quit;

proc append basessql.finlocl newssql.finloc2 force; run;

proc sort dataemeantesp cutemeantemp: by pid; run;
proc sort dataesql.finlocl cutssql.finlocl: by pid; run;

data eql.finloct;
merge sql.finlocl meantemp;
by pid; run;

proc sort data=eql.finlocl; by pid descending type: run;
proc sort data=sql.finlocl nodupkey; by pid ; runm;

Ymend POSN;
tposn

tmacro PPLOT:

data pcatest2;
set pcatest;
dte_n_;
prinlefactorl;
prinlefactor2;
prinlefactord;
prindsfactozs;
prinSefactors;
Tun;

data pl p2 pl pé pS:

keep prinl;

set pcatest2;

if PRIN1 then output pl:

if PRIN2 then do:
prinlepring;
output p2;
end;

if PRIN3 then do:
prinleprinl;
output pl;

if PRIN4 then do;
prinlepring;
output p4;
end;

if PRINS then do;
prinlsprins;
output pS:

run;

data xntest2;
set Pl p2 pl3 p4 Ps:

proc univariate datasxntest2 noprint;
var primi;
OUTPUT cutesxnout maAXemax minemin;
run:

data _aull_;

set xnout;

call sywput {‘maxx’',ceil (max));

call symput ('ainn’, floor(mia));

CALL SYMPUT('STDAY'.trim(left (CAY(&STARTIM))));

CALL SYMPUT('ENDAY'.trim(left (DAY (&ENDIM))));
ndayseintck{'day’.&starttm, Gendem) ;
i€ ndays 1t 1) cthen intvlal;

else if ndays ge 13 and ndays 1t 29 then intvle2;
else if ndays ge 29 and ndays 1t 40 then intvlel;
else if ndays ge 40 and ndays lt 55 then intvles:
else if ndays ge S5 and ndays 1t 70 then intvles;
else if ndays ge 70 and ndays 1t 65 then intvles;
else if ndays ge 85 and ndays 1t 130 then intvle?:
else if ndays ge 100 and ndays 1t 115 then intvles;
elese if ndays ge 115 and ndays 1t 130 then intvles;
else if adays ge 130 and ndays 1t 145 then intvlel0:
else if ndays ge 145 and ndays 1t 160 then intvlell;
elae if ndays ge 160 and ndays 1z 175 then intvlael2;
else if ndays ge 175 and ndays 1t 200 then intvlell;
else if ndays ge 200 and ndays lt 215 then intvleld;
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else if ndays ge 215 and ndays 1t 230 then intvlalS;
else intvls3o;

outdayssndaysel;

call symput('numdays’,tzim(left(cutdays)));
call symput('interval’,.trim(leftiintvl})};
aumtickseint (ndays/intvl)el;

call sywmput('sumticks’,left (numticks));

call symput{‘'hlinecnt’,0);
do heat « 0 to outdays;
currdayeday (gstarttmehent) ;
if hent o 0 then do;
olday e currday;
hlocntel;
end;
if currday lt olday then do; M
call symput(‘*hline’||left(hlncnt), 'lhe2 hrefes'||left(hcntel)||* '}:
call syemput (*‘hlinecnt’ . hlnent);
hlncneshlacntel; . *
end:
oldayecurrday;
end;

do cnt » 0 to numticks by 1;

currdayeday (Gstazrttme {(cnteinevl) ) ;
currscnesonth(&starttme (cntvinevl)); B -
if cnt=0 then cldcurrdecurrday:

if currmonsS then sonvie*May*;

if currmoneé then monvla®Jun®;

if curtmons? then monvle®Jul®;

if currmocned then monvla®Auge;

if currmoned then monvlie®Sep*:

if cnts0 then
call symput(‘tek’||trim(left (catel}),
‘ticks’||trim(left(cntel)) || jec ***|[|trim(left(currday)) |]|* =]

|
* Jec *tc|lerim(monvl} || ¢[|* jec 't ||erim(left(byearpt))]|®*);
else do;

if currday 1t oldcurrd then
call symput(‘tck’'||trim(left (cntel)),
‘ticke’{[trim(left(cated)) [|* jec *''||trim(lett(currday))||*' ||
* jec ''*||trim(monvl) |fe ) ;
else
call sywput{'tck'|{trim(left(cntel)}, ticke'||trim(lete(cntel))}{]* jec **¢ ) lerim(lete (curzday)) ||*'*) ;

un;

data _null_;
do x = 1 to GNUMTICKS;
zegymget (*tek' | [lefe(x));
put z;
end;

/1* II"I..'.".""'..Q..tl!".l'lQlt'..‘l.l't".'."..l"'t't'l'/
data figh;
length function style color $0 text $ 14;
/° remember without a length statement SAS automatically assigns & length = to the first

string used. eg without 4 length assignment, text would be length 1 and would
cause PACTOR to print as P and ONE as O */

functione'label'; xe10; ys99: texts'B’; xSyse'3’'; ySyse'l’; hayss'l’;
positione’'9’; style='swissd’'; colors’black’: sizee6; output;
functione'label’; xe10; y=90; texte'Component’'; Xsyse’'3'; ysyse'3'; hsyse'l’;
positicne’9’; stylee'swiss’'; colors’'black’'; sizeel.S; when='a'; ocutput;
functions'label’; xs10; ys86.S5; texte'One: scOres’: xsyse'l’'; ysys='3’'; hsyse=’1’;
positions’9’; styles'swiss'; colore'black’: sizes3.5; whens'a‘; output;
Tun;

data £igD;
length function style color $8 text § 14;
functions'label’'; x=10; y=99; texta®D®; xsyme'3’'; ysyss'3'; hayss'}';
positions’'9'; styles‘'swissb'; colore‘black’;sizes§; output:
functicns'label’: xe10; y=90; texte'Component': xSyss'3’; ysysSs'3‘; hsyss'}';
positione’'s’; stylee’'swiss’'; colors'black'; sizes3.S: whene'a’; output;
functione'label®; xe10; ye86.5; texts'Two: scores’: xsyss'}’; ysysa'3'; hsyas'3’;
positione*9'; styles'swiss'; colors’'black’: sizes3}.5; whens'a’; output;
Tun;

data figFf:

length function style color $8 text $ 14:

functione'label’; x=10; ye99; texte*P"; xsyss'3'; ysyse'}'; hayse'l’;
positicne’9'; stylee'swiseb’': colore'black’:sizee6: output;

functicne'label’; x=10; y=90; texts'Component’; XSYS='1'; yayse'3’'; hayse'}’;
positions'9'; styles'swise’': colors‘black’; sizeel.5; whene'a‘’; cutput;

functione’label’; xe10; y=86.5; texts'Three: 8COTes'; xSysa°*3‘; ysys='1'; hgyss'3‘;
Positione's’; stylee'swiss'; colors‘'black’; sizeel.5; whene‘a‘'; output;

un:

data figH:
length function style color $8 text $ 14:
functione‘label’; xe10; ye99: texts®H*; xsyse'1'; ysyse'3'; hoym='3’;
positione'9'; stylee«'swisad’'; colors'black’;eize«6; output:
functioge'label’;: xel0; ye90; texte'Component’: xsyse‘*3';: yayss'3’: hayss*3°’;
positione'9'; etyles'swiss’'; colore'black*; sizeel.5; whens'a‘; output;
functions'label’; xe10; ye86.5; texte'Pour: scores’: xsyse'}'; ysyse'3'; hayse'3';

Appendix B, page 235



positions’'9'; styles‘swiss’; colors‘'black’'; s:1zes3.5; whene'a’; cutput:
run;

data figJ:
length function atyle color $8 text $ 14:
functions’label’; x=10; y=99; texts*J*; xsyse'l'; ysyse'l'; hayse'3';
positione’9*; style=’swiseb’; colors’'black';size=§; output;
functions‘'label’; xel0; ys90; texts'Component’'; xsyss')’; ysyse'}'; hayse'3’;

positione'y style='gwiss’'; colore‘'black’'; sizes=3.5; whene'a’; output:
functione'label’ el0; y=86.5; texts'Flve: scores’; xsyss'l’'; ysyse'l’'; hayss'3‘;
positione'9°; styles’awiss’; colors’black'; size=3.5; whens'a’; output;
Tun;
data figlL:

length functicn style color $8 text § 14:

tunctions=’label’; x=10; y=99; Cexte®J"; xayss'3'; ysyms'l’'; hsyse'3’;
positions‘9'; styles‘swissb‘'; colors'black’';sizes6; output:

functions'label’; xel0; y=90; texts'Component’'; xsyss'3'; ysyss'l'; hsyme'l’;
positions'9 otyles'swiss’; colore‘'black’'; size«3.5; whens'a‘*

functione'label’; xe10; y=86.5; text«'PIve: scores'; xsyss'}'; ysys
positions'9'; style='swiss’': colore‘'black’; sizeel.5; whens'a'; cutput;

Tun;

goptions /* reset=all */ gunitein targetspsé00 devewin hsizes).S in vsize « 3.5 in

symboll ceblack vedot he.05 iejoin;
aymbol2 cered vestar he.l isjoin;
syebol) csblue vesquare he.l isjoan;

axisl colorsblack
ordere (1l to &numdays by &interval}

labela(hs.13 feawias ceblack jec ‘'Date’

he.09 [feawise ceblack jec ‘Component scores for the dates indicated.®
he.09 feswiss csdblack jec 'Analysis performed on daily temperature data.')

valuee (feswisse
SIF GNUNTICKS LT 8 YTHEN he.1):
AELSE SIP GNUMTICKXS GB 8 AND &NUMTICKS LT 11 VTHEN ha.09:
SELSE he.07;
SDO CNT = 1 STO teval (GNUMTICKS)
&&TCKEQNT
(1. -H ..
) .

valuee (fegwiss he.0S
SDO ONT = &styr 70 &endyr:
GLTCXEONT
put GATCKECONT
AEND;
)
./
ainorsnone

/-
axisl coloreblack
orders(l to snumdays by &interval)
labele(hs.1] feswias csblack jec ‘'Date’)
valuee (feswiss .
VIF GNUMTICKS LT 8 STHEN he.11;
SELSE SIF GNUMTICKS GE 8 AND &NUMTICKS LT 11 VTHEN he.Q9;
SELSE he.07;
$00 QNT = 1 7O Veval (GNUMTICKS) ;
&LTCREONT
AEND;
¥
minorsncne

:

./

axis2 colorsblack
/e labele (he.1) f=gwiss ceblack jesr 'Component' jer ‘One') */
valuee (he.l fagwiss)
lengthal.S in
ordere (iminn to &maxx by 1)
mincrenone

axis3 colorsbdblack

TAd labele(h=.1) feswiss csblack j=r 'Component’ jer 'Twa’ ) ./
valuee (he.1 fegwiss)
lengthel.S in
ordere(4minn to smaxx by 1)
minorenone

axis4 'color-bl.lck

/* labele (he.1] feswiss ceablack jer ‘Compcnent’ jer ‘Three’ } ¢/
values (he.l fegswiss)
lengthel.5 in
ordere(tminn to &maxx by 1)
minors=none

axisS colorsblack

/* labele(he.13 fagwias ceblack jer 'Component' j=r 'Four’ ) ¢/
valuee (he.l feswiss)
lengthel.$ in
orders(&minn to &maxx by 1}
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minorencne

axisé colorsblack

/e labels(he.13 fligwiss ceblack jer 'Component’ jer 'Pive® } ¢/
values(he.l fegwiss)
leagthel.S in
ordere (Gainn to emaxx by 1)
minorenone

proc gplot dataspcatest2 goutsplots.plots Vif &letterssYES tthen Sstr(annos=FigB):
plet prinledt / names"PLOT®
lve2
vrefs(-1 0 1)
vaxiseaxis2
haxis=axisl
00 x = 1 1to teval (GHLINEBCNT);
&&hline&x
SEND;

