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Appendix 1 Climate data—Kananaskis summer 2003

7.2 20

152 22898. 56 T 0 67

153 18754.63 3.9 17.1 11.1 69. 7
154 29913.71 0.7 17.3 0 43. 4
155 28151.37 1.3 20.5 0 45

156 14764.03 6.5 17.9 0 56. 8
157 28302.11 -0.8 17.2 0 59. 7
158 26281.03 0.4 25.4 0 h4.4
159 6386.098 7.1 17.1 9.1 80. 6
160 14142.62 7.5 16 1 86

161 9232.409 7.1 14.5 5.9 92.9
162 27168.55 2.5 17.9 0.2 70. 8
163 23004.01 1.2 20.7 0.1 62.5
164 13569. 4 4.2 19.7 0 56. 3
165 16253.38 4.7 18.2 0 40. 8
166 18962.13 0.4 19 0 53

167 28510. 6 -0.2 23.7 0 49.5
168 26706.33 1.6 24.5 0 54. 6
169 26278.08 6.8 29.9 0 50. 4
170 8648.917 10.1 15.7 5.1 80. 8
171 16497.26 7.1 17.9 5.9 76.2
172 13306.99 3.1 14. 8 25 82.6
173 13788.34 0.9 11.6 0.3 86. 3
174 11056.68 3.5 11 3.8 87.1
175 22268.69 0.4 16. 1 1.1 74.2
176 28421.68 2 21.2 0 57.3
177 28620.54 9.6 22.2 0 40. 8
178 29352.41 7 22.9 0 50. 7
179 28965.18 3.5 24.6 0 57. 4
180 28909.22 3 28.4 0 49

181 29740.53 6 25.3 0 41.9
182 29878.32 4.4 22.9 0 30. 2

Appendix 1 (a) July 2003 climate date observed at Kananaskis Meteorological Station.
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183 25368.43 5.9 16. 7 1.2 33.6
184 27922.65 10.5 19.2 0 29.2
185 22729.24 8.8 22.8 0 32. 4
186 9933. 167 2.7 15.8 14.2 77.1
187 26403.73 0.5 19.1 0 69. 1
188 21370.45 3.9 21.9 0 62. 1
189 17392.42 5.1 22.8 1.4 66. 6
190 11806.46 5 18.3 0 56. 3
191 29944.77 1.5 24.3 0 62

192 24567. 4 5.9 27.9 0 49.2
193 22422.21 7.4 28.1 1.2 43

194 18361.71 8.5 24.5 0 50.3
195 22092.96 6.7 21.2 0.1 46.9
196 25689. 3 3.9 25.5 0 45.1
197 26660. 2 5.4 28. 8 0 44. 3
198 29895.91 1.7 26.3 0 18. 2
199 29077.21 1.7 29 0 34.3
200 26839.42 5.1 26. 2 0 54.2
201 24312.82 6.9 29. 4 0 52.3
202 28670.74 6.5 30. 1 0 47. 8
203 27869.04 7.2 32.2 0 38.1
204 25969.05 7.6 32.4 0 36.2
205 15280.58 9.7 22.2 1 69. 6
206 18703.97 8.2 20.7 2 75.9
207 20367. 1 4.1 26. 1 0 56. 3
208 27229.45 4.7 29.8 0 42.9
209 23701.76 8 30. 2 0 46. 4
210 26846.78 8.7 28.5 0 54.5
211 22187.75 1.3 30.5 0 52.5
212 19739.61 7.7 28 0 43.5
213 24145. 1 9.9 31.4 0 38.9

Appendix 1 (b) August 2003 climate date observed at Kananaskis Meteorological Station.
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Appendix 1 (c) September 2003 climate date observed at Kananaskis Meteorological Station.
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Appendix 2 C code for climate data extrapolation
[k sk skok ok ok ok ok ok sk ok stk sk ok ok sk ok ok sk sk stk sk skok sk ok ook ki okok sk kol sk sksksk skl ok oo sk sk sk ko ok kR Rk Rk skok ok ok

Subroutine readclimate.ccp run in the BEPS model

Description:
Extrapolate climate date observed in a climate station to landscape scale

using topographic information and empirical equations
sk sk ok ok ok 3k ok ok ok sk ok sk sk sk ok ok ok sk ok ok ok 3 oK sk sk sk ok ok sk ok oK ok 3k o ok ok sk 3k ok sk sk ok ok sk ok sk sk sk ok sk ok sk ok ok sk sk ok ok ok sk ok ok sk s ok oK sk sk ok ok ok sk ok ok

