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This report describes a portion of the Desert Biome Water 
Response Ecosystem Model. Five Research Memoranda 
co,nprise the full description: Introduction and support 
programs (RM 76-36); Abiotic submodels (RM 76-37); 
Animal submode! (HM 76-38); Perennial plant, nitrogen 
and decomposition submodels (RM 76-39); and Annual 
plant submode! (RM 76-40). The objectives of the \Vatcr 
Response Model, information on the arrangement of 
material distributed among the fi\'e Research Memoranda 
and descriptions of program MAil\ and support programs 
Fl, F3 and FTA VE are contained in Research 
Memorandum 76-36, Programming phase of water response 
ecosystem model: I. Introduction and support programs. 
The relationships het\\"cen ,-arious <;cctions of the model. 
their interactions and location in the report series arc 
suminarii':ed in Tabk 1 of R\.-1 76-36. 



INTRODUCTION 

This research memorandum describes submodels PSWG, 
HEAT and WATER (and their support programs) of the 
Desert Biome Water Response Model. These submodels 
provide environmental (or driving) variables to the plant, 
animal and soil-microbe submodels. PSWG (for Pseudo 
Stochastic Weather Generator) provides meteorological 
variables (air temperature, precipitation, plus several 

13 Modeling 

others). HEAT calculates soil temperature profile, given soil 
heat flow characteristics and air temperature. WATER 
determines soil water potential profile given initial 
conditions, soil moisture flow characteristics and several 
water inputs and outputs (precipitation, evaporation, 
transpiration, runon-runoff). Transpiration, through its 
effect on soil water potential, is the only biological effect on 
any of the ten or so environmental variables determined in 
these submodels. 
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A.PSWG 
(including support programs EV AP, RINT, 

!PROB, RNOR) 

K. A. Marshall and P. W. Lommen 

GENERAL DESCRIPTION OF PSWG SUBMODEL 

PSWG is a submodel which generates driving variables 
for the Water Response Model. (The name PSWG is 
generated from Pseudo Stochastic Weather Generator). 

These variables are maximum, minimum and mean 
time-step air temperature at 2 m; precipitation and its 
intensity for the time-step; potential evaporation for the 
time-step; and mean values for the time-step of relative 
humidity, wind speed, fraction of possible sunlight and 
photoperiod. 

validation runs where driving variables must correspond to 
the weather of a given year or years, daily temperature and 
precipitation records for the site are used. The remaining 
driving variables are chosen stochastically· because daily 
records for the site are either not available at all or are not 
complete enough. Variables are stochastically chosen with 
the aid of random numbers and parameters generated from 
six years' data of the variable in question obtained from the 
United States Weather Bureau at the nearest complete 
weather station to our site. For Curlew Valley simulation, 
data from Pocatello, Idaho, were used. For Rock Valley 
simulations, Las Vegas, Nevada, data were used. Refer to 
Table AM I for definitions of variables for both versions of 
PSWG. Definitions will also be found in the complete 
program listings at the end of this section. 

For any run, one of two versions is used depending on 
data availability. Version ( is used for debugging, tuning 
and validation runs. For debugging runs, all driving 
variables are stochastically generated. For tuning and 

Version II of PSWG is used for five-year (or longer) 
simulations. It generates nothing stochastically. Instead, it 
reads temperature, pi;-ecipitation, wind speed, fraction of 
possible sunlight and relative humidity data from a weather 
data file. (For five~year Curlew Valley runs, data were used 
from the U.S. Weather Bureau station at Pocatello.) 