Tun; quit;
proc gplot dataspcatest2 goutsplots.plots Vif &lettersoYES tthen Vstr(annosPigh):;
plet prin2edt / namee*PLOTL®
lvel2
vrefa(l 0 -1)
vaxissaxisd
haxigsaxisl
D0 x o 1 Sto Reval (GHLINEQNT) ;
&ahlinekx
SEND;

Tun; quic;

proc gplot dataspcatest2 gouteplots.plots $if &letters=YRS Wthen Sstr(annosPigP);:
plot prinledt / name«*PLOT2"
lve2
vrefa(-1 0 1)
vaxigeaxisé
haxigeaxisl
%00 x = 1 Sto Seval (GHLINBONT) ;
&6hlinetx
SEND;

Tun; Qquit;

Proc gplot dataspcatest2 gouteplots.plots 3if GletterssYES Sthen betr(annoceFigH);:
plot prindacdt / namee*PLOTI®
lvm2
vrefs(-1 0 1}
vaxissaxiss
hax:gsaxisl
%00 x » 1 Sto Veval (HLINRONT):
&&hline&x
SEND;

tTun; quit;

proc gplot dataspcatest2 goutsplots.plots tif gletters=YES Athen \str(anncePigt);:
plot prinSedt / names*PLOT4*
lve2
vrefasi-1 0 1)
vaxiseaxisé
haxiseaxisl
W00 x = 1 Vtc Veval (GHLINECNT):
&&hlineax
IEND;

Tun; Quit;

i sorigtempsYES tthen Splotgen:

tmend PPLOT:

/* used to make scree plot; CARDS doesn't seem to work in a macro ¢/

data rand;
input ob rand;

tmacro SCREE:
/** generate a scree plot *e/
data scre:

set perceat; run:
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proc transpose dataegcre outescre; run;
data scre; set scre: drop _name_ coll; cbe_n_; actualecoll: run;
data scree; merge scre rand; by ob; run;

gopticns gunitein targetspe600 devewin heizee3l.5 in vsize = 3.5 in

noprompt /* goutmodesappend */ colorse (black GrayE9 Grayfs9):
title;
symboll ceblack vedot hs.0S iejoin;
symbcl2 ceblack vestar he.l iejoin;

axisl coloreblack
order=(l to §5)
labele (he.13 feswiss csblack jec 'Factor‘!
values (fsswiss hs.l)}
minorsnone

:

axim2 coloreblack
labele (he.13 fegwise ceblack je=r 'Explained’ jer 'Variance' jer 'in perceat')
values (he.1 fegwiss)
lengthel.5 in
minorsnone

i

proc gplot datasscree gouteplots.plots Vif GletterseYES Athen tstriannceFigl);;
plot actual*cbel
rand*obe2 / namee'scree’ overlay vaxissaxis2 haxiseaxisi;
run; quit;
SMIDID SCREE;

/eessee MAP STATIONS IN PCA essesee/
data poiats;

set sql.finlocl;

length name § 20 proviace $§ 2:

provincee'95’;

nameepid;

xwfd2r*longe-1;

y=&d2relat;

keep name x y province;
run;

taacro factr:
/* delete all plots except mean temperature plots °*/
proc catalog cateplots.plots kill ; run; quit;

$if GONEPAGESYES \then tlet stoppteld;
telse Slet stopptss:;
Sif &limfacteYES tthen Vlet stopptednumfact;

%do fcount = 1 Gto &stoppt;

tif &fcount =« 1 Vthen tdo;
Vlet factorsfactorl;
tlet pltnamesPACTSC;
Send;

8if &4fcount = 2 Sthen tdo;
Vlet factorsfactor2:
Slet pltnameeFACTSCL:
Send;

¥if &fcount e ) Sthen tdo;
Slet factorsfactorl;
Slet pltnamesPACTSC2:
tend:

1if sfcount e 4 tthen tdo;
Slet factoreMnT;
Slet pltnamesMEANT:
tend;

8if &fcount « 5 Sthen 8do:
Slet factorsfactors;
\let pltnamesPACTSCI:
tend;

if &fcount = 6 WVthen WVdo;
Slet factorefactors:;
Slet plinamesFACTSCA;

Send;
tgraticul
‘basemaps
tmapit
tend;
Smend factr:
Sfacer

fscxee /°* generate scree plot ¢/

tpplot /* time series plot of pca scores */
FAAALARXAL LI TS Ve

tmacro FINDISP;
/** Display 6 plots on cne page *+/
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VIF &normPCASYES Szthen tdo;

PILENAME lprrun °d:\atkinson\maindoc\figures\Fig3-7.ps*; /* PS6Q0.ps */

goptions resetsall cbackewhite noprompt
$if &filecutePIL Sthen Vetr(deviceaps§00 gSPNAME=lprrun GSFMODEBereplace) ;
$if afilecutsSCON Sthen tatr{device=win targetewinprtg):
$if LfilecutePRT Sthen tstr(devicewwinprtg):

T
YAl

hsize « 7.1 in veizesl10.7 in horigins.S in vorigine.5 in
colorse(grayP9 grayF9 grayR9 black);

proc greplay igouteplots.plots /egoutaplots.plocs®/ tcstempcat nofs;
tdef shade dess‘'Factor Score spatial plots and scores®

1/ 11x=0 1llys6?
ulxe0 ulyel00
urxs50 urys100
1rxe50 lrye67

2/ 11xe50 1lye67
ulxeS0 ulyel00
urxs100 ury=100
1rxe100 lry=67

3/ llxe® 1lys33
ulxe0 ulye6?
Urx=50 urys67
1rxe50 lry=3)

4/ 11xe50 1llye33
ulxe50 ulye67
urxelo0 urye§?
1rx=100 lrye33

H

~

llxe0 1llys=0
ulxed ulye3d
urxe$0 urys=3i3
1rxe50 lzry=0

6/ 11x=S0 llyeo
ulxeSO0 ulyell
urx=100 uryell
1rx=100 lrye0

template shade:

81if Glimfact®=YES Sthen tstr(treplay 1:factsc 2:plot 3:factecl 4:plotl S:factec2 6:plot2; template shade:):
Selse Vdo;

Sif Gnumfacte2 Wthen Vetritreplay 1:factsc 2:plot 3:factscl 4:plotl 5:xx €:xx; template shade;);

Vif anumfactel Sthen Vstr(treplay 1:factsc 2:plot J:xx 4:xx S:xx 6:xx: template shade;):
Send;

9if LONEPACE=YES tthen Vstriquit;:):
Vif LONEPAGE «YRS Sthen tdo:
treplay 1:factscl

2:plotl
3:factece
4:plots
5:meanT
6:8cree;

Quit;

Vend;

BND:

proc greplay igoutsplots.plots goutswork.gseg tcatempcat nofs;
tdef shade dese’Pactor Score spatial plots and scores'

1/ llxe0 1lys67
ulxe0 ulyelgo
urxeS0 ury=100
1rxe50 lrye6?

2/ 11x«50 1lye67
ulxe50 ulyel00
urxel00 urys100
1rxe100 lry=67

3/ llxed 1lye=33
ulxe® ulyeé?
urxe50 urys=§7
lrxe50 lry=13

4/ 1lxeS0 1llyel3
ulxeS0 ulye67
urx=100 uryeé§?
1rxel00 lry=33

S/ 1lxe0 lly=0
ulxeQ ulyel)
urxs50 uryell
1rx=50 lzye0
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6/ l1xe50 llye0
ulxeSC ulye33
urxelg00 ury=3j
lrxs100 lrys0

template shade;

treplay 1l:factscd

2:plot3
3:meant6d
4:8CTee
S5:xx
6:xx;

treplay l:clyde

2:hall
3:pell
4:shep
S:camb
6 :bake;
Quit;
o/
Smend FINDISP:
SFINCISP
/e
data _aull_;
anse*gorigtemp®;
end;
run;
\4

/* TRST BRD - determine relaticaship btwn order interval and major tick labels */
/° order defines # of major ticks,
TICX labels VISIBLE MAJOR TICKS OWLY*/
/Q
qoptions resetsall;
symbol 1ej vecircle hel;
axisl orders=(1 to 31 by )} value=(ticksl jec °*TICX1®' tickelO jec 'TICXZ'} minorenocne;
proc gplot dataspcatest2;
plot prinlede /
haxiseaxisl;
Tun; quit;
*/

/* use for check plots of raw data
data ds; set doneset; dte_n_; run:
goptions resetsall:
symbol ie) vecircle hel;
proc gplot datasds;
plot pclgsede
eurekat*dt sachshedt resolutt*dt pondite+dt holmane*dt /overlay legend:

un; quit;
*/
tmend HUGE;

Appendix B, page 240



Appendix C:

SAS code for the topoclimate model to estimate surface air
temperatures

m-fileass.sas

/'t"'ttt'tt't"tttttt't'tt'ti"t'ﬁ"ii""'i.'t't"t"tt't'tit"tt't.'t'.tt'ttﬁ't'/
/itt

'tt/
/*** Macro FILEASS specifies preliminary information for the primary stations. rwe/
/*** A window queries the user for the number of primary stations to use tee/

/*** (although for now 9 should always be used), the year and month of the data rew/
/*** gets, and the required wind level. All these macro variables are declared *we/
/*** to be GLOBAL so that any macro can access them. Note that all datafiles vew/

/*** for the requested time period need to have been dumped into FSL format wew/
/*** using GETRAOB on the Radicsonde Data of North America CDROM. tee/
/ttt .../
/**+ There are no input parameters other than those requested from the window. tre/
/*** No output SAS datasets are generated. vee/
/tt' t"/
[rxe rne/
/*** Invocation structure is SFILEASS ten/
/*** User call example: YFILEASS een/
/." '../
/**+* David E. Atkinson, October 1998. veny
/QQ'

tt'/
/ttttt'tttt.'tt't"'Q'ttt""tttt"'tt'."t'tt't"'ttt't'tt""t"tt."tttttt'ttt"/
SMacro PILEASS;
Sglobal NUMPILES ST EX START END WINDLEVL F1 P2 F3 F4 FS PF6 F7 P8 P9 STMONTH EDMONTH STYEAR othrpart:
Vlet NUMPILES=9;
Vlet ST«01JUL198S;
tlet DN«31JUL19686;
Vlet WINDLEVLe900;
Slet othrparts0100;
Swindow GETINPO coloregray rowss=22 columnse68
#2 02 °"Surface Temperature Model Pre-information®
44 @3 °"How many primary stations?®
€12 WUMFILES 2 attreunderline
€)7 *max of 9 (shouldn't alter)*
46 @1 °Input starting date {(DD/MMM/YYYY):*
€38 ST 11 attreunderline
48 @3 °Input ending date (DO/MMM/YYYY):*
936 EN 11 attreunderline
/o
45 @3 °lnput year:*
€15 YRAR ) attreunderline
@19 *(last two digits)®
#6 @3 *Input month:*
@16 MONTH 13 atireunderline
€20 *(two digit number)®
*/
011 @) °*Input wind level:*
621 WINDLEVL 4 attrsunderline
€26 ° (three digit number in mb)*
$1) @3 *Input other part of file name:*
€34 OTHRPART 4 attrsunderline
@19 * (four digit number DDMH)*
$15 €S °*Don‘t change this unless you know what you are doing:®
017 05 *Press ENTER to continue.®;
SIF GATHOMESMO ATHEN tdieplay GETINFO:
tlet START*EST*D;
Vlet DNDe*&EN°D;