Written by:  Shiyong XU
February 2005

sk sk ok ok sk ok stk skl stttk kRt ok o skt sk sk ok sk ok sk sk ko sl s skl ok sk sk ok sk ok ke ks sk ok kR ok R sk ok ok kR Kok

#include <stdio.h>

#include <stdlib.h>

#define tmax_Ir -7 /* lapse rate for maximum temperature */

#define tmin_lIr -3 /* lapse rate for minimum temperature */

#define base el 1393 /* base elevation for climate station */

#define deg 0.01745329 /* converting coefticient for radian */

#define Pl acos(-1.0) /* value for PI1 */

double rad(double, double,double, float,float); /*subroutine for calculating radiation */

double dayl(double, double) /*subroutine for calculating day length */

void readclim(lin,jday,climate,rcode) /*subroutine used by BEPS for climate data extrapolation */

int lin; /* Line number */

int jday; /* Julian Day */

double **climate; /* Climate data for a line in the study area */
int short *rcode;

{

int i,j,k,day[365],ptr;

FILE *f1,*£2,*{3,*f4,*fjun,*fjul, *faug;

float radi,tmin,tmax,precip,humi;

float t max[365],t min[365],pre[365],rad[365],hum[365];
double denom,tat,output;

float t_avg,vpd,es,em;

float dif_Ir,f;

float 10,11,12,d,e,t,t0,t1,t2,t3,t4,t5,t6,t7,r0,r1,r2,r3,r4,r5,r6;
float sun_c=1.95;

short *dem,;

float *aspect,*slope,*f6,*{7,*{3;

10=lat;

aspect=(float *) malloc(npixels*sizeof{(float));
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dem=(short *) malloc(npixels*sizeof(short));
slope=(float *) malloc(npixels*sizeof(float));
fo=(float *) malloc(npixels*sizeof(float));
f7=(float *) malloc(npixels*sizeof(float));
f8=(float *) malloc(npixels*sizeof{(float));

if((f1=fopen("c:/bepsinputkan/dem","rb"))==NULL)

{
printf("\n Unable to open file <%s>, exitting program ...\n\n","dem.bil");
return 0;
}
if((f2=fopen("c:/bepsinputkan/slope","rb"))==NULL)
{

printf("\n Unable to open file <%s>, exitting program ...\n\n","slope.bil");

return 0;

1
J

if((f3=fopen("c:/bepsinputkan/aspect","rb"))==NULL)
{

"non

printf("\n Unable to open file <%s>, exitting program ...\n\n","aspect.bil");

return 0;

}
if((fA=fopen("c:/bepsinputkan/climate_daily.txt","r"))==NULL)

{

printf("\n Unable to open file <%s>, exitting program ...\n\n","daily.txt");

return 0;
)
if((fjun=fopen("c:/bepsinputkan/jun","rb"))==NULL)
{
printf("\n Unable to open file <%s>, exitting program ...\n\n","jun");
return 0;
)
if((fjul=fopen("c:/bepsinputkan/jul","rb"))==NULL)
{
printf("\n Unable to open file <%s>, exitting program ...\n\n","jul");
return 0;
}
if((faug=fopen("c:/bepsinputkan/aug","rb"))==NULL)
{
printf("\n Unable to open file <%s>, exitting program ...\n\n","aug");
return 0;
}
for (k=0;k<365;k++)
{
day[k]=0;
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t max[k]=0.0,

t min[k]=0.0;

pre[k]=rad[k]=hum[k]=0.0;

}

for j=jday_start;j<=jday end;j++)

{

fscanf(f4,"%d% %% %% \n" ,&(day[j]),&(rad[j]),&(t_min[j]),&(t_max[j]),&(pre[j]),&(hum[j]))

)

}
ptr=lin*NPIX CAN + pix_offset;
fseek(f1,ptr*2,0);
fread(&dem[0],sizeof(unsigned short),npixels,f1);
fseek(f2,ptr*4,0);
fread(&slope[0],sizeof(float),npixels,2);
fseek(f3,ptr*4,0);
fread(&aspect[0],sizeof(float),npixels,{3);
fseek(fjun,ptr*4,0);
fread(&f6[0],sizeof(float),npixels,fjun);
fseek(fjul,ptr*4,0);
fread(&f7[0],sizeof(float),npixels,fjul);
fseek(faug,ptr*4,0);
fread(&f8[0],sizeof(float),npixels,faug);
for (k=0;k<npixels;k++)
{