Table A-1. Variable dictionary for PSWG, Versions I and II 

AMT(&) AMT(I) IS AMOUNT OF PRECIPITATlON IN MM IN EVENT 
CLASS lo 

DECL ANGLE CALCULATED IN PHOTOPERXOO CALCULATION, 

EvAP SUBROUTINf WHICH CAkCULATES POTENTIAL [VAPORATION8 

FACTOR PRECIPITATION FACTOR SY NHICH·EACH EVENT 18 
~LIL TIPLll!'.O, 

HLIM(10,13) INTEGRATED PR08ABlLlTY OI8TRI6UTION or RELATIVE 
HUMIDITY CLASS BV PERIOD OF VEAR0 

IPROB FUNCTION WHICH DET~RMlNE8 O!PENO~NT VARIABLE GIVEN 
INTEGRAT!D PROBASlLlTV 018TRl6UTlON, BY RANDOMLY 
CHOOSING IND[PENDENT VARIABLE iN RANGE 0°10 

ISEED SEED FROM ~HICH RNOR GENERATES NEXT RANDOM NUM0fR9 

lY£ST !QUAL8 1 IF THERE NAS NO PRECIPITATION VE8TEROAY, IF 
EQUALS 2 THEN THE~E ~AS PRECXPITAT!ON YE8TEAOAV ANO 
PR08ASILITY Of PRECXPlTAYlON TODAV 18 !NCREAS!O, 

J CLABS INDEX, USED IN PREClP, HIND, SUN, HUM OEN[RATION, 

JDAY JU~!AN DATE ~y BEGXNNXNG OF TtMEDTfP, 

LAT LATITUDE OP SITE, 

~OAY CUARENT JULIAN DAY (INCRE~ENTEO JN PSriG FROM 
JOAV TO JOAY~PMDT)0 

MTIME INDEX OF 4 WEEK PERIOD OF YEAR IN wHiCM MDAY FALLS. 

NNN COUNTER TO DETERMINE ~HEN TO STAAT PRINTING ON 
NExT PAGE 1 

PMOT TlMESTEP LENGTH, DAYS, 

PRECC6,l3) INTEGRATED PROBABILITY OISTRXBUTlON OF PRECIPITATION 
CLASS BY PERIOD OF YEAR0 

PRECIP PRECIPITATION FOR CURRENT DAV, MM• 

PMJOAT JULIAN DATE AT BEGINNING OF TIME8TEP. VALUE 
DETERMINED IN MAIN PROGRAM, 

PwFAC FACTOR FOR ADJUSTING AVERAGE wIND SPEED IF 8lTE IS 
KNOWN TO HAVE DIFFERENT AVERAGE ulND SPEEO, 

RAINC2,1l) ARRAY HOLDING VALUES OF {lp O PROSABllITY or PRECIP, 
TODAY) GIVEN PERIOD OF YEAR AND WHETHER OR NOT WE HAD 
PRECIP0 YESYERDAY, 
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Table A_-1, continued 