Vlet SMONLABsVsubstr(&ST,.3,3):

then call symput ('STMONTH',0S);
then call symput('STMONTH',06);
if GSMOMLAB="JUL® then call symput('STMONTH',07);
then call sywput {'STMONTH',08);
then call symput('STMCNTH',09);

Vlet EMONLAB=%substr(&ST,3.3);

cata _null_;
if GEMONLAB="MAY® then call symput ('EDMONTH®,O0S);
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GEMONLABe *JUN®
&EMONLABe *JUL*
SEMONLAB= " AUG*
GEMONLABe *SEP*

then call
then call
then call
then call

symput ( *EDMONTH® , 06) ;
symput ("EDMONTH' ,07) ;
sysput ( "EDMCNTH' ,08) ;
syzput { *EDMCNTH® . 09) ;

STYEAR=Ssubstzr (&ST, 8,2} ;
tlet STMONTHeOS;

$mend FILEASS;

m-filter.sas

This applies the wind filter. Based on the resultant wind vector data, it selects the appropriate

wind filter for each pixel, applies the filter, deals with the fiord wind problem, and prepares the
wind effects image.
/*%* Macro FILTER applies the correct filter to the classified wind image *¢/
/* target is the binary matrix to process, percents is YES or NO - YES to return
caly the percentages, NO to process values - use NO for SST, YES for icefield ¢/
tmacro PILTER (target,percent);
tlet filesize=l9;
SSASTOMAT (&target, &TOws, &cols)
proc ial;
free /;
/* create filter */
start buildfil;
/* high speed, from north valel2 e/

£ileMHa{0 0 0 O 0 ] 0 Q ] [} -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25
-6.25 -0.2% -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -] 0 ] [} 0 ] Q Q . 0
[-] -] 0 ] 0 ] ] Q Q -0.25 -0.35 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -
0.25 -0.35 -0.25 -0.25 -0.25 -0.25 -0.25 -0.2% 0 0 0 0 Q 0 0 0 0 9 ., G -]
0 ] ] ] ] 0 0 9 -0.25 -0.25 -0.35 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.5 -0.25 -0.25 -
0.25 -0.35 -0.35 -0.25 -0.25 -0.25 -0.25 Q 0 ] 0 Q ] 1] [} 0 -] , 0 9 0
Q 0 0 0 0 9 0 ] -0.25 -0.25 -0.35 -0.25 -0.25 -0.25 -0.25 -0.25 -0.5 -0.25 -0.25 -0.25 -
0.25 -0.25 -0.25 -0.25 -0.25 ¢ 0 0 0 L] ] Q [} [ ] 0 . 0 ] 0 0
9 ] Q [ 0 0 Q -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.5 -0.25 -0.25 -0.35 -0.25 -
0.35 -0.25 -0.25 -0.2% Q 0 ] 0 ¢ 0 Q 0 Q -] 0 . 0 0 Q ] °
L] 0 ] 0 0 o 0 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.5 -0.25 -0.25 -0.25 -0.25 -0.2% -
0.25 -0.25 [ 0 -] 9 [] 0 -] e 0 -] ] ] N

] 0 0 0 ] ] ¢ ¢ ] 0 ] ] -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.5 -0.5
-0.5 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 ] ] 0 ] ] e 0 ] [} [ L} 0 .

Q 9 0 o 0 0 Q 0 Q ] (] 0 0 -¢.25 -0.25 -0.25 -0.235 -0.5 -0.5 -0.5
-0.§ -0.5 -0.35 -0.25 -0.25 -0.25 -] ] 0 0 4] ] ] ¢ 0 -] ] ] 0 .

0 0 ] 0 ] Q ] 0 a ] Q [} L} -0.25 -0.25 -0.25 -0.5 -0.5 -0.5 -0.5
-0.5 -0.5 -0.5 -0.25 -0.25 -0.25 o ] ] Q '] ] ] 0 0 ] 0 0 [ .

o Q 0 Q 0 ] ] 0 0 Q ] 0 0 Q -0.25 -0.5 -0.5 -0.5 -0.5 -0.5
<0.§ -0.5 -0.5 -0.5 -0.25 0 0 ] ] ] ] 0 0 ] 0 9 0 ] ¢ .

o ] Q 0 0 ¢ [ o 0 Q ] -] ] 0 0.5 -0.5 -0.5 -0.5 -0.5 -0.5
-0.5 -0.5 -0.5 -0.5 -0.5 [} ¢ Q 0 Q 0 0 ] 0 0 L] ] 0 0 .

0 0 0 ] 0 Q ] e -] ] ] [} ] ° ] -0.5 -0.5 -0.5 -0.5 -1
-0.5 -0.5 -0.5 -0.5 4 -] ] 9 ) ] ] ] ¢ ] ] 0 0 ] 0

] [} 0 ] 0 Q -] 9 0 ¢ [} Q -] Q ] -6.5 -0.5 -0.5 -0.5 -1
-6.5 -0.5 -0.5 -0.5 ] 9 0 0 0 [ -] 0 0 0 0 0 [} Q o .

Q ] -] [} [} 1} Q ] 4 0 0 g o ] 9 0 -0.5 -¢.5 -1 -1
-1 -0.5 -0.5 ] ] 0 ] -] o 0 [ ] Q Q 0 0 [} 0 9 .
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° [} -0.§ -0.5 -0.§ -1 -0.§ -0.5 -0.§5 @ [ .
[ [ [} -0.5 -2 -2 -1 -0.5 © [} [] .
[ [} [ [ -1 -5 -1 0 [ [ [ .
] ] ] 0 [ -16 ] 0 [ 0 [ .
[ [} [ ] Q 0 [ [ [ c ] .
0 [ [ [ [} 10 [ [ [ 0 0 .
[ [} [} 0 1 H 1 [ 0 [} [\ .
[ 0 [ e.s 1 2 1 0.5 [ [ [ .
o 0 0.5 0.5 0.5 1 0.5 0.5 0.5 [ 0 .
0 [ 0.5 0.5 0.5 .5 0.5 0.5 0.5 Q 0}:

/* low speed, from south valsl4 =/

£ileSLe(0 0 6.5 0.5 0.5 0.5 0.5 0.5 0.5 0 [} .
[ (] 0.5 0.5 ©.5 1 6.5 0.5 0.5 [ [ .
[] [} 0 0.5 1 2 1 0.5 [ [ [ .
[} [ [ [} 1 5 1 ] [ 0 ] .
[} [ [} 0 0 10 [ 0 [ [ [ .
0 [ [ 0 o 0 [ [ 0 0 [ .
0 0 [ [ 0 -10 [} 0 [ ] ] .
0 0 0 [ -1 -5 -1 o 0 0 0 .
[ [ [ -0.8 -1 -2 -1 -0.5 0 [} [ .
0 [ -0.5 -0.5 -0.§ -1 -0.5 -0.5 -0.5 O Q ,
0 [ -6.5 -0.5 -0.5 -0.§ -0.5 -0.5 -0.5 O 0};

/* low speed, from west vale66 ¢/

€ileWLe{0 [} [ 0 0 [ [} [ [} 0 Q .

[] [ [ [ [ [ [} [} ° 0 ] .

-0.5 -0.5 0 [ 0 e 0 [} 0 6.5 0.5 .
-0.5 -0.5 -0.5 O [} [ [} ° 0.5 0.5 0.5 .
-0.5 -0.5 -1 -1 [ [ [ 1 1 6.5 0.5 .
-0.5 -1 -2 -5 -10 [ 10 H 2 b 0.5 .
-0.5 -0.5 -1 -1 [ [ [ 1 b 0.5 0.5 .
-0.5 -¢.5 -0.5 O [ [ 0 [ 0.5 0.5 0.5 .
-0.5 -0.5 @ [ [ 0 [ ° [ 0.5 6.5 .
[} [ [ [ 0 [} [} [} [ 0 [ .
[} (] 0 0 [ [} 0 [ ] 0 o};

/* low speed, from east valsls ¢/

fileRLe{0 0 [} [ [ [} 0 ] [} [} ° .

] [ o [ [ 0 [} [ [ 0 [ .
0.5 o.5 [ [ 0 0 [} 0 ° -0.5 -0.5 ,
0.5 0.5 0.5 [} [ [} [ [ -0.5 -0.5 -0.5 ,
0.5 0.5 1 1 [ 0 [ -1 -1 -0.5 -0.5
0.5 b 2 5 10 [} -10 -5 -2 -1 0.5 ,
0.5 0.5 1 1 [ 0 0 -1 -1 -0.5 -0.5 ,
0.5 0.5 0.5 [ [ [ o Q -0.5 -0.5 -0.5
0.5 0.5 [} [] [ [] 0 0 [ -0.5 -0.5 ,
[ [ [} [ [ [ 0 [ [ 0 0 .
[} [ [ [} [ ° (] [} ] 0 o}

finish; /* buildfil ¢/
/%* APPLY FILTER **/
start filter;
$if &percentsNO Vthen tdo;
Vlet DEMmatatsubstr(starget,S,S)mat;
load &DPMEmAt;
daechocse (&DDWmat, 1,0} ;
free &DDMmat;
/'

SIMGOUMP (/ust/local/data/modelcout/, DS, DS, &rows, &cols, smaxx, Mminx, taaxy, (miny) ¢/
SSTEMPechooee (DS, 0,4SST); /* make an sea surface temperature mask */

store SSTEMP;
free SSTEMP:
demstampeshape (ds, rows) ;
free ds;

Send;

8if &percenteYES Sthen Vdo;
load icewind;

demstampeicevind;

free icewind;

tend:

filregej (kxows, &cols.0) ;

load filtermp;

do row = (lekfilsize) to (nrow(demstamp)-(&filsizesl)};

do cols{le&filsize) to (ncol (demstamp)-(&filsizesl));

if demstamp(row.col)el then do;
if filtermp{row,col]«9 then curfilefilecNM;
if filterwmp(row,.col]el0 then curfilefileNL;
1€ filtermp(row,collell then curfilefiltNH;
if filtermp(row,col}=17 then curfilefilemm;
i1f filterwp(row,col]«18 then curfilefiltkL;
i€ filtermp(row,coll=20 then curfilefiltlH;
if filtermp{row,col]l 3] then curfilefilesm;
if filtermp(row,col]«34 then curfilefilesy;
if filtermp(row,col] =36 then curfilefiltSH;
if filtermp(row,col}le65 then curfilefiltwm;
if filtermp(row,col)«66 then curfilefilewl;
if filtermp(row,col]«68 then curfilefiltwH;
if filtermp(row,colle0 cthen curfila{1i}:
filsizesint((acowl{curfil) -1)/2);
fcolsecol-filsize:
fcoleecolefilaaze;
frowsarow-filsize;
frowestowefileize;
filspacesdemstamp(frows:frowe, fcols:fcole]
/** REMOVE FIORD WIND PROBLEM °°¢/

filbinechoose(filspace,1,0) ;

if nrow(fildbin)el then do:

ekipto:
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edgeel; zonesl;
goto MOVEON:

end;
edge = T(£ilbin(1,})
//€ilbin(2:nrow(filbin),ncol (£ilbin))
//T(tilbinlnrow(filbin),acol {£ilbin) -1:1])
//€ilbin{arow(filbin)-1:2,1);
/* extract elements from arocund edge of dem filter area */

maveon : do posn e 1 to (48nrow(curfil)-4); /¢ aumber of elements i a square matrix edge ¢/

curvaleedge (posal ;

if posnel then do:
zcheel;
aldvalecurval:;

end;

if posn>l then do;
if curval “e oldval then do;

zoneszonesl;
oldvalecurval:
end;
end;
end

/* count number of blocks of 0 and 1.
If there are more than 3 areas, it means
two separate land areas are present which will
spoil the wind effects. eg in a fiord.
./
if zone>) then do;
curfilecurfils.9; /¢ reduce strength of wind effect ¢/
curfilecurfil (2:ncol{curtil) -1,2:arow{curfil) -1} ;
goto skipto;
end; /* reduce § zows, cole by cne on each side ¢/
/* repeat process until zone LB 3 ¢/
/** END OF PIORD WIND PROBLEM **/
xlsfilspacefcurtil;
filres{row,col]egum(xl};
if filres(row,col] < O then filres(row,col)s0;

end;
else filres(row,col]e0;
end;
end;
finish; /¢ filter ¢/
free demstamp;
run buildeil;
run filter;
store filres;
quit;
tmend FILTER:

m-finald.sas

This displays the image using SAS GCONTOUR. The image looks like an IDRIS! image plot, but
it is not nearly as nice an environment as IDRIS!. This was written simply to avoid having to move
back and forth between computers to view interim output generated during testing stages.