/* calculate radiation */

/* latitute of equivalent slope */
11=asin(cos(slope[k]*deg)*sin(lat*deg)+sin(slope[k]*deg)*cos(lat*deg)*cos(aspect[k]*deg));
denom=(cos(slope[k]*deg)*cos(lat*deg))-(sin(slope[k]*deg)*sin(lat*deg)*cos(aspect[k]*deg));
if (denom == 0) {

denom=.0000000001;
}
/* time offset in hour angle between actual and equivalent slope */
12=atan((sin(slope[k]*deg)*sin(aspect[k]*deg))/denom);
if (denom <0) {
12=12+PI;
}
/* declination of sun */
d=asin(.39785*sin(4.8690+(.0172*day[jday])+(.03345*sin(6.2241+.0172*day[jday]))));
/* radius vector of sun */
e=1.0-0.0167*cos((day[jday]-3)*0.0167);
r1=60*sun_c/(e*e); /* solar constant for 60 minutes */
t=dayl(11,d); /* temporary variable,hour angle of sunset */
t7=t-12; /* hour angle of sunset on equivalent slope */

t6=-t-12; /* hour angle of sunrise on equivalent slope */
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t1=dayl(10*deg,d); /* hour angle of sunrset on horizontal surface */
t0=-t1; /* hour angle of sunrise on horizontal surface */
t2=t0; /* hour angle of sunset on equivalent slope */
if (t6 >t0) {

t2=t6;

}

t3=tl;

if (17 < tl) {

t3=t7,

!

if (13<t2) {

t3=t2;

}

t6=t6+2.0*PI;

if (t6 >=t1) {

t7=t7-2.0*PI,

if (t7<=t0) {

rd=r1*rad(11,12, d, t2, t3);

r3=r1*rad(10*deg,0.0, d, t0, t1);

if (r3!1=0) {

f=rd/r3;

}

}

i

r5=fabs(f)*rad[jday];
radi=r5/cos(slope[k]*deg);

/*  calculate temperature */
dif Ir=(dem[k]-base_el)/1000.0;
tmax=t_max[jday]+dif Ir*tmax_lr;
tmin=t_min[jday]+dif Ir¥tmin_Ir;
if (tmin>=tmax)

tmin=tmax-0.5;

/* calculate humidity */
t_avg=0.606*tmax+0.394*tmin;
es=610.78*exp(17.269*t_avg/(237.3+t_avg));
em=610.78*exp(17.269*tmin/(237.3+tmin));
humi=em/es*100;
/* convert realative humidity(%) to specific humidity(g/kg) */
if(t_avg<=10) {

humi=0.0941*humi+0.0006;}
if(t avg>10 && t_avg<=15) {
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humi=0.1286*humi;}
if(t_avg>15 && t_avg<=20) {
humi=0.1733*humi-0.0003;}
if(t_ avg>20 && t_avg<=25) {
humi=0.2316*humi-0.0086;}
if(t_avg>25) {
humi=0.3043*humi+0.0006;}

/*  calculate precipitation */

if(jday>=152 && jday<=181) {
precip=pre[jday]*fo[k];}

if(jday>=182 && jday<=212) {
precip=pre[jday]*{7[k];}

if(jday>=212 && jday<=243) {
precip=pre[jday]*f8[k];}

climate[k][0]=radi;
climatefk]}[1]=tmin;
climate[k][2]=tmax;
climate[k][3]=precip;
climate[k][4]=humi;

} // end of pixel
free(dem);
free(slope);
free(aspect);
fclose(fl);
fclose(f2);
fclose(f3);
fclose(f4);
fclose(fjun);
fclose(fjul);
fclose(faug);
|
/* calculate potential radiation */
double rad(double equivlat, double along,double D, float timeA,float timeB ) {
double output=0;
output=(sin(D)*sin(equivlat)*(timeB-timeA)*3.82)+(cos(D)*cos(equivla)*
(sin(timeB+along)-sin(timeA+along))*3.82);

return output; }

/* Requires latitude input in radians, caculate sun rise and sunset times*/
double dayl(double inlat, double declin) {
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double tat;
tat=tan(inlat)*tan(declin);
if (tat <-1.0) {

return 0.0;

}

if (tat>1.0) {

tat=1.0;

H

return acos(-tat);

}
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