

















































































































































































































































































































































































































adj_area(m+1l) -= (l-npeak(m+l) / npeak(m+3) ) * alpha MMI *
{extremum (m+2) /extremum(m+1)) * beta_MMI * ext_ area(m+l);

if( adj_area(m+l) < 0 ) adj_area(m+l) = 0; // set to zero if neg.
}
}
// CASE 2 - Current mode takes area from both R and L neighbours
if ( npeak(m+l) >= npeak(m+3) && npeak(m+l) >= npeak(m-1) )
{ adj_area(m+1) += ((1l-npeak(m+3) / npeak{m+1l) )} * alpha MMI *
(extremum (m+2) /extremum(m+3)) * beta MMI * ext_area (m+3) +
(1-npeak(m-1) / npeak(m+1) ) * alpha MMI *
(extremum(m) /extremum(m-1)) * beta MMI *
ext_area(m-1)); }
// CASE 3 - Current mode gives up area to R but takes from L side
if( npeak(m+1l) < npeak(m+3) && npeak{m+l) >= npeak(m-1) )
{ adj_area(m+1l) -= {(1l-npeak(m+l) / npeak(m+3) ) * alpha MMI *
(extremum(m+2) /extremum(m+1)) * beta MMI * ext_area(m+l) -
(1-npeak(m-1) / npeak(m+1) ) * alpha MMI *
(extremum(m) /extremum(m-1)) * beta MMI * ext_area(m-1)); }
// CASE 4 - Current mode takes from R side but gives up area to L side
if ( npeak{(m+1l) >= npeak(m+3) && npeak(m+l) < npeak{(m-1) )
{ adj_area(m+1) += ((1-npeak(m+3) /npeak(m+l) ) * alpha_MMI *
(extremum (m+2) /extremum(m+3)) * beta MMI * ext_area(m+3) -
(1-npeak(m+1) /npeak (m-1) ) * alpha MMI *
(extremum(m) /extremum{m+1)) * beta MMI * ext_area(m+l)); }

}

}}} // end of L to R pass
// PROCESS MAXIMA R TO GLOBAL MAX AND COMPUTE ADJUSTED AREAS (R-L pass)

// n.b: from R to L, R = (m+l) and L=(m-1) for max, (m) and (m-2) for min.
if( ext_num > 3 ) { // do R-L pass only if more than one mode
if (max_npeak != (ext_num-1)){// do R-L pass only if global max not last max
for( m=(ext_num-2); m>=(max_npeak+l); m -= 2 )// for each mode up to that
{ // to the R of the global max
adj_area(m+l) = ext_area(m+l);// initialize adj_area for current max

// ADJUST AREA UNDER CURRENT MODE DEPENDING ON R &/or L NEIGHBOURS
// Three cases: i and ii in L-R pass; iii and ii in R-L pass.
// Case iii: current is the last maximum (only L neighbour)

if( m == (ext_num-2) )
{
// CASE 3 - Current max gives up area to L (no R side)
if { npeak(m+1) < npeak(m-1) )}
{ adj_area(m+l) -= (1-npeak(m+1)/ npeak(m-1)) * alpha MMI *
(extremum(m) /extremum(m+1l)) * beta MMI * ext_area(m+l); }
// CASE 4 - Current max takes from L side (no R side)

if ( npeak (m+1) >= npeak(m-1) )}

{ adj_area(m+l) += (1-npeak({m-1)/ npeak{m+1l)) * alpha MMI *
(extremum(m) /extremum(m-1)) * beta_MMI * ext_area(m-1); }

}

// Case ii: current max between 2nd last & global max (two neighbours)

if( m < second_last && m >= (max_npeak+1l) )
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//

/7

//

/!

{

CASE 1 - Current mode gives up area to both R and L neighbours
if ( npeak(m+1l) < npeak(m+3) && npeak(m+l) < npeak(m-1) )}

{

if ( npeak(m+3) > npeak (m-1) ) // R mode > L mode
{ // Give area to largest mode first
adj_area(m+1l) -= (l-npeak(m+l) / npeak(m+3) ) * alpha MMI *
(extremum(m+2) /extremum(m+1l)) * beta MMI * ext_area(m+l);
adj_area(m+l) -= (1-npeak(m+l) / npeak(m-1) ) * alpha MMI *
(extremum(m) /extremum(m+l)) * beta_MMI * ext_area(m+l);
if( adj_area({m+l) < 0 ) adj_area(m+l) = 0; // set to zero if neg.
}
else // L mode > R mode
{ // Give area to largest mode first
adj_area(m+l) -= (l-npeak(m+l) / npeak(m-1) ) * alpha MMI *
(extremum(m}) /extremum(m+1)) * beta MMI * ext_area(m+l};
adj_area(m+l) -= (l-npeak(m+l) / npeak(m+3) ) * alpha MMI *
(extremum(m+2) /extremum(m+1)) * beta MMI * ext_area (m+1);
if( adj_area(m+l) < 0 ) adj_area{m+l) = 0; // set to zero if neg.