Smacro PINALD:
goptions resetsall;
data trial:
infile '/ust/local/data/modelout /AARES.ing" ;
do ysérows to 1 by -1:
do xel to &cols:
input z;
output;

/.
patternl valuesmsolid colorsCX00Q0FF;
pattern2 valuesmsolid colorsCXIQ00FF;
patternl valuesmsolid color=CX6000KO;
patternd valuesmsolid color=CX9000D0;
patternS valueemsolid colorsCXA00080;
patterné valueemsolid colorsCXC000CO;
pattern’ valueesmsolid colorsCXE080AC:
patternd valueemgolid colorsCXP07070;
pacterny valuesmsolid coloreCXPO604C:
patternld valueeasolid colorsCXF05020;
patternll valueemsolid coloreCXFre0S0;:
.
/

patternl valueemsolid coloregrayfo:
pattern2 valuesmsolid colorwgrayeo;
patternl valueenasolid coloregraydo:
patternd valueemsolid coloregraycS;
patternS valueemsolid coloregraybo;
patterns valuesmgolid coloregraya$:
pattern? valuesmsolid coloregray90;
pattern8 valueemsolid coloregrayss:
patternd valueeagolid coloregray?0:
patternl0 valuesmsolid coloregrays€s:
patternll valuesmsolid coloregraySo;
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proc gcontour datastrial;
plot y*xsz /levelss0 1 23456 7 8 910

p_a;tem
s jeia;
%mend FINALD;
m-getdem.sas

This module reads in the external digital elevation model and the ice field location image. These

images have to be in IDRIS image formats. They are stored as SAS datasets, and converted later

into IML matrices.
/%% Macro GETDEM imports the Digital elevation model and places
relevant information about its size into the glcbal envircnment e+/
tmacro GETDEM;
SGLOBAL zows cols SST maxwind:
Slet PATHe/usr/local/data/modelin/:
tlet DEMNAMESAADENP ;
Slet ICEPIKLD=ICETOPO;
tlet MAXWIND=100;
tlet SSTe2;
Swindow GETINFO coloregray rowsel@ columnseé8
92 @2 *Surface Temperature Model DEM informaticn®
84 @3 *‘Whac is the name of the DEM? (nc extenticnse)®
S @3 DDOIME § attreunderline
47 @3 *Provide the file path°®
#8 @5 PATH )0 attreunderline
010 €3 *What is the sea-surface temperature to be used?*
@52 SST ¢ attreunderline
11 @3 *What is the maxwind value?*
@30 maxwind 4 attrsunderline
816 @5 *Press DITER to continue.®;
8if GATHOME=NO Sthen Vdisplay GETINPO;

libname DEM °/usr/local/data/modelin/®;
data DEM.DENFILE;
infile *GPATHLDEOUME. .ING®;
input val;

data DEM. ICRPIELD;
infile *GPATHGICEPIRLD..IMG®;
input val;
if val > 0 then valel;

run;
data i
format val S.;
infile *GPATHLODSOWE. .DOC*;
if n_< 4 OR _n_>5 then input;
if _n_e 4 then do;
input @15 val:
call symput('cols’, trimileftival)});
end:
if 8_e S then do;
input €15 val;
call symput(‘rows' trim({left(val}});
Tun;

me-griddefn.sas

/**** macro GRIDUEFN estalishes parameters about the universe and places them in the
global environment eee/
tmacro GRIDDEFN:
/* Define grid extents and node separation */
/* set at GLOSAL 80 all modules may acceas these variables ¢/
GLOBAL minx maxx miny saxy colinc rowinc colstmap coledmap rowstmap rowedmap
ALTc ALTr EURc EURr MLDc MLOTr RESc RESr CAMc CAMT
HALC HALr BRWcC BRWr BARC BARTr FROC FROr;
Slet PATHe/usr/local/data/modelin/;
tlet DEMNAME«AADEMP:
/* extract grid extents from idrisi DOC file for mapping grid extents ¢/
data WULL_;
infile °*GPATHLDEMNAME..DOC®:
input @1 testchar $6. @;
put testchar;
if testchar « *min. X* then do;
ioput €15 minx:
call symput (‘colstmap’.int(minx));
end;
if testchar = *max. X* then do;
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input @15 maxx:
call symput(‘coledmap’,int (maxx)):
end;
if testchar « *min. Y* then do;
input 01S miny;
call symput(’rowedmap’,int(miny});
end;
if testchar = *max. Y* chen do;
input €15 maxy:;
call symput(‘rowstmap’,int(maxy)):
end;
run;
tlet minxe&colstmap:
tlet maxxs=&coledmap;
Slet minye&rowedmap:
Vlet maxys&rowstmap;
Vlet colincsdeval(({bcoledmap-&colatmap)/&cols)
tlet rowi Seval((& p-6 dmap) /erows) ;
/* end grid extents */
/* Define station locations in terms of grid ¢/
/* ®WACYO P
Slet ALTcsleval((542435-kcolatmap) /&colinc):
tlet ALTrsteval{ (&rowstmap-4256179)/&rowinc);
Slat EURceSeval((283719-&coletmap)/&colinc);
Vlet EURrsleval( (&crowstmap-30866941)/&rowinc);
tlet MlDcekeval((-525069-&colatmap)/ecoltmk) ;
tlet MLDreteval{ {arowstmap-31507485)/&rowinc) ;
tlet RESceleval({152737-&colstmap)/&colinc);
Vlet RESreleval( (srowstmap-3277719)/érowinc);
Vlet CAMCsteval((-200361-&colestmap)/scoling):
tlet CAMrsieval( (crowstmap-2670488)/érowinc);
tlet HALceReval({({76€3029-&colstmap)/&colincg);
Slet HALreleval((&rowstmap-27208698)/&rowinc);
Slet BRMceleval(({-1813027-&colstmap)/&colinc);
Stlet BRWreteval({trowstmap-3675504) /&rowinc);
Vlet BARceteval((-1565531-&coletmap)/&coline);
Slet BARTeteval( (rowstmap-3267011)/&rowinc);
Vlet FROceSeval((1515387-&coletmap)/&colinc);
Slet FROTeleval( {Growstmap-2403340}/&rowinc};
tmend GRIDDEMN;

m-ice.sas

teval only accepts integezs ¢/

This module was a first attempt at applying the ice field temperature estimates. It was dropped in

favour of a less complicated approach.
WMacro ICE:
Proc IML;
ICERSTe-230;
START icet;
/* sake icefield temperature estimate map (entire map} s/
load TFIN:
TICRALL = TPIN + ICEEBST; /* ICEEST is some estimate for ice T ¢/
store TICBALL:
tree /;
/* create icefield locaticn binary map ¢/
load ICEFIMAT;
ICENIND=CHOOSE (ICEPIMAT,0,1) ;
store ICEWIND;
free /:
/* confine ice temperature estimates to icefield locations ¢/
load TICEALL, ICEWIND:
TICEPROP « CHOOSRE (ICEWIND, TICEALL,O):
atore TICEPROP:
free /:;
/* apply wind filter to the icefields ¢/
/* SMACRO CALL */
load ICEFIMAT TPIN;
ICETEMPS« ICEFIMATSTFIN;
STORE ICETEMPS:
PFREE icetemps;
TPINHOLE= (ICEFIMAT, -100, TFIN):
store tfinhole;
free tfinhole:;
Tun icet:
/* use the icefield image as a cockie cutter - stamp out the relevant
zones from TFIN, save them as ICETFIN, make the zones empty in TFIN,
determine affected dorder
pixels in TFIN, modify boder pixels in TFIN, add ICETFIN dack onto
TFIN.
./
quit;
tMend ICE;

apply necessary modifications to ICETFIN,
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m-imgdump.sas

/e** macro IMGDUMP takes the specified matrix and, using valuea for image total
rows, cols, max x, min x, max y, ain y drawn from the global enrviroament,
writes an IDRISI image .img and associated .doc files to the path and file
name specified. Call from within PROC IML.

eue

/

/* form of call:

SINGDUMP (/uar/local/data/modelout/, filename, matTix, arows, &cols, &maxx, éminx, &maxy, &miny)

.

/

tMacro IMCDUMP (destpath, imagenam,matrix, row,col, xx, ax, Xy, ny) ;

resultsghape (Gmatzix, srowescol) ;
filename tresimg "&destpathéimagenam..img®;
tile tresiag;

do iel to nrow{result);

put (result(i,i]) :

closefile tresimg:
xwaAx {bmAtrix) ;
newin {bmatrix);
filename tresdoc °Gdestpathi&imagenaa..doc®;

file treadoc;
put oL ‘file title : Pinal temperature map’/
el ‘data type : real'/
el ‘file type : ascii‘/
o1 °colusns : &col® /
o1 °rows : &row® / . .
@l ‘ref. system : lazea'/

el ‘ref. units : w'/
@1 ‘unit dist. : 1.0000000'/

ol *min. X : &nx*/
el °‘max. X : &xx"/
el °min. Y : &ny*/
ol *max. Y : &xy*/

@1 *pos‘n error : unknown®/
ol ‘resclution : unknown'/
o1l ‘min. value : * n/

@ ‘max. value : ' x/

o1 ‘value units : unknown'/
@1 ‘value error : unknown'/
@l 'flag value : none'/
@1 *flag def'n : none*/
@1 'legend cats : 0°;

closefile tresdoc:
Smend IMGDUMP;

me-interpol.sas ]

[ 1111] * .0 I.'..'..""'I'..."'.'...."I..'.".Q.'l""'..",
Macro INTERPOL interpolates point data fed to it. ./
element, dry-buld temperature, dew point temperature and wind data, in eee/
4 separate SAS dataset. Upper air data sust be in FSL format and are eee/
typically generated using the Radio Sonde data of Morth America CD ROMa. eve/
Macro will act on the dataset supplied; the number of ascents desired - see/
must be specified when the data are being extracted from the CD-ROM. see/

One parameter required: exponent, to provide the inverse distance weighteee/
!.'/

David E. Atkinscn, October 1998.