RCH£CK(20) VARIABLE USED TO RfAO ANO WRITE COMMENTS IN WITH 
INITIAL DUA, 

READ IF •,TRU£, THEN READ TEMPERATURE PRECIPITATION DATA 
FROM SEPARATE DATA FILE, 

RINT SUBROUTINE WHICH CALCULATES PRECIPITATION INTENSITY, 

RNOR RANDOM NORMAL NUMBER GENERATOR (b8l Of VALUES LIE 
8fTW£!N •1 ANO +1) 1 

SHUM RUNNING SUM OF UP TO PMDT DAY81 RELATIVE HUMIDITY, 

SMAX RUNNING SUM OF UP TO PMOT OAYS1 MAXIMUM TEMPERATURES, 
0£(1REE:8 Ce:LCIUS, 

SHIN RUNNING SUM OF UP TO PMOT OAY81 MINIMUM TEMPERATURES, 
0£GREE8 C!LCIUS, 

SPREC RUNNING SUM OF UP TO PMOT DAY81 PRECIPITATION!VENT8,MM, 

SSUN RUNNING SUM OF UP TO PMOT 0AY81 PER CENT POSSIBLE 
SUNLIGHT 

8UN(10,1J) INTEGRATED PR08ASILITY Ol8TRIBUTION OF PER CENT 
~08818LE SUNLIGHT CLASS BY PERIOO o, Y!AR, 

SWINO RUNNING SUM o, UP TO PMOT 0AY81 AV!RAGE WINO SPE!OS, 
KM/HR, 

TMAX MAXIMUM T!~P!RATUR! FOR CURRENT DAY, D!GR!!8 CfLClU8, 

THIN MINIMUM T!HP!RATUR! FOR CURRENT DAV, D!GR!!S C!LCIUI• 

TRAlN{iO) ARRAY WHICH HOLDS DAILY PR!ClP VALUll FOR TIM!STEP 
{USED BY RAIN INTENSITY ROUTINE), 

wtN0{7,tJ) INTEGRATED PROBABILITY 018TRIBUTION OF WIND SP!fO CLAIS 
8Y PERIOD OF VEAR, 

XHAX(1),XHAX(il PARAM!T!RS FOR SIN! WAV! FIT TO IIV!RAL Y!AR81 
DAILY MAXIMUM T!MP!RATUR£8, TAK!N AT NIAR!IT W!ATHIR 
BUREAU SITE, 

XMAX(J) STANDARD O!VIATION OF DATA ASOUT IIN! WAVE FIT UIING 
XMAX(1) AND XHAX(J), 

XMIN{t),XMIN(l) PARAMETERS FOR LINEAR R!GR!88ION 9!Tw![N 
TMAX AND THIN. 

XMINC1) 

ZAIRT 

ZE8UM 

Z!VAP 

ZPHPD 

ZRAlN 

ZRINT 

ZR!UM 

ZSUN 

ZTHIN 

zwINO 

STANDARD OEvlATlON OF THIN, 

AVERAG£ DAILY AIR T!MP!RATUR! FOR TIME8TEP, otaRrra 
CELCIU81 ORIVINa VARIABLE U8!0 BY OTHER SU8MOD!L81 

SUH FROM OCTOBER 1 OF Z!VAP, MM, 

POTENTIAL EVAPORATION, MM/TIM!8TE~, 
DRIVING" VARIABLE USED ev OTHER 8UlH100ns. 

PMOTOPERIOO OF ,IR8T DAY IN T%H[8t[P, HOURS, DRIVI~G 
VARIAdLE uaeo BY OTHER SUBMODELS. 

TOTAL PRECIPITATION FOR TIME8TEP, MM, DRIVING VARIABLE 
USED av OTHER SUBHODELS. 

AVERAGE OAILV RELATIVE HUMIDITY, DECIMAL ,RACTION ,ROM 
0•1, DRIVING VARIABLE USED BV OTHER SUBMOO!L9• 

PRECIPITATION INTENSITY, MM/HR, DRIVING VAR!A9LE USED 
BV OTHER 8UBM00£LS, 

SUH FROM OCTOBER 1 OF ZRAIN, MM, 

AVERAGE DAILY PER CENT POSSI8LE SUNLIGHT FOR TIM!8T!P, 
DECIMAL FRACTION ,ROM O•I, DRIVING VARIABLE USED 
By OTHER 8U8MOOEL81 

AVERAGE OAILV MAXIMUM TEMPERATURE ,oR TIMEST!P, 
0CGHEE8 CELCIU81 DRIVING VARIABLE USED BY OTHER 
8UBMOQE.LS1 

AVERAGE DAILY MINIMUM TfHP!RATURE FOR TIME8T!P, 
D~GREES CELCIU3, DRIVING VARIABLE USED av OTHER 
SUBMOOELS, 

AVERAGE OAILV WINO SPEED FOR TIMESTEP, 
VARl•BLf USfO 8Y OTHER SU8MOOEL8, 

DRIVING 



DO 3 1 ■ 1,PMDT 

MTIME■MDAY /28♦ l 
I~ (MTIM! 0 GT0 13) MTlM! ■ ll 

lF(,NOT,REAO)G0T0100 
020 R!A0(8,25,ENO•SOO)TMAX,TMJN,PRfCIP 
025 FORHAT(Tx,2,o,1,30x,,o,1) 

GOT030 

500 RE.6.0 ■ ,,ALS!, 

GOTOIOO 
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PROGRAM DESCRIPTION 

PSWG, VERSION I 

Modeling 

Only the important segments of the FORTRAN code are 
shown and described. Sequence numbers are shown to aid 
in reference to the full code listing which follows the Pro
gram Description. All comment cards, specification state
ments and bookkeeping sections have also been deleted. 
Definitions of variable names may he found in Table A-1, 
which also appears at the beginning of the program listing. 