}
}

CASE 2 - Current mode takes area from both R and L neighbours
if ( npeak(m+l) >= npeak(m+3) && npeak(m+1l) >= npeak(m-1) )

{ adj_area(m+1) += ((l-npeak(m+3) / npeak(m+1l) ) * alpha MMI *
(extremum (m+2) /extremum(m+3)) * beta MMI * ext_area(m+3) +
(1-npeak (m-1) / npeak(m+1) )} * alpha MMI

* (extremum(m) /extremum(m-1)) * beta_MMI * ext_area(m-1)); }

CASE 3 - Current mode gives up area to R but takes from L side
if( npeak(m+l) < npeak(m+3) && npeak(m+l) >= npeak(m-1) )

{ adj_area(m+1l) -= ((l-npeak(m+l) / npeak{m+3} ) * alpha MMI *
(extremum(m+2) /extremum(m+l)) * beta MMI * ext_area(m+l) -
(1-npeak (m-1) / npeak(m+l) ) * alpha MMI *
(extremum(m) /extremum(m-1)) * beta MMI * ext_area(m-1)); }

CASE 4 - Current mode takes from R side but gives up area to L side
if ( npeak (m+1l) >= npeak(m+3) && npeak(m+l) < npeak(m-1) )

{ adj_area(m+1) += ((l-npeak(m+3) /npeak(m+1) )} * alpha MMI *
(extremum(m+2) /extremum(m+3)) * beta MMI * ext_area(m+3) -
(1-npeak (m+1) /npeak(m-1) ) * alpha_MMI *

(extremum(m) /extremum(m+1l)) * beta_MMI * ext_area(m+1)); }

}
11} // end of R to L pass
// NOW ADJUST THE AREA OF THE GLOBAL MAX (ALWAYS TAKES FROM BOTH SIDES)

// Three cases: Global max is first max, last max or between other maxima

m = (max_npeak - 1);

if (m==1 && ext_num > 3 ) // global max is also L-most local max
{ // and there are more than one maxima
adj_area(m+1l) = ext_area(m+l); // initialize adj_area for global max
adj_area(m+1) += (1 - npeak(m+3) / npeak(m+l) )* alpha MMI *

(extremum(m+2) /extremum(m+3))* beta MMI * ext_area(m+3);
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} // (takes from R (& only) neighbour).

if ( m == (ext_num-2) && ext_num>3 )// global max is also R-most local max

{ // and there are more than one maxima

adj_area(m+l) = ext_area(m+l); // initialize adj_area for global max

adj_area(m+l) += (1- npeak(m-1)/ npeak (m+1) ) * alpha MMI *

(extremum(m) /extremum(m-1) ) * beta MMJ * ext_area(m-1);

} // (takes from L (& only) neighbour) .

if ( ext_num > 6 ) // global max has two or more neighbours

{ if(m != 1 && m != (ext_num - 2) )

{

adj_area(m+1l) = ext_area(m+l); // initialize adj_area for global max

adj_area(m+1) += ((l-npeak(m+3) / npeak(m+1l) ) * alpha MMI *
(extremum (m+2) /extremum(m+3)) * beta MMI * ext_area(m+3) +
(1-npeak(m-1) / npeak{(m+1l) ) * alpha MMI *

(extremum(m) /extremum(m-1)) * beta_MMI * ext_area(m-1));
// (takes area from L and R neighbours).

1

if ( ext_num == 3 ) // global max is only max (unimodal)
{ adj_area(m+l) = ext_area(m+l);} // initialize adj_area for global max
for(m = 2; m < ext_num; m += 2 ) // Print each mode's stats

{ fprintf (pdf_file, "\n%2d %12.71f = min,$%34.61f = area (falling limb)*",
(m-1), extremum(m-1), ext_area(m-1) );

fprintf (pdf_file, "\n%2d %12.71f = max,%10.71f = net peak %12.61f = area,"
"%$12.61f = adjusted area", m, extremum(m), npeak(m),
ext_area( m ), adj_area( m ) );

if ( m == max_npeak ) fprintf (pdf_file, " **");

global_max_area += adj_area( m );

if (m== (ext_num-1))