SMacro INTERPOL (exponent) :

/* SINTERPOL (exponent, fields, fname) where fieldse# fields to estimate and fname is
the name for the fields, e.g.
for polynomial fieldseé and fnamessPll P32
for wvind fields=2 and fnasese

L]

/

/* get and store the DEM file into a IMIL matrix ¢/

/¢ stuft for memory space problem testing */

libname DEM */usr/local/data/sodelin/‘;

SSASTOMAT (DEM. DEMFILE, bxows, &cols)

SSASTOMAT (DEM. ICEFIELD, &rows, &cols)

proc iml worksizes256000000 symeize«10000000;

free /;
start pl;
paramle{GALTC &ALTTr &P11. &BURC &RURR &P12, &MLDC &MLDR &Pl3, G&RESC &RESR &P14.
GCAMC &CAMR &P15, GHALC &HALR &P16, GBRWC GBRWR &P17, &BARC GBARR &P18, &FROC &FROR
&P19):

stnlocmeparami{,1:2];
astnvalseparami(.3}:
atnlocsschocse (atnloce=0,1, stnlocs) ;
paramlestnlocs||stavals;
pmatlej (irows, bcols,1):
do row = 1 to &rowa;
doc colsl to &cols;
diatse ((col-parami(,1])882+(row-parami(,2])882)9#€0.5;
distsechoose(distas=0, .8165,diste) ;
weightasl/ (distsfif&exponent);
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wtvalseweightséparami(,3];
pmatl (row.col) epum{wtvals) /sum(weights) ;
end;
end;
TPINepmatl;
free pmatl;
store TFIN;

paramie {8ALTc &ALTTr &P21, &EURC &EURR &P22,
&CAMC &CAMR &P25, GHALC GHALR &P26.
&P29};
stnlocssparam2(,1:2);
stnvalseparam2 (,3];
stnlocsschoose (stnlocssd, 1, stnlocs)
paramsstalocs| jstnvals;
PRAt2s=j (&rowe, &cols, 1)
do row = 1 to &rows;
do colel to &cols:
distse((col-param2(,1]) 802+ (row-param2(,2])002}980.5;
distsechocse(dists=0, .0165,dists);
weightsel/(distssféexponent) ;
wtvalseweighte@param2(,3l]:;
pmat2 (row,coll ssum(wtvals) /eum(weights) ;
end;

load DEMFIMAT CURPMAT;
DCeDEMPIMATECURPMAT ;
store DC;
free /:
load DC TPIN;
TPIN-DCHTPIN:
free OC ;
atore TPIN;
free /:
tinish;
run p2;
start pI;
paramls {GALTC GALTr &P31, &EURC &EURR &P32,
&COAMC GCAMR &P1S5, &HALC &HALR &PJ6,
&P39);
stnlocasparan3(,1:2] ;
stavalgsparaml(.3]:
stnlocsschoose (atnlocs=0,1, stnlocs) ;
paramlestnlocs| stavals;
pmatle} (brows, bcols, 1)
do row e 1 to &rows;
do colsl to &cols;
distas{(col-pazramd(,1}) 9002« (row-pazam3 (,2])092)480.5;
distsechoose (distse0, .8165,diasts) ;
weightsel/ (distssf&exponent) ;
wtvalssweightséparami(,3};
pmatl (row,col] esum(wtvals) /sum(weights);
end;
end;
CUORPMAT= PMATI ;
store CURPMAT;
free /;
load DENFIMAT;
DEMEXP«DEMPIMATENZ ;
store DEMEXP:
free /:
load DEMEXP CURPMAT;
OCaDEMEXPE#CURPMAT
store OC:
free /;
load OC TFIN;
TPIN=DC+TFIN;
free OC;
store TPIN:
free /;
finish;
run p3;
start p4d:
paramta {GALTE GALTT &P41, &EURC GEURR &P42,
SDC GMLDR &P43, &RESC GRESR &P44.
GCAMC GCAMR &P4S, &HALC GHALR &P4S,
&GBRWC &BRWR &P47, &BARC &BARR &P48.
&FROC GFROR GP49};
stnlocssparamé {,1:2);
stavaleeparamd {, 3] ;
stnlocsechoose (stnlocse0. 1, stnlocs) ;
paramdegtnlocs||stavala;
pmatde] (brows, tcols, 1) ;
do row = 1 CO &rows;
do colel te Gcols;
distee((col-paramd (,1]) 802+ (row-parand [,2]) #02)990.5;
distsschoose (distee0, .0165,distse) ;
weightas1/ (distsfd&exponent) ;

&MLDC &MLDR &P23, &REBSC &RESR &P24,

&BRWC &BRWR &P27, &BARC &BARR &P28, &FROC &FROR

&MLDC GMLDR &P)), &RESC GRESR &PI4,

&BRWC &BRWR &P17, &BARC &BARR &P38, &FROC GFROR
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wtvalssweightsépazamd (3]
pmat4 (row,col) esum{wtvals) /eum(weights) ;
end;
end;
CURPHMAT » PMATS
store CURPMAT:
tree /;
load DEMFIMAT;
DEMEXP«DEMFIMATSS) ;
atore DEMEXP;
free /;
load DEMEXP CURPMAT:
DC=DEMEXPSCURPMAT ;
atore DC;
free /;
lcad DC TPIN:
TFINDCsTPIN;
free OC;
store TPIN:
free /;
finiah;
un pé;
start ps;
paranSs {GALTc GALTT GPS1, &EURC &EURR &PS2.
&MLDC &MLDR &PS3, &RRSC &RESR &P54.
&CAMC SCAMR &PSS, &HALC GHALR &PS6,
&BRWC &BRWR &PS7, &BARC &BARR &PS8,
GFROC &FROR &PS9):
stnlocseparams(,1:2);
stnvalssparass{,l];
stnlocsschooes (stnloca=0, 1, stalocs) ;
paramSestnlocs||stavals;
pmatSej (6rows, kcols.1);
do row = 1 to &rows:
do colsl to &cols;
distes((col-paranS(,1)) 882« (zow-paramS(,2])802)040.
distsechoose (dists=0, .8165,.dists) ;
weightsel/ (distsféexponent) ;
wtvalssweightsparans{,3l}:
pmats (row,col) ssum(wtvals) /eum(weighta) ;
end;
end;
CURPMAT« PMATS ;
store CURPMAT;
free /;
load DEMPIMAT:
DEMEXP«DEMPIMATSS4 ;
store DEMEXP:
free /;
load DEMEXP CURPMAT;
DCaDEMEXPECURPMAT ;
store OC;
free /;
load OC TPFIN;
TPINDC+TFIN;
free OC;
store TPIN;
free /;
finish;
run ps;
atart pé;
paramée  {GALTC GALTT &P61, &EURC &EURR &P62,
&ODC GMDR &P6], &RESC &RESR &P64,
ACANC &CAMR &P6S, AMALC &HALR &PS6,
ABRNC LBRWR (P67, GLBARC LBARR &P68,
&FROC GFROR &P69});
stnlocseparamé(,1:2) ;
stavalssparamé|(,3};
stalocsachoose (stnloceed, 1, stnlocs)
paramé=stnloca{ |stavals:
pmatéej (Grows, kcols, 1)
do row = 1 to &rows:
do colel to &cols:
distss((col-params[,1]) 862« (row-param6[,2])802)080.5;
distsechocse (digtsae0, .8165,dists) ;
weightsel/{(dists#fiexpcenent) ;
wtvalseweightsparamé{,1}:
pmats (row, col) egum(wtvals) /sum(weights) ;
end;
end;
CURPMAT = PMATSG ;
atore CURPMAT:
tree /;
load TPIN;
TemTPINTFIN;
store TewIFIN;
free /;
remove TPIN;
load DEMFIMAT;
DEMEXP=DEMFIMATHNS ;
store DEMEXP:
free /;

OC=DEMEXPOCURPMAT ;
atore DC:
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free /:
remove CURPMAT DEMEXP: .
load DC TEMTFIN;
TPINDC+TEMTFIN;
free DC TEMTFIN;
atore TFIN:
free /;
remove DC TEMTPIN;
finish;
Tun pé;
/** Apply lcefield temperature estimates *°/
start ICET:
load TPIN ICEPIMAT;
TFIN2echoose (ICEFIMAT, TFIN-3, TFIN) ;
TFINaTFIN2;
store TFIN:
free /;
finish;

run ICET:
quit;
tmend INTERPOL;

"1-

/*** Macto MERGE combines results f{rom the temeprature with elevation and eee/
/*e* wind effects map **/
taacro MERGE;
proc ial;
start merger;
tree /;
load FILRES:
RES1Ps (PILRES/amaxwind) #6SST;
stors RES1F:
free RES1Y:
FILRESPCs {1-FILRES/100};
free PILRES;
load TPFIN;
RES1TP=TFINOPILRRSPC:
free TPIN PILRESPC;
load RES1P;
RES1=RES1P.RESITF;
free RESLF RES1TY;
remove RES1F;
store RES1;
fzee /;
load SSTEMP RES1;
RESULT=choose (SSTEMP>0,2,RES1) ; /¢ stamp the sea surface temperature ontc the oceans */
free RES1 SSTEMP:

store RESULT;
VIMGDUMP (/usz/local/data/modelout/, AARES, RESULT, erows . &cole, &maxx, tminx, Mmaxy, &miny)
finiah;
fun merger;
quit;
twend MERGE;
.
m-noinver.sas

/** macro NOINVER removes the inversion signal, if preseat, from UA temperature ascents °¢/
macro NOINVER:
WOINVER2
VIP GHRIGHT > 0 VTHEN $DO;
data INVERMOD;
set tdest;
ITOGGLE=0 ;
do x = 4000 to O by -20;
sainteintercepeelevexselevioxer2seleviexreieelevioxrraselevioxes;
txeelevelvelevioxelvelevl*xev2+4%eleva®x**eS0elevsoxeey;
if x « 4000 then oldfxefx;
diffetx-oldfx;
if x » 4000 then olddiff=diff;
ddeclddiff-dife;
if 2 le 1500 AND (ITOGGLE OR (diff > .0005 AND dd <« 0)) then do:;
ITOGGLEsL;
tvaletvaleting:
end;
elee do;
Tincetval-oldtval:
oldtvalatval:
tvalemaint:
end;
TeX;
keep z maint tval fx diff;
Qutput;
end;
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Tun;
data racbtd; /* rewrite RAOBTD with the new curve and rerun POLYINT ¢/
set invermod;
elevsz;
tempetval;
drop tval = diff maing;
run;
SPOLYINT (YES)
SEND;
tmend NOINVER:

Smacro NOINVER2;
data INVERSN;
set tdest;
ARRAY root{1200,2};
do isl to 1200; do jel to 2: root{i.}}e0;end;end;
ARRAYPCSel ;
do at « 0 to 1200;
X8t ;
do iteratee0 to S;
tvaleintezcepeelevoxselevaoxto2eelevioxsrloelevasx® *deelevsoxees;
fxseleve2telev2oxeltelevioxceedrelevaoxr*lo5%elevioxeey;
dixe2*elev2esoelevioxel2relevd *x®*2.20%elevs*x®?];
if dfxe0 then dfx=.0000001;
1f dfx <« .002 AND dfx > -.002 then do;
xnex-£x/dLx;
XnXn;
if abs{fx)<0.0001 then do;
xeround (x,1) ;
if arraypossl then prevsl;
else prevearraypos-l;
if x ne rooct{prev,1} AND x ne . then do:
root {ARRAYPOS, 1 }ex;
o0t {ARRAYPOS, 2} eround (tval, .1) ;
ARRAYPOS<ARRAYPOS+1;
end;
end;
end;
end;
end;
/ees* RBEGIN MULTIPLE CONVERGES SECTION eeve/
if ARRAYPOS>2 then do;
/** INSERTION SORT FROM MIKE'S BOOK **/
dec i » 3 to ARRAYPOS-1;
temperoot{i,1}:
tempvaleroot{i,2};
jei-1;
do until(j « 1 OR temp ge root{j.1});
root(jel,1}wzooe{j,1}:
root{jed.2}ercoe({y.2}:
jej-1:
and;
root{jel.1}etemp;
root{jel,2}=tempval;
end;

/*** ELIMIMATE DUPLICATES ¢/
Jumpel;
endlp=arraypos-1;
do iel to endlp:
do j=jump to arraypes-1;
if jearraypos-l then do;
STTAYPOSeisl;
isendlp;
and;
if root{i,1) ne root(j.1} then do;
root{iel,1}wroot{§,1};
root{iel,2}eroot($,2});
Jumped; /* oew atart position for next time °/
jearraypos; /* breakout of loop */

end;
else do;
1f § > 1 then do;
root(j,1}e0;
zoot{j,2}=0;
end;

end;
end;
end;

/** DOME WITH MULTIPLR COMVERGES SBCTION ¢/

/** GET MAX TEMPERATURE °*/
maxsyoot{l,2};
MAXPOS=1;
if arraypos > 1 then do:

do ie2 to arraypos-i;

it rooct{i,2}>aax then do;

maxeroot{i.2};
MAXPOSei
end;
end;
else do;
saxsroct({l,2};
BAXposel;
end;
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xe0;

strengthesround (max- (interceprelevexselev2eox®*2selevioxe*Jeelevd®x*vqselevsoxees), 1) ;

heightercot {maxpos,1}:

IF HRIGHT < 0 OR HEIGHT > 4000 THEN HEIGHTeOQ;

call symput(‘'height', HEIGHT);

IF STRENGTH < 0 OR STRENGTH > )0 THEN STRENGTHeO;
do isl to ARRAYPOS-1; put root{i,l} root{i,.2}:end;
keep CP height strength;

output;

run;
tmend NOINVER2:

m-polyint.sas

/"..'II.l'..'lll'."""."t.'.'.'.'l.l..ttt.l.".."'.i'.I'I-tt...t'.'l"'.'ltl.'/

VAL

Macro POLYINT fits Sth order polynomial to upper air temperature and
dew point data. Supply parameters drybulb and dewpt as YES or MO, which
advises the macro whether or not to process the specified dataset. The
dataset names are fixed by the sacro which reads the upper air data set,
RACBREAD. Specify parameter indiv as YRS if each ascent is to have
parameter estimates generated or NO if one set of parameter estimates is
to be generated for all data. Specify paraseter IPLOT as YES if a series
of emall individual ascent plots are to be generated; turning this on
extra inf ion to be

Depending on the values of input paramsters drybulb and dewpt, the macro
returns two SAS datafiles TDEST and TDEWEST,

containing parameter estimates for the ascents !or

the respective elemeants. Rach file contains one set

or sAny sets of estimates, depending on what the

input parameter CHOICE was set to.

Note that all SAS datasets, imput and output, reside in the WORKING lib.

Call is VPOLYINT(drybulb, dewpt, indiv,IPLOT), where the parameters
can take the values YES or NO {capital letters, no quotes).

David E. Atkinscn, October 19958.

l'"'lI..."'..Q.I".l-.'t.".l."....'l"."'..l'l'.."..'II.'.'..".'.'.I..'/
macro POLYINT (drybulb, dewpt, indiv,IPLOT):
VIF &drybulbeYRS (then Wdo;
data tdprep:
set racbed;
elevieelevee?;
eleviseleveel;
elevdselaveoy;
elevSeelevers;
drop tdew wdir wapd;

run;
8if &indiveYRS tthen Vstriproc sort datastdprep: by ob temp pressure: run;):
Proc reg datastdprep outeststdest ncpriat:
model tempeelev elev2 elevl elevd elevs;
$if GINDIVeYES Sthen Vdo;

by aob;
Send;
Tun;quit;
Vif &IPIOTYRS Sthen tdo; . .
data dates:

set raodbtd;
keep ob time day month year:
if _n_el1 then oldob=0;

retain oldob;
if oldod ne ob then do;
output;
oldodecd;
end;
run;
data tdtemp: set tdest; run;
data tdest:
serge dates tdtemp
$if GINDIVeYES tthen tdo;
by ob:
tend;
run;
tend;

tend;
$IF &dewpta=YES \then bdo:
data tdewprep;

set rachtdew;
eleviselevee2;
eleviselever);
eleviéselevery;
elevSeelevees;
drop temp wdir wspd;

un;
if &indiveYES Vthen tstr(proc sort dln-:dgvpnp by ob temp pressure: run;):
proc reg dat d
wodel tdn-cltv elev2 elevl el:vd elevs;
$if GQINDIVeYRS Athen tdo;
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by ob;
tend;
Tun;quit;
end;
tmend POLYINT;
/* SAMPLE CALL
will analyse the set ¢f dry-bulb cbservaticna from the ascent file supplied,
will not analyse the corresponding set of dew point temperatures, and will
return Sth order polynomial parameter estimates for each individual ascent
in the dataset (because choice is set to YES
.
"
Spolyint (YES, NO, YES)
e/

m-preclean.sas

/Ot t80r0000000000teIrNIIINEIoTET e TN eITErtIIterIorIN NN UINNIRteTRRETEIIIIRRSY/

Macro PRECLEAN empties target files of any information they might have.
The option MOD in a SAS ocutput appends data, thus if the program is run
more than once extra unwanted data is accumulated in the files. This
®acTO also serves to initiallize these file spaces.

There are no input parameters; these outpu: dauluu aze currently
hardwired into the wodel and be 9 [ ] P SAS datasets
are generated.

Invocation structure is SPRECLEAN
User call exasple: SPRECLEAN

David B. Atkinson, October 1998.

/. COSPONNNPRACRARERNROONIOIOOOIIOREROITROOEEOROTOOED .'-!t't'...l'.."'l'l'.l"t.'/
taacro PRECLEAN:

/** clean out the files because the MCD option appends to exisitng files **/
data _aull_;

file */usr/local/data/modelout/wind.vec*; put;
file °*/ust/local/data/mcdelout /wxbariaz.vec®; put;

file */usr/local/data/modelout/wxbarlaz.dve*; pu:.
tile */usr/local/data/modelout/wybarlaz.dve®; puc
VDO cntel dto 6; /* currently there are six parameter en:xu:u ./
file */usz/local/data/modelout/nkent . .vec*; put;

file */usr/local/data/modelout/wybarlaz. voc': put;

me-raobread.sas

FARAAAAL AL AL LI L A L A A L A L L I L L T L L L R Y L Y

VALAS vos/

/%** Macro RACBREAD reads data from upper air ascents and stores each
/*** element, dry-bulb temperature. dew point temperature and wind data, in
/*** a separate SAS dataset. Upper air data sust be in FSL format and are eee/

/*** typically generated using the Radio Scnde data of North America CD ROMs. ese/
/*** Macro will act on the dataset supplied: the number of ascents desired
/*** must be specified when the data are being extracted from the CD-ROM.

There are five input parameters: DS specifies the locaticn of the file
to be processed, complete with drive and full path (no quotes}:; DRYBT,
DEWT and WINDS are specified as YES if a dataset with that element 1s to
be created (a comma to act as place holder if not YES), and LEVEL, which

datasets, depending on the input parameters: RAOBTD if DRYBT is set to YES eee/
RACRTDEW if DEWPT is set to YRS, and RAOBWIND if WINDS is set to YES. (XY}

."/
Macro also sets the values of three macrc variables to YRS or MO, dependingees/
cn which datasets were written: DRYBULBR if a dry buld temperature dataset
wae created, DEWTEMP if a dew point tesperature dataset was created, and
WINDDATA if & wind speed dataset was created. These macro variables
reside in the background of the sessicn and say be d to d ine
whether or nct various element-specific PROCS are executed.

Note that all SAS datasets, input and ocutput, reside in the WORKING 1ib.

Invocaticon structure is SRAOBREAD (ds, drydt, dewt, winde, level)
User call example: WRAOBREAD(D:\racbdata\88070100.BRW,YRS,, YRS, 300}
This call would request dry bulb temperatures and 300 mb level winds from ees/

the PSL datafile 88070100.8RW. evey
eeey
David K. Atkinson, October 1998. ooy
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/eee

I'-.lllI'l'...ll".'.l"I.tlII.l'.l"l"'..."..l".".".llI.."'ll'.l.'.'l.l.."!/
Smacro RACBREAD (ds, drybz., dewt, winds, level);
tglobal drybulb dewtemp winddata;
tlet drybulbeNO;
tlet dewtempeNO;
tlet winddatasNO;
data
VIF &drydbteYES tthen racbed;
AIF &dewt=YES tthen raobtdew;
SIF &windseYES Sthen racbwind;
8tday=&START;
edday«&RND;
length month § 4;
infile "&ds® END=DONE;
input ID O;
if n_el then cb=0;
if IDe254 then
do;
skipel;
input time day mcnth yearz;input;input;input;
datewinput (trim{left(day)) | |trim(month) | |erim(left (year)).dates.);
if date LT stday OR date GT edday then skipel:;
else obeobel;

else input pressure elev temp tdew wdir wepd;
if skipsl then goto skipit;
if pressures. and eleve. and tempe. and tdewe. and wdire. and wepde. then goto skipit;
i GdrybteYES tthen Vatr(tempetemp/10:); .
Vif &dewteYRS Gthen tetr{tdewstdew/10;);

format tesp tdew S.1;
Tetain time day month year date ob skip;
keep cb time day month year pressure elev tewp tdew wdir wepd;

AIP &drybteYRS \then tdo;
Sotr(if tewp«3276 and elev < 4500 and (date GE stday OR date LR edday) then output racbtd;);
if DONE then call sywput (’'drybulb’,*YRS®);
tend;

AIP &dewtsYRS tthen tdo;
tstriif tdew«<3276 and elev < 4500 and (date GR stday OR date LE edday) then cutput racbtdew:};
if DOME then call symput {‘dewtemp’,°YES®);
Send;

AIF GwindaeYES tthen Vdo:

Voer(if (pressure=clevel) AND NOT (wepd > 3000 OR wdir > 3J000) and (date GE stday OR date LE edday)
output racbwind;);

if DONE then call symput (‘winddata‘®,°*YES®);

Send;
skipit: obecb;
un;
YAl
data transfer:
drytulbesymget ( 'drybuldb*) ;
dewtempesymget (' & ')
winddatassymget (‘winddata');
un;
e/

tmend RACBREAD;

m-getdem.sas

/"'l'.""".."""l"'l"....'."..""""'.I'.Il.'...C".'.."l'l'.l"'.'.."./
/.ll

/*** Macro GETDEM gets a SAS dataset and converts it into a matrix. User
specifies size. Makes single column digital elevation model currently
stored as an IDRISI ees/

G1S image file and converts it to a matrix for use in PROC IML. This
must be called from within a PROC INL shell.