PSGl 183 

Beginning of main loop in program. Go through loop 
once for each day of time-step in order to get daily weather 
information for appropriate average or summed value. 

PSG1 184 
PS!i I 165 

Determine MTJME, index of four-week period of year in 
which MDAY, current Julian day, falls. 

PSG1 18q 
PSGl 1 qo 
PSGt 191 
PSGt 1<12 

If flag is set (i.e., if READ is .TRUE.) then read 
temperature and precipitation data from separate weather 
file. Then check if data are reasonable. 

PSG1 19U 

PSGl l(H 

If control reaches here then all data have been read and 
remainder of temperatures and precipitation amounts will 
be generated stochastically. 

IF(TMAX,LT,TMIN),OT040 
IF{(fMAX,LT,•lO,},oR,(TMAX,GT,45,))GoTOUO 
lFCCTMlN,LT,•30 1 ),0R 1 (TMIN1 GT,45,))GOTOUO 
IF{{{PRECIP,LT,50 1 ),ANO,(PRECIP,GE,O,O)),OR,(PRECIP,GT,5000,)) 

PSC.l 202 
PSG! 20.5 
PSGt 204 
PSGt 20~ 
PSG I 206 * GOTOOO 

040 ~RITf(b,50)PHJOAT,TMAX,TM1N,PR!CIP 
050 FORMAT(' 1 ,I5,3Ft2,5) 

STOP 

Check data just read and see if they are reasonable. 

PSGt ,no 
PSGt 211 
PSGI 212 

We reach here only if a datum was judged unreasonable. 
Write offending card and stop execution. 
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060 CONTJNU! 
8MAX ■ SMAX+TMAX 

SMlN ■ SMJN+TMlN 
SPREt•SPR!C+PRECIP 
TRAINCI) ■PR!CIP 

GOTOZ 

100 CONTINUE 
TMAX • XMAX(l) 

C •t 0 570Hb) 
001 TMAX • TMAX ♦ XMAX(l)•RNOR(l9EED) 

TMIN■ XMIN(l) ♦ XMlN(2l•TMAX 

TMIN•TMIN ♦ XMIN(J)•RNOR(ISEED) 
IF CTMIN 1 c,T • TMAX) GO TO 1 
SMAX•SMU ♦ TMAX 

SMIN•SMIN+T!illN 

lYEST•IPROij(RAINCIYEST,MTIME),I) 
JFCJYEST .NE, 2) TRAJN(J)•0 1 0 
IF (!YEST ,NE 0 2) GO TO ,2 
J•IPROB(PREC(t,MTtME),5) 
SPREt•SPREC ♦ AMT(J) 
TRUN(l)dMT(J) 

ooi J•IPROB(wIND(l,~TIMEl,7) 
S~IND•!WlNO ♦ (J•1)*8,0~ 

J•lPROB(SUN(l,MTIME),10) 
SSUN•SSUN ♦ (J•l)*0,1 
J•IPR06CHUM(l,MTIME),10) 
SHUM•!HUM ♦ (J•tl•Ool 
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PSG1 115 
PSGl llb 
PSGl 217 
PSGt 218 
PSGl 220 
PSGt 221 

Keep running sums over PMDT of temperature and 
precipitation information. Also load appropriate place in 
TRAIN array for rain intensity calculation. Go on to wind 
speed section. 

PSGt 2:2!:i 
PSG1 2H 
PSGt 235 
PSGi 237 
PSG1 238 
P!Gt 2JQ 
PSG1 240 
PSG1 '241 
PSGt 242 

Control reaches here if we wish to stochastically generate 
the current day's temperatures. First, calculate the mean 
maximum temperature for the day. Next, generate the day's 
minimum temperature from the maximum. Next, make 
sure the minimum is less than or equal to the maximum. 
Finally, add these temperatures to the sums of temperatures 
for previous days of the time-step. 

