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Appendix 1 Climate data—Kananaskis summer 2003 

152 22898.56 7.2 20.7 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 54.4 

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 27158.55 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 2.1 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 3.9 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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Minimum Maximum _, . . . Relative 
Precipitation 

temperature temperature , Humidity 
" (0-) ( m m ) 
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23701.76 

26846. 78 

22187.75 

19739.61 

24145.1 

5.9 

10.5 

8.8 

2.7 

0.5 

3.9 

5.1 

5 

1.5 

5.9 

7.4 

8.5 

6.7 

3.9 

5.4 

7.7 

1.7 

5. 1 

6.9 

6.5 

7.2 

7.6 

9.7 

8.2 

4. 1 

4.7 

8 

8.7 

7.3 

7.7 

9.9 

16. 7 

19.2 

22.8 

15.8 

19. 1 

21.9 

22.8 

18.3 

24.3 

27.9 

28. 1 

24.5 

21.2 

25.5 

28.8 

26.3 

29 

26.2 

29.4 

30. 1 

32.2 

32.4 

22.2 

20.7 

26. 1 

29.8 

30.2 

28.5 

30.5 

28 

31.4 

1.2 

0 

0 

14.2 

0 

0 

1.4 

0 

0 

0 

1.2 

0 

0. 1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

2 

0 

0 

0 

0 

0 

0 

0 

33.6 

29.2 

32.4 

77. 1 

69. 1 

62. 1 

66.6 

56.3 

62 

49.2 

43 

50.3 

46.9 

45. 1 

44.3 

18.2 

34.3 

54.2 

52.3 

47.8 

38.1 

36.2 

69.6 

75.9 
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Appendix 1 (b) August 2003 climate date observed at Kananaskis Meteorological Station. 
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P Radiation temperature temperature , Humidity 
i m m 1 

(kjm- O (0 C ) U i m ) (%) 
214 18844. 16 10.4 28. 2 0 49.8 
215 19046.8 9.3 26 0 64 
216 15917.32 11.1 23.4 0.6 64.3 
217 26377.2 7.2 29.1 0.1 61.2 
218 18998.88 9.7 26.5 0 49.8 
219 18029.94 6.1 25.2 0 61.8 
220 17510.7 5.9 22.8 0 69 
221 16804.93 6.3 27. 1 0 69. 2 
222 15379.91 8.6 24.4 0 64.9 
223 18053.81 7.9 25.8 0 71.2 
224 3985.56 0 26.5 24.9 60.7 
225 24521.04 5.6 26.3 0 35.5 
226 23652.36 5.5 26.9 0 30.7 
227 21220.92 1.2 33 0 36.6 
228 10960.92 15.7 28.2 0 46.4 
229 17910. 72 12. 1 27. 6 0 55. 7 
230 23289. 12 9.9 30. 1 0 35.4 
231 15565.91 8.6 24.9 5 65.6 
232 19968.3 8.5 24.5 0 60.6 
233 21190.18 5 28.6 0 51.9 
234 12015.03 7.8 27 0 51.4 
235 15421.37 6.7 19.3 0 36.8 
236 20383.04 1.3 22.1 0 55.7 
237 18466.77 4.6 24.5 0 44.9 
238 18515.44 4.6 27.5 0 50.7 
239 7376.713 5.8 29.9 14.6 77.4 
240 10284.97 4.7 14.6 0.5 90 
241 20994.84 0.8 22.2 0 67.6 
242 20980.22 1.5 26 0 59.6 
243 19474. 19 3.6 27. 3 0 53.8 

Appendix 1 (c) September 2003 climate date observed at Kananaskis Meteorological Station. 
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Appendix 2 C code for climate data extrapolation 

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 

Written by: Shiyong XU 

February 2005 

#include <stdio.h> 

#include <stdlib.h> 

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

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

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

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

#define PI acos(-l.O) /* value for PI */ 

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 */ 

intjday; /* Julian Day */ 

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

int short *rcode; 

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

FILE *fl ,*f2,*f3,*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 lr,f; 

float 10,ll,12,d,e,t,t0,tl,t2,t3,t4,t5,t6,t7,r0,rl,r2,r3,r4,r5,r6; 

float sun_c=1.95; 

short *dem; 

float *aspect,*slope,*f6,*f7,*f8; 

10=lat; 

aspect=(float *) malloc(npixels*sizeof(float)); 
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dem=(short *) malloc(npixels*sizeof(short)); 

slope=(float *) malloc(npixels*sizeof(float)); 

f6=(float *) malloc(npixels*sizeof(float)); 

f7=(float *) malloc(npixels*sizeof(float)); 

f8=(float *) malloc(npixels*sizeof(float)); 

if((fl=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; 
i 
i 

if((0=fopen("c:/bepsinputkan/aspect","rb"))==NULL) 

{ 

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

return 0; 

} 
if((f4=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^epsinputkan/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%f%f%f%f%An",&(dayO]),&(rad[j]),&(t_min[j]),&(t_max[j]),&(pre[j]),&(hum|j])) 

} 
ptr=lin*NPIX_CAN + pixoffset; 

fseek(fl,ptr*2,0); 

fread(&dem[0],sizeof(unsigned short),npixels,fl); 

fseek(f2,ptr*4,0); 

fread(&slope[0],sizeof(float),npixels,f2); 

fseek(O,ptr*4,0); 

fread(&aspect[0],sizeof(float),npixels,f3); 

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 */ 

ll=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); 

rl=60*sun_c/(e*e); /* solar constant for 60 minutes */ 

t=dayl(l 1 ,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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tl=dayl(10*deg,d); /* hour angle of sunrset on horizontal surface */ 

tO=-tl; /* hour angle of sunrise on horizontal surface */ 

t2=t0; /* hour angle of sunset on equivalent slope */ 

if(t6>t0) { 

t2=t6; 

} 
t3=tl; 

i f ( t7< t l ) { 

t3=t7; 

} 

if(t3<t2) { 

t3=t2; 

} 
t6=t6+2.0*PI; 

i f ( t6>=t l ) { 

t7=t7-2.0*PI; 

if(t7<=t0) { 

r4=rl*rad(ll,12,d, t2, t3); 

r3=rl *rad(10*deg,0.0, d, tO, tl); 

if(r3 !=0) { 

f=r4/r3; 

! 

! 

} 

r5=fabs(f)*rad[jday]; 

radi=r5/cos(slope[k]*deg); 

/* calculate temperature */ 

dif_Ir=(dem[k]-base el)/l 000.0; 

tmax=t_max[jday]+dif lr*tmax_lr; 

tmin=t_min[jday]+dif_lr*tmin_lr; 

if (tmin>=tmax) 

tmin=tmax-0.5; 

/* calculate humidity */ 

t_avg=0.606*tmax+0.394*tmin; 

es=610.78*exp(l 7.269*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) { 

115 



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]*f6[k];} 

if(jday>=182 &&jday<=212) { 

precip=pre[jday]*f7[k];} 

if(jday>=212&&jday<=243) { 

precip=pre[jday]*f8[k];} 

climate[k][0]=radi; 

climate[k][l ]=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(O); 

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(equivlat)* 

(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; 

} 
return acos(-tat); 

} 
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