David . Atkinson, October 1998.

een/
S000EE0000EIEN00T0ICNI0NRRIPNICTIRITURSICRIITOCOITE/

LEAZA T RA AR R 2]}
fmacro SASTOMAT (SASname,nrows,ncols) ;
proc iml;
start CONVERT:
use &SASname;
read all into newmat;
Ssubetr (ESASname, 5, 5)mateshape (newmat , tnrows, &ncols) ;
STORE Ssubatr(&SASname.S,S)mat;
close &SASname;
finish;
sun CONVERT:
free /;
quit;
mend SASTOMAT:

/* note the original should be (&SASname,1.5) ; I have

changed it to 5.5 for testing 5.5 used to support

then
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DEM. addition; changed back 10 5,5 in Jun 1999 */

m-sastomw.sas

This is a modified version of m-sastomat.sas SAS dataset to IML matrix convertor for the winds images.
tmaczo SASTOMW (SASname,nrows,ncols) :
start CONVERT;
use &SASname;
read all into newmat;
Ssubstr (aSASname, 1, 5)mateghape (newmat, &nrows, gncols) ;
STORE tsubstr(tSASname.l.S5)mat;
close &SASname:
tinish;
run CONVERT:
/° free /: ./
Smend SASTOMN;

m-tget.sas

/.."'I'..".'"'l..'..'.'-'.'."'.'.'.'."I...'.'.l..I'..'...t.....'l'..."'."'.'/
VAL ese/
/*** Macro TGET extracts necessary temperature data from UA ascent (RAOBREAD), ees/
tits a fifth-order polynomial (FOLYINT) and places the parameter estimates e/
into the glcbal sacro variable environment for future access.

'.'/

No parameters are required; output is a set of parameter estimates for oo/

each etation, labelled T11, T2, etc. see/

l../

Note that all SAS datasets, input and output, reside in the WORKING lib. ese/

/

Call is VIGET veey

'Q'/

David B. Atkinsen, October 1996. eee/

Jove ere/

/'C'.."..I"'..'l.'.....'..'lI..'"..."'t..."""..t"'I.I"I.0"'."'.'."'.0.'/
taacro CLEAN;

Slet HEIGHT=O:
PROC DATASETS libraryswork:
delete invermod racbtd tdest:
run;
tmend CLEAN:
\macro TGET:
SCLEAN
tlet numbersanumfiles;
4do countesl §to &oumber;
SGLOBAL plicount p2&count plécount pda&count pSe&count péecount;
Slet L1&STYRARGSTMONTHGOtRATpAZt..YLT; /* AES Alert °/
Slet f{2+4STYRARASTMONTHGOCATPArt..YRU: /* ARS Bureka */
tlet £3«6STYRARASTMONTHEOthTpaArt. .YND; /* ARS Mould Bay °*/
Vlet L4=L4STYRARGSTMONTHGOtRIPATE. . YRB; /* ARS Resolute Bay */
tlet {SeLSTYRARLSTMONTHECOThrpart..YCB; /* ARS Cambridge Bay °*/
tlet £6«LSTYRARLSTMONTHGOCRIPALE. . YUX: /* ARS Hall Beach ¢/
tlet f£7=4STYRARASTMONTHGOthZpart..BTI; /* Barter Island, AK °*/
Slet f£8=4STYRARLSTMONTHLOCAIDAZE. .BRW; /* Barrow, AKX ¢/
Slet £9«LSTYRARASTMONTHLOChTDAZE..YVH; /* Probisher Bay °*/
SRACBREAD (/ust/local/data/modelin/ skl &count, YES)
proc sort datasracbtd cutsraocbtd; by elev temp; run;
SPOLYINT (YRS)
libname DA */usr/local/data/modelin/®;
proc datasets libraryeswork; copy outeDA; select tdest: run;quit:
WOINVER
data _null_;
set tdeet;
call symput (*P1’|jtrim(left (count}), INTRRCEP) ;
call symput (*P2'||trim(left (scount)),elev):
call symput (‘P)’||trim(left (scount)),elevd);
call symput{‘Pd’||trim(left (&count)) elevl);
call symput (*PS'||trim(left(&count)) . eleve);
call symput ('P6* | |trim(left (scount)),elevs);
Tun;
/'
data intplot;
set DA.tdest:
do z=0 to 4000;
temp=INTERCEP+elevezoelev2ozoe2.eleviozeriselevarzov4oelevsezens;
tempnews&iPlicount « &EPacountes « G&Pl&counteze*2 »
&EPARCOUNTZ**] o GAPS&COUNtezZe*4 + REPGLCOUNCeZO*S;
output;
end;
run;
goptions noprompt;
titlel feswigsd cegreen hsl.S "Ascent profile for \substr(&&f&count,10!°;
title2 hel fegwiss *Mean for month Ysubstr(&kfécount,l.2) in 19%subetr(&&fécount.l1,2)*;
titlel hel fegwiss °*Check on curve with inversion signal removede:
symboll iejoin value=none wsd colorsbdblack;
symbol2 isjoin valuesnone wed colorered:
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axisl ordere(0 to 5000 by 500) labele(anglee«90 feswiss ‘Elevation in metres')

valuee (f=gwiss Re.7S5);

axis2 order=(-25 to 15 by 5) labels{fegwiss 'Temperature’'} values(feswiss he.75});

Prec gplot datasintplot;

./
Vend;

plot

run; quit;

Smend TGET:

m-wget.sas

/l..".'..'t't""'...t"t."'l‘.I"0.'0C't'Il....-'l...l.."...0'...'......."'.../

YALL]

/*** Macro WGET retrieves wind data from the UA profiles, converts to radians.
takes the means and writes the x and y component means to IDRISI GIS
These files are later used for interpoclation.

/oee

/e*e format point vector files.

Joee

/o** There are no input parameters other than those requested from the window.
No output SAS datasets are generated; four ascii text files are generated.

YALL]
VAL L)
YALL]

/*** Invocation structure is AWGET
/%% User call example: WWGET

FALLS

/*** David B. Atkinscn, October 1998.

FALL]

/900000000000 0000000000 000000000 ERRIIINtRRENotItteattteoteesiEnnessteesstesnese

Smacro

Slet numberetnumfiles:

Ydo countsl tto &number;
SRAOBREAD (/usr/local/data/modelin/ &kt acount, , , YRS, bwindlevl)

VAl
daca

un;

data windstat; set windstat: xmeaneround (xmean,.001) ;ymeaseround (ywean,.00l);run;

winds;

set racb&windlevl;
if wdir > 1000 OR wepd > 1000 then return;
kesp ob elev wiir wspd;

outpue;

input ob elev wdir wapd;

windmean ;
set raobwind;

z°tenpel zotempnews2 /aoverlay

vaxissaxisl
haxiseaxis2
lhrefs2
Rrefe0

xcomperound (8in( (wdir/360) *2°3.14159} *wapd, .0001) ;
ycomperound (cos( (wdizr/360) *2°3.14159) *wapd, .0001) ;

sumary datasvindsean;

var xcomp

H

ycosp
output outswindstat meansxmean ymean;

/* removes rounding errors ¢/

data

aull_;
set windstat;
loce&count ;
donesinuaber:

file *"/usr/local/data/modelout/wxbarlaz.vec® mod;

put xmean * 1.00°;
if locel then put °542435.4375 €256179.5°;

else if loce2
elese if loceld
else if loced
elae if locsS
else if loceé
else if loce?
else if loces
elae if loce9

put °Q¢ 0°;

file */usr/local/data/modelout/wxbarlaz.dve®;

‘file title’ €1) °':* O15 'Upper air data: coefficieat for the wind xcomponent mean'/
o ‘'id type’
el ‘file type' €13 *:

put o1

then put °*283719

then put *-1813027.62S 1675504.°;
then put °-1565531.375 1267011.°:

.35 3666941.";

1°

Alert */

/* Bureka ¢/

then put °-525069.3125 3507485.75°; /¢ Mould ¢/
then put °*152737.203125 3277719.75°;
then put *-208361.109375 2670468.5°;
then put °763029.375 2720698.75°; /*

YA
/e

then put °1515187.75 2403340.75"; /¢
if locedone then do;

el

€15 ‘real'/

* @15 ‘ascii‘'/

@1 ‘object type‘' 813 ':*' @15 ‘point°*/
ol ‘'ref. system' €13 ':
81 ‘ref. units' #13 °':*
1 ‘umit dist.' @13 °:°
o1 ‘min. X' €13 ':* @15
el ‘max. X' @13 ‘':’ @15
o1 ‘min. Y' @11 ':* @1S
0l ‘max. Y' €131 °:* @1$5

6l ‘pos’n error® €13 °

81 ‘resolution’ €131 °:°

' 01§ ‘lazea‘/
s ‘m'/

€15 °1.0000000°

'-19Q0000*' /
'1550000° /
*2350000° /
*4300000° /
* @15 'unknown'/
@15 ‘unknown':

/

/* Res */

/* Cambridge ¢/
Hall ¢/

BarTow ¢/
Sarter Island ¢/
frobisher ¢/
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end;
file */usr/local/data/modelout/wybarlaz.vec® mod;
put ymean * 1.00°;
if locsi then put °542435.4375 4256179.5°; /* Alezr +/
else if loce2 then put °®283719.25 1866941.°; /* Bureka */
else if loce3 then put *-525069.3125 3507485.75%; /* mMould ¢/
else if loce4 then put °152737.203125 3277719.75%: /°* Res */
else if loce=S then put °-208161.109375 2670488.5°; /* Cambridge */
elase if loce6 then put °763029.375 2728698.75%; /* Hall +/
elge if loc=7 then put *-1813027.625 1675504.°; /* Barrow */
else if loce8 then put =-1565531.375 3267011.°; /* Barter lsland */
else if loce9 then put *1515387.75 2403340.75°; /* Frobisher =/
if locedone then do;
put *0 0°;
file */usr/local/data/modelout/wybarlaz.dve®;
put o1 ‘file zitle' @1) ':' @15 'Upper air data: coefficient for the wind y component mean'/
o ‘id type' o1) *:* #15 ‘real‘'/
ol ‘file type® @13 °*:' @15 ‘ascii'/
@1 ‘cbject type’' @13 ‘:°' @15 ‘point'/
el ‘'ref. system' @13 ‘':’ @15 ‘'lazea‘’/
ol ‘'ref. units’ €13 ':*' €15 'm*'/
o1 ‘'unit dist.® @13 °':* @15 °*1.0000000°/
@l ‘'min. X' €13 °':' @15 *'-1900000° /
el 'max. X' @13 ':’' @15 *1550000' /
@l ‘min. Y' @13 ':' €15 '2350000° /
o1 ‘max. Y' @13 ':' @15 '4300000° /
@l ‘pos‘'n error® €1} ':' @15 ‘unknown'/
6l ‘resolution' @11 ‘':' 815 ‘unknown';

end;
tend:
tmend WGET;
m-windxy.sas

This reads in processed wind images that have been output in IDRIS! format.
tmacro WINDXY:
/** Get x and y vector data point °*/
data xidrimpt;
infile */usr/local/data/modelout/wxbarlaz.vec®;
INPUT val;
1f (MOD(_n_,2)=0 or _n_ > 18) THEN RETURN;
output;
un;
data yidrimpt;
infile */usr/local/data/modelout/wybarlaz.vec®;
INPUT val:
if (MOD(_n_,2)e0 or _n_ > 18) THEN RETURN:
output;
TuR;
/** BID get x and y vector point data **/
Smend WINDXY;

m-winterpl.sas

/* Main program: WIND RFFECT IMACE o/
/* Call is WMINTERPL(exponent) ./
L ] L]
7 Y
/* 1. Read in raw point or image data. o/
/* 2. If point data run interpolation routine; ./
/* interpolate x P and y - ./
/° mean fields. .
/* 3. Use x and y mean field interpolation o/
/¢ results to generate resultant wind direction */
TAd and velocity interpolated over entire image. ¢/
/* 4. Create wind speed and directicn ./
TAd claseification image. ./
/* S. Separate out land areas by filter type zones; °*/
TAd create maskas (give buffer zone equal to cne ¢/
/* half filter width plus 1}. */
IAd 6. Apply each filter to ite zone. Pilter will */
/* only act where pixel « 1: masked out land ./
TAd pixels will be coded to -999, ocean to 0. ./
TAd 7. Recombine results into one image. This ./
/* image describes influence of average winds ./
/* for a given period of time over entire region.*/
. .
7 y
/* David B. Atkinson October 1998. ./
/° ./