PSG! 2111> 
PSG1 .2117 
PSGt 21.11'\ 
PSG1 2119 
PSG! lSO 
PSG! 2Sl 

Stochastically generate the day's precipitation. First 
determine IYEST for current day which depends on 
previous day's value. (If previous value was 2 rather than 1, 
then probability of !YEST = 2 today is considerably 
increased.) If IYEST = 1, then there is no precipitation 
today and control goes to wind speed section. If IYEST = 2, 
then there is precipitation today and so the amount is then 
determined. Calculate J, the size class of the event, an 
integer from l to 6 which depends on time of year. Once size 
cla.~s is determined, the amount corresponding to this class is 
added to SPREC, and loaded in TRAIN(!). 

PSG! 25'1 
PSG! lSS 

Generate today's \Vind speed. First find J, the size class. 
Today's wind speed is then (J-1)·8.05 km/hr (8.05 km/hr 
= 5.00 mi/hr). Add this value to the time-step running total 
of wind speeds. 

PSGI 2S8 
P5Gt 25q 
PSG1 202 
PSG! 205 

Determine fraction of possible sunlight and relative 
humidity similarly to wind speed. Possible values taken on 
will be 0, 0.1, 0.2, , , . , 1.0. 



OOl MOAY•"IOA'r'+1 

X•1,/PMOT 
Zl"IAX•SMAXU 
ZTMJN ■ SMlNtrX 
ZWlNO ■ h'lNO•X 

ZWJNO ■ ZWlNO fr PWFAC 

ZSUN111SSUN*X 
ZRH ■ SHUHO: 
ZRAIN ■ SPRfC 
ZAlRT ■ (ZTMAX+ZTMIN)/2, 

D[C~•ARSIN(SlN(b,283185l•2l,~5/lb0,)tr 
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PSGt 2b
0

14 

The main loop of PSWG is ended by incrementing the 
Julian date. 

PSG1 i!bQ 
PSGt 270 
PSG1 271 
PSG1 272 

Determine time-step averages for maximum and mini
mum air temperatures and for wind speed. 

PSG1 276 

If site is known to have different average wind speed than 
measuring station, multiply wind speed just determined by 
this factor. 

PSC.1 ZH 
PSGl 260 
PSGt 281 
PSGt 262 

ZSUN, ZRH and ZAIRT are averages for the time-step. 
ZHAIN is the total time-step precipitation. 

C COS(MQO((PMJ0AT+1Ql,l,3b5,)*b,28l16SJ/lb5 1 )) 

X ■ (SINCLAT•0 0 28ll85lt360 1 )•T•NCDECL)•SIN(,875•&•28l1853/J60 0 ))/ 

?SG1 28';, 
PSGI 28& 
PSGt 287 
PSGI 288 C COS(L•T•6,28ll853/l60 1 ) 

IF (X ,GT. l,l X•l. 
1, (X ,LT, •l,) X••l, 
ZPHPD•120 ♦ 0 1333333•AR!IN(X)•l&0,/6,i!83185l 

CALL RINT(ZRINT, TRAIN, ZRAlN, PMOT, PMJDAT, JSfED) 
CALL fVAP 

ENTRY ZlNIT 

PSGI i!8q 
PSGl 290 
PSG! i!'ill 

Calculate ZPHPD, photoperiod, 
time-step. 

PS(i.1 2'il';, 

PSG I l00 

in hours, of first day of 

Determine rain intensity and potential evaporation. 

PSGl 306 

Change time-step precipitation if FACTOR is not equal to 
I. By changing FACTOR from one run to another, keeping 
all else the same, we determine the response of the entire 
model to changes in precipitation, a primary objective of the 
\Vater Hcsponse Model, as its name implies. 