{fprintf (pdf_file, "\n%2d %12.71f = min,%34.61f = area (falling limb)",
(m+l) , extremum(m+1l), ext area(m+l) ); }}

fprintf (pdf_£file, "\n\n%42.61£f, total area", area_sum);

fprintf (pdf_file, "\n%42.61f, total area (adjusted)", global_max_area) ;

if( (global_max area - area_sum) < 0.000001 ) {

fprintf (pdf_file, "\n%42.21f, percent difference is effectively zero.") ; }

else {

fprintf (pdf file, "\n%42.21f, percent difference.",
(global_max_area-area_sum)/area_sum*100 ); }

// CALCULATE MMI

fprintf (pdf_file, "\n\n%8.61f = LHS_area\n%8.61f = RHS_area\n%4.21f area"
" in RHS tail.", LHS_area, (area_sum-LHS_area),
area_sum/ (area_sum-LHS_area) );

fprintf (MMI_out, "%10.71f,%10.71f,%4.21f,",LHS_area, (area_sum-LHS_area),
area_sum/ (area_sum-LHS_area) *100 )} ;

flushall();

if ( ext_num > 3 )

{ MMI = area_sum / adj_area(max_npeak); }

else

{ if (LHS_area < (area_sum-LHS_srea)) { LHS_area = (area_sum-LHS_area);}

MMI = area_sum / LHS_area; }
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fprintf (pdf_file, "\n\n%6d = ID no. for this station", STATION_ID);

fprintf (pdf_file, "\n%6d = No. of modes for this station", num modes);

fprintf (pdf_file, "\n%6.21f = MMI for this station", MMI);

fprintf (MMI_out, "%6d,%6d,%6.21£,",STATION_ID, num _modes,MMI);

// Print each mode's stats

for( m = 2; m < ext_num; m += 2 )

{fprintf(MMI_out,"%2d,%12.71f,%12.61f,",(m-1),extremum(m—l),ext_area(m-l));

fprintf(MMI_out,"%2d,%12.7lf,%12.61f,%10.7lf,",m,extremum(m),ext_area(m),
npeak (m) ,adj_area(m));

if (m==(ext_num-1)) {

fprintf (MMI_out,"%2d,%12.71f,%12.61f\n", (m+1), extremum(m+1),ext_area(m+l)};

1}

flushall{); fclose(pdf_file); fclose(MMI_out); // clean-up

return num_modes;

B.4 SPANS GIS Script to Evaluate Spatial Contrast

The following listing shows a script used to perform repetitive GIS tasks. The CONTRAST
macro runs in just over seven hours on a 486 DX4-100 PC and is typical of the more than 15

such scripts used in this study for buffering, mapping temporal coverage, etc.

RECLASSIFICATIONS BELOW EDITED MANUALLY FOR EACH REGION 1
:reclcreat £ =r0lon-1 m =reg-altl
:reclcreat £ =r0loffl m =reg-altl

CREATE NEW BASEMAPS FOR ON- AND OFF-REGION AREAS
:setbase b =b-land
:reclass m =reg-altl o =r0lon-1 w =00 b =n s =y £ =rolon-1 g =15
:reclass m =reg-altl o =x0loffl w =00 b =n s =y £ =r0loffl q =15
SET BASEMAP TO "ON-" REGION & MEASURE ON-PATTERN VARIABLES
:setbase b =ro0lon-1

;area2 m =buf-0101 n =lskewl2 w =00 r =rOlskwla s =n p =n
:area2 m =buf-0101 n =l-cv-12 w =00 r =rOlcv-la s =n p =n
:area2 m =buf-0101 n =lmndal2 w =00 r =r0lmn-la s =n p =n
carea2 m =buf-0101 n =lcvt-12 w =00 r =r0lcvtla s =n p =n
carea2 m =buf-0101 n =lmnt-12 w =00 r =r0lmntlia s =n p =n
:area2 m =buf-0101 n =buf-lak5 w =00 r =r0ildisla s =n p =n
rarea2 m =buf-0101 n =VEG w =00 r =r0lvegla s =n p =n
:area2 m =buf-0101 n =mmi-12 w =00 r =rO0lmmila s =n p =n
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SET BASEMAP TO "OFF" REGION & MEASURE OFF-PATTERN VARIABLES
:setbase b =r0loffl