/9000000000000 0000000000000000000000000000000000 0000000/
AL A e e L L L L I L Y Y
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/."..'..I'..."..‘"l'............'...'...."I...'.I"/
$macro WINTERPL (exponent) ;
SNINDXY /¢ create x and y vector fields as SAs filese*/
proc ial:
/e** INTERPCLATE xmean vector and y mean vector fields ee¢/
ASASTOMW (xidrimpe , snumfiles, 1)
atart xinterp:
stnlocse {GALTC &ALTY, GEURC &EURR, &MLDC &MLOR,
&RESC GRESR, &CAMC &CAMR, GHALC EHALR,
GBRWC &BRWR, &BARC &BARR, &FROC &FROR};
stationxestnlocs| | XIDRIMAT;
/* to force edge locns to non zero coordinates (not sure its needed)
atnlocsestationx(,1:2);
stnvalsestationx{,3];
stnlocsechoose (stalocs=0,1, stnlocs) ; \
/* stationxsetnlocs||stavals; */
xmatsj (hrows, &cols,.l); /* create grid, initiallize to 1 */
do row = 1 to &rows;
do colel to &cols;
distae((col-staticnx(,1])#82« (row-azationx(,2])002)890.5;
distsachoose (distse=0, .8165 . dists); /* .8165 gives wtel.5 ®/
weightsel/ (dists#dtexponent) ;
wtvalseweighta#stationx(,3);
xmat (row,col] eround (sum(wtvalas) /sum(weights) 1) ;
end;
end:
atore xmat:
free xmat;
finish;
SSASTOMM (yidrimpe, &numfiles, 1)
start yinterp:
stationyestnlocs| | YIDRIMAT;
ymatej (kTows, &COlS.1); /* create grid, initiallize to 1 ¢/
do row e 1 to &rows;
do colel to &cols;
digtee{{col-stationy(,1]) #82+ (row-stationy(.2})082);
distesechocse (distes0, .8165,dists);
weightsel/(distssdiexponent) ;
wtvalseweights#etationy(,3];
yaat (row,col] ssum{wtvals) /eum(weights) ;

atore ymat;
free /:
finash;
/*% END INTERPOLATE °*°/
start analys;
load xmat;
Xle (xmat»0} ;
x3=(xmat<0) ;
xSe (xmate0) ;
store x1 x3 x5;
free /;
load ywmat;
X2e (ymats»C) ; -
xé= (ymat<0);
x6=(ymats0);
store x2 x4 x6;
free /;
load xi x2;
amagksx1¥x2; /* x > 0 and y » 0 */
store amask;
free amask x1;
load x3;
DaaskexI#X2; /* x < 0O and y » 0 ¢/
store bmask;
free bmask x2:
load x4¢;
cmaskexllx4; /* x < 0 and y < 0 ¢/
store cmask;
free cmask xJ;
load x1;
dmaskexifixd; /°* x > 06 and y < 0 v/~
store dmask:

emagkoxS@#x2; /* x s 0 and y > 0 */

faaskexS#xd;: /* x « 0 and y < 0 ¢/
store fmask;
free /:
load x1 x6;

gaagkex€fixl; /* y = 0 and x > 0 ¢/
stoze gmask;
free gmask x1;

hmaskex68#xl; /* y = 0 and x < 0 ¢/
remove xi x2 x3 x4 x5 x6;
load xmat ymat;

combdire((atan(xmat/ymat))#(180/3.14159));
free xmat ymat;
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load amask;

adirscombdirfemask: /¢ element-wise multiplicaticn is # */
store adir;
free adir amask;

load bmask;
bdir={combdire360) Abmask;
store bdir:
free bmask bdir;
lowdirscombdizre180;
free combdir;
show storage;
load cmask;
cdire(lowdir) Scmask;
store cdir; free cmask cdir:; load dmask;
ddirs{lowdir) #cdmask;
store ddir; free dmask ddir lowdir: load emask;
edirs360temask;
store edir; free emask edir; load fmask;
fdirel8osfmank;
store fdir; free fdir fmask; load gmask;
gdir=30¢gmask;
store gdir; free gdir gmask; load hmask:
hdire370shmask
free hmask;
show storage:;
load gdir;
sumdhgehdiregdir;
remove hdir gdir:
store sumdhqg; free hdir gdir sumdhg; load fdir edir;
sundef«fdireedir;
remove fdir edir;
store sumdef; free £dir edir sumdef; load ddir cdir;
sumddceeddirecddir;
atore sumddc; free ddir cdir sumddc; load bdir adir:
sumdbaebdireadir;
store sumdba; free /; load sumdba sumddc:
sumdl esuadba+eumddc;
remove sumdba sumddc;
etore sumdl; free /; load sumdef sumdhg;
sumd2essumde! +sunghg;
remove sumdef sumdhg;
store sumd2;
free /;
show storage;
load sumdl sumd2:;
sumdirssumdlegumd2;
atore sumdir;
remove sumdl sumd2;
free /;
show storage;

PRINT °END OF DIR START OF SPD*;

load xmat adir;
aspdle (abs omat/ (sin((adir/360)8263.14159))) ) ;
remove adir;
free adir xmat; °
load amask;
aspdsaspdifamask;
remove amask;

show storage;

load bdir xmat:
bepdle (abs (xmat/ (sin{ (Ddiz/360)9203.24159))));
remove bdir;
free Ddir xmat:
load bmask:
bepdebepdlébnask ;
resove bmask;
store bepd;
free /:

show storage;

load cdir xmat;

cspdle (abe (xmat/ (sin((cdir/360)92831.14159))) ) ;
remove cdir;
free cdir xmat;
load cmask;

cspdecspdlicmask;

/* CSPD AND DSPD may require YMAT not XMAT ¢/

remove cmask:
store capd:
free /:

show storage;

load ddir xmat:
dspdile (abs (xmat/ (8in ((ddir/360) #2#3.14159))) ) ;
remove dadir;
free ddir xmat;
load dmask;
depdedspdlfdmask;
remove dmask:
store dspd;

free /;

show storage;

load ymat emask;
espdeads (ymat) femask;
remove emask:
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atore espd;
free espd emask;
load fmask;
fspdeads (ymat) 8fmaak;
remove fmask:

ahow etorage;

load xmat gmask;
gupdeabs (xmat) Sgmask;

remove gmask;

store gepd;

free gspd gmask;

load hmask;
hspdsabs (xmat) shmask;

remove hmask;

store hepd;

free /;

show storage;

load aspd bspd;
sumleaspdebapd;

remove aspd bapd;

atore suml;

free /;

load cspd dspd;
sum2=cspd+dspd;

remove cspd depd;

stOre sum2;

free /;

load espd fapd;
sumleespdefopd;

remove espd fspd;

atore suml;

show storage;

Temove Suml suml;
store suAall;
load sum) sumd;
Suml4egurlesumd ;
free sum) sumd;
remove SuAl Sumd ;
load eumi2;
sumspdegunl2esumiy;
remove suml2; -
store sumepd:
free /;
show storage;
TEROVE XBAC YRmat:
/° speed category reclass ¢/
load sumspd;
calmechoose (sumspdc<l,0,1) ;
store calm;
free cals;
dspdech ((8< pd) &l pdel5),1,0);
store medspd;
free medspd;
lowspdech
store lowspd;

free lowepd;
hiahabdech

store highspd;
free :

( pd<t,2,0);

( *15,4,0);

rescve H
Print "Begin direction category rclasa°®;
/* direction category reclass °*/
load sumdir;
northlschoose({ (sumdir>e316) &(sumdir<=160)),8,0);
astore northy;
free northl;
north2echoose( ( (sumdirse0) & (sumdirceds)) 8,0} ; /* July 15.99 changed sumdir>e0; was sumdir»e0.001 ¢/
store northl;
free north2;
eagtechoose ( (suadizr>45) a(sumdiresl3s),16,0);
store east;
free east:
scuthechoose ((sumdis>135) & (sumdire=225),32,0) ;
atore south;
free south;
westechoose ( (sumdiz>225) & (sumdire3ls), 64,01 ;
store west;
free /:
load northl north2;
ncrthenorthlenorth;
atore north;
fzee /;
remove northl northi;
remove sumdir;
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Print *begin filter classification®;
/* filter classification ¢/
load medspd lowspd;
spdmlemedepds lowspd;
free medspd lowepd:;
load highspd;

stozre spd;
print *got past spdemedspdelowspdehighspd®;

free /;

remove medspd lowspd highspd;

locad north east;
nesnortheeast;

store ne;

free /;

remove north east;

load south west;
SwegQuthewest;

store sw;

free /;

remove south west;

load ne av;
nesvasnie+avw;

store neawv;

remcve ne aw;

free /;

load nesw spd;
totleneswespd;

store totl:

tiltermpecalaseorl;
Temove cala totl;
store filtermp;

SIMGOUMP (/ust/local/data/modelout/, windres, filtermp, &rows, &COle, bmaxx, Mminx, Aaaxy, (miny)

free /;

/* filtermpecalsd (medspdslowspdehighspdsnortheqastsscuthswest) ;

¢/
/*® APPLY PILTER ¢¢/
/.

create 12 resultant speed/dirction categories: twelve filters to choose from

generate masks to apply each filter
recombine results

finimgecombiznation of (findir and finspd) to get twelve groups:

generate filter for each group.
./
finish; /* analysis ¢/
/.
start exprt:
finmatleshape (sumdir,0,1);
slxxemax(finmatl) ;
sinneain(fimmatl);
finmat2eshape (sumepd,0,1) ;
maxspdemax(finmat2) ;
uinspdsain{finmatl);
create opdir from finmatl[colnames‘'pixels’);
append from finmatl;
close opdir;

filename dir °‘/usr/local/data/modelout/testdir.img’;

file dir;
do iel to nrow(finmatl):
put {(finmazl(i,1]) ;

closefile dir:

create opspd from finmat2(colnames‘'pixels’]:;
append from finmat2:

close opspd:

filename spd ‘/usr/local/data/modelout/testspd.img’;

tfile spd;
do i=l to nrow(finmat2);
put (finmat2{i,1}) :
end;
closefile opd;
finish;
./
un xiaterp;
run yiaterp:

Tun analys;

/* run exprt; */
quat;

%mend WINTERPL;
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