PSGl 333 

Entry point for initialization purposes. Called from 
MAIN once. Variables peculiar to PSWG are then read and 
written, with comment cards at the beginning, middle and 
end. 
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CALL. f\llNIT 
CALL RI HUT 

00 l ht ,PMDT 

RfAOt8;30,fN~•500)TMAX,TMJN,PRfCtP,WIN0,PP9,RM 
30 '0RMAT(!Ox,2,5:o,F5.~,,5:1,2,~:2, 

TMAX~(TMiX•,2 0 )•0 0 555555 
TM!N•(TMTN•l?,)•0 1 ~5~555 
PRECTP•PRECT"'•?.5,U 
wJNO•wTNO•t,bnq3u 

JF(TMJN,GT,TMAX)GOTOUO 
!Ft(TMax;r.!,U2,l:o~,CTHtN,LT,•Ul;l~GOTOUO 
TFCCPRfC!P,GT,~0 1),0R,(PRfCIP,~T,0,0))~0TOUO 
r,ccwr~o.r.T,bO,),OR,(~!~O,LT,0,0))GOTOUO 
!F((PP~.Gr:1:0),nR:(PPl\,LT;n!o))GnTOUO 
T'((R~,LF,l,OO),tNn,(R~,Gf,O,O))GOT060 

un wRJT~(6,50)T~&x,,~1N,PRfr.ro,wJ~C.PPS,RM,PMJO•T 
50 FORMAT(' 1 ,7,10,ll 

~Tl'IP 

SM•i1•su,x+r~•x 
~Mf"l•,l>!fN ♦ TMTN 

SPPtr.•"PRft+PRfCfP 
,wrNoa,wJ"IO ♦ WJ"IO 

.~SUN•!t."U"l ♦ PP~ 

!I-IUM•5MU~ ♦ IH-l 

TR4JN(J)cPPfCJO 

20 

Pllil 4'\8 
PSG1 ,qq 

Call initialization sections of subroutines EVAP and 
RINT. 

PSWG, VERSION II 

Version II is much more simple than Version I. 

1'81';2 120 

Begin main loop. Go through loop once for each day of 
time-step. 

1'8G2 122 
lfSGl 123 

Head today's weather data. 

llSG2 1'\3 
P~G2 1'.\li 
PI\G2 1 '1 
P8G2 1 LIO 

Convert temperature, precipitation and wind speed to 
metric units. 

OSG2 I Ull 
osr.2 tu~ 
P8G2 106 
PSG2 tlJ.'T 
PI\G? !US 
OSG2 \ liq 
P9G2 t!i2 
1',9G2 1 1B 
•SGZ t IIJ:U 

Check if values just read are reasonable. If not, print 
offending card and stop. If reasonable, go on to summing 
section. 

PSG2 l'58 
PSG2 15q 
PSG2 iti,O 
PSG2 Hd 
PSG2 1#12 
PSG2 161 

Keep running surns of values for appropriate averages to 
be calculated below. 

PSG2 111,~ 

Load TRAIN(I) for use in rain intensity subroutine. 
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'\ CONTtNi!f P!JG2 t&ll 

End of main loop. 

Modeling 

From here on, Version II is the same as Version I, with 
one exception: the entry point of Version II is much simpler 
than that of Version I because all the parameters for 
stochastically generating variables are not read in. 

SUBROUTINE EVAP 

EVAP calculates potential evaporation from soil surface 
in millimeters, during a time~step. The Blaney-Criddle 
method is used and closely follows the aproach of Griffin et 
al. 1974. 

Refer to Table A-2 for definitions of variables used in this 
program. This table is also found in the complete program 
listing at the end of this section. 

Z!VAP•,1CZAIRT, ARRAY1, NPTS} fVAP OSb 

Here, ZEVAP is multiplying factor (;S !) depending on 
air temperature, which has been empirically determined. 

Table A-2. Variable dictionary for EV AP 

,, 81 C, Z TEMPORARY VARIABLES USED IN DAYLIGHT CALCULATION, 

ARRAY{5,2) PAIRS OF CATA POINTS FOR INTERPOLATION BY Fl IN 
CALCULATING BLANlY CRJOOLE 'ACTOR, 

cvvc:ov FRACTION OF SOIL SURFACE COVEREO BY ANNUAL ANO 
Pf~ENNlAL VEGETATION, 

DAL1Tl(lb5) ARRAY lNOfxEO ~y JULIAN CATE • GIV[8 NUMBER o, 
~INUTES OF DAYLIGHT ON THAT JULIAN OAT[, 

0LTFR{lb5) ARRAY JNOEXEO BY JULIAN OATE ANO IS FRACTION OF Y!AR!S 
DAYLIGHT WHJCH FALLS ON THAT JULIAN DAlf, 

" 
LAT 

NPTS 

PMDT 

PMJUAT 

FUNCTION ~HICH LINEARLY INTERPOLATES BfT~EEN PAIRS OF 
DATA POINTS TO DETfRMlNf DEPfNOfNT VARIABLE. 