:area2 m =buf-0101 n =lskewl2 w =00 r =xr0lskwlb s =n p =n
:area2 m =buf-0101 n =l-cv-12 w =00 ¥ =xr0lcv-1lb s =n p =n
:area2 m =buf-0101 n =lmndal2 w =00 r =xr0lmn-lb s =n p =n
:area2 m =buf-0101 n =lcvt-12 w =00 xr =rOlcvtlb s =n p =n
:area2 m =buf-0101 n =lmnt-12 w =00 r =xO0lmntlb s =n p =n
:area2 m =buf-0101 n =buf-lak5 w =00 r =r0ldislb s =n p =n
rarea2 m =buf-0101 n =VEG w =00 r =rOlveglb s =n p =n
:area2 m =buf-0101 n =mmi-12 w =00 r =r0lmmilb s =n p =n

..repeats for 16 regions and two alternatives. Total run time approximately 16 hours.
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APPENDIX C

OUTPUT MAPS AND TABLES - A Flood Frequency
Atlas for Central and Eastern Canada

This appendix documents all source and derived maps used in this study. It loosely
follows the ASTM (1996) guidelines for digital spatial metadata and covers the
specification of the study universe; the origin of source data or maps; the principal data
transformations; and the accuracy of each resulting evidence map used in the study.
Representative maps have been printed for quick reference and in order to make this

document as self-contained as possible.

Specification of the Study Universe

In SPANS™ GIS terminology, the spheroid, projection and extent of the area mapped
in a study is called the study universe. The Clarke 1866 spheroid was selected due to
its widespread use in North America. The Albers equal area projection was selected
since the primary variable, stream flow, is supplied as point data and since point
pattern analysis is the central objective of the study. The extents were selected so as
to position Ontario and Quebec near the centre of the study area and to support a
minimum pixel dimensions of 150 m (at quad level 15). This resulted in an area

approximately bounded by: 55 < "W LON < 110 and 42 < °N LAT < 63.
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Source Maps

Source maps are the result of mapping primary information without transformations.
Each source map used in this study is listed in Table C.1, which gives the origin,
accuracy and versions for each map. Due to the large number of maps, numbering well
over a hundred, produced in this study, the most detailed version of each source map

are available for inspection upon request.

Table C.1: Metadata for Source Maps

Name Origin Quality Versions
ANN Canada Climate 300 m resolution and few 7 to 9 classes
Normals (in map form) classes — general patterns.

B-LAND Environment Canada 300 m resolution islands or no
islands

B-LAKE Environment Canada Mosaic all lakes, large
lakes, great lakes

B-PROV Environment Canada Mosaic also vectors

COV- HYDAT flow gauges Daily temporal coverage 5, 10, 20 year
spans, monthly &
seasonal.

PHYSLAND | Environment Canada 300 m resolution 12 or 6 classes

WSHD-0_ Environment Canada Mosaic 3", 27 and 1%
order drainage
divides

N.B: Underscore is a wildcard used to represent any letter or number.

The term: "mosaic"” indicates that this map was itself assembled from three source maps
brought into spatial register within the study area: Canada (300 m resolution), Ontario
and Quebec (both at 150 m resolution. This was done to ensure the highest possible
location accuracy within the central portions of the study area for drainage basin divide

and water body features.
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Derived Maps

The first task in a GIS study is to visualize the temporal and spatial coverage for the
study area. Spatial coverage is displayed by assigning the entire area to Thiessen
polygons for each data type, e.g. flows or meteorological data, and adding the gauge
locations as symbols whose dimension increases with record length. Temporal
coverage is displayed by creating a series of maps, each representing a fixed time-span,
and colour-coding each polygon according to completeness of coverage within each

span. These maps are provided for 10-year time spans.

Some of the source maps were buifered to support distance-to-feature measurements
(BUF-). Some of the maps were obtained by transforming point data to surfaces (or
contour maps) using kriging. The most detailed version of each derived map has been

provided at the end of this appendix and listed in Table C.2.

Table C.2: Metadata for Derived Maps

Name Origin Transformation(s) Versions
BUF-LAKE B-LAND and B- Buffering to 300 km in Small and great lakes,
LAKE source maps 25 km increments. oceans & all (4 maps)
BUF-###+# | WSHD- source Buffering to average Two times 16 maps (on
maps homo. region size in 10 | and off-pattern)
increments.

COV-### Flow gauge points Voronoi polygons 50 to 150 m “radius of
combined with point influence" (5 maps).
buffering to 150 km Time coverage (31) and
every 25 km frequency (16 maps).

L- HYDAT Flow Data Geostatistical 10 and 5 equal-interval
estimation on a 1o grid classes for
followed by import, measurement and
interpolation visualisation

REG-#### | WSHD-3 map Reclassification 16 regions and two

alternatives (32 maps)

VEG PHYSLAND Simplification

WSHD-# WATER-0 source Simplification 34, 2" and 1% order

map drainage divides
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