LATfTUDE DF SITE, DEGREES, 

FLAG USEO ONLY IN CASE PMJDAT IS EVER ZERO• 

NUMBER OF PAIRS OF DATA POINTS ACTUALLY USED JN ARRAY, 

LENGTH OF TIMESTEP, DAYS, 

JULIAN DATE OF FIRST DAY OF TIMESTEP. 

RCHfCK(20) A~HAY USED TO RfAO ANO WRITE COMMENTS IN WITH 
PHTJAL DATA, 

ZEVAP 

MINUTES OF DAYLIGHT JN YEAR, 

AVERAGE TIMESTEP AIR TEMPERATURE, DEGREES CELCIUS, 

PDTENTlAL EVAPORATION ,oR TIMESTEP, MM, DRIVING 
YAHIA8LE USED BY OTHER SUSMODELS, 
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l'CPMJ0AT ,GT, 0) GO TO 610 
,MJOAT•l 
MM•l 

&'70 CONTINUE 

22 

EVAP OS1 
EVAP 0!58 
EVAP osq 
EVAP 060 

PMJDAT is used as a subscript in the next line. These lines 
simply set it equal to I in case it should ever be 0. 

ZEVAP•Z!VAP•(l,&•ZAIRT ♦ 3Z,)*OLT,R(PMJOAT)•(l,•CVVCOV)•2S,q•PMDT EVAP 063 

l'{MM 1 EQ1 0) GO TO 6&0 
PMJOAiT•O 
MM•O 

080 CONTINUE 

ENTRV EVlNIT 

00 650 I•l, l65 
A•7l0,•,21~*LiT ♦ ,007ql*CLiT**2) 
B•Jq,z.,1&•LAT+,l•CLiT••2) 
C•I 
Z•2,*l 1 1410•CCC+Z85,)/l65,) 
OALITE(J)~A+B•SJN{Z) 
TOTMlN~OALJTt(l)+TOTMJN 

650 CONTINUE. 

DO 6t,0 I•I, :S6':i 
0LTF~(ll•04Lllf.(J)/TOTMIN 

660 CQt,,TINUE 

This, in essence, is subroutine EVAP. The potential 
evaporation equals the empirical factor times the tempera
ture in degrees Fahrenheit, times the fraction of the year's 
daylight occurring today, times the fraction of uncovered 
soil surface, times 25.4 to change from inches to millimeters, 
times PMDT to change from one day to the value for the 
entire time-step. 

EVAP ooq 
Reset CVVCOV. It is calculated each time-step by one or 

hoth vegetation submodels. 

EVAP 065 
fVJ.P 066 
EVAP 007 
EVAP 008 

Set PMJDAT back to 0 if it was changed to l in lines 
57-60 above. 

EViP OH 

Entry poinl called once from PSWG to read initial data 
and do daylight calculations which need to be done only 
once. 

fVAP 108 
n,,-, lOQ 
fViP 110 
EViP 111 
f.V-.P 112 
EVAP 111l 
EViP 115 
El/i? 11& 

In this loop calculate the length of daylight in minutes for 
each day of the year at latitude LAT. Also calculate 
TOTMIN, the total minutes of daylight in a year. 

EVAP 119 
EVA? 120 
EVAP 121 

Calculate DLTFR, the fraction of daylight which occurs 
each day of the year. 
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SUBROUTINE RINT 

This program calculates ZRINT, precipitation intensity in 
mm/hr. ZRINT is used by WATER in determining rate of 
infiltration into soil. Intensity is important mainly if the rate 
of water arriving at the soil surface is greater than the 
infiltration rate. Under these conditions, runon or runoff 
could occur. 

Refer to Table A·-3 for definitions of variables used in this 
program. This table is also repeated in the complete 
program listing at the end of this section. 

RUH' 0'i'0 

Make one pass through this loop for each day of time-step. 

Table A-3. Variable dictionary for RINT 

A, 0 PARAMETERS IN HIGH lNTENB!TV CALCULATIONe 

ARAAY(lO) HOLDS UP TO S PAIRS OF DATA POINTS fOR INTERPOLATION 
av FUNCTION ~1 tN DEYERM!NING NORMAL INTENSITY. 

BA INTERMEDIATE VARIABLE lN HIGH INTENSITY CALCULATION0 

81 INTERMEDIATE VARIABLE IN HIGH INTENSITY CALCULATION. 

Fl FUNCTION WHICH LINEARLY INTERPOLATES BETWEEN NPTS PAIRS 
OP DATA POINTS• 

lSEEO INTEGER PROM ~HtCH RANDOM NUMBERS ARf GENERATED, 

N INDEX OF TI~E OF VEAH. IN ~IDDLE OF YEAR Nmt0 

OTHER TIMES OF VEAR ND2, 

NPT8 NUMBER or PAIRS or DATA POINTS IN NORMAL INTENSITY 
CALCUI.A1'ION0 

POAV1,PDAV2 0EGiNtUtiG ANO [NDING JUl.,lAN OAYl!:8 OF CENTRAL 
SEGMENT OP' VEAR, 

PMOT 

PMJOAT 

PTH 

F'A (2) 

• 

LENGTH or TIMESTEPP DAYS, 

JUI.IAN DATE OF BEGINNING OF TIME8TEPr 

PR£C1P AMOUNT A60V[ wHXCH HIGH INTENSITY CAN OCCUR 

COMPARED WITH R TO 8E£ lF HIGM INTfN81TY ACTUALLY 
OCCURRED0 

SfT EQUAL TO RANDOM NUMBER 

RCMECK(iO) ARRAY USEO ~OR READING ANO WRITING COMMENTS IN WITH 
lNlTlALIZATION OATA, 

TR TEMPORARY VARIABLE~ 

TRAINC20) DAILY PRECIPITATION AMOUNTS, MM9 ARRAY INDEXED SY 
DAY OF TIMl:.STEP 

X TODAVIS RAIN 

Y TODAYlS PRECIPITATION INTENSITY, MM/HR, 

Y8UM SUM OVER T!MESTEP OF DAILY PRECIP 1NYEN81TY T!MEB 
PRf.ClP AMOUNT, 

ZRA.IN TIME8TEP PRECIPTATlON,MM~ DRIVING VARIABLE USED BY 
~ATER SUBMODEL, 

RAI~ INTENSITY~ MM/HR, DRIVING VARIABLE USED BY 
WATER SUBMODEL, 
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X•U.UN(l) 

IF(X ,GT0 1,f•S) GO TO 100 
GO TO 5ll0 

100 lFCX .~T. PTH) GO TO 500 
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RINT 0-74' 

Get today's precipitation amount, x, from appropriate 
location in TRAIN, which was loaded in PSWG. 

RINT 071 
RlNT on 

If x ~ 1.0 x 10-s, this is considered precipitation so an 
intensity must be determined. Otherwise, go to end of 
loop. 

RINT oea 
If there is precipitation today but the amount is less than 

threshold value PTH, go to statement 500 and calculate 
normal intensity for this time of year. 

RURANDOM(lS~ED) RINT 085 
If we reach here, a high intensity is possible. Choose a 

random number uniformly distributed in interval 0 to 1. 

NBZ RlNT Qql 
IF(CPMJDAT 1 GE1 POAYI) ,ANO, (PMJDAT ,lt, P0AY2)) N•t RlNT 0,2 

lF(R .GT, PA(N}) GO TO 500 

150 TR ■ BA•(t,•R) 
I'(TR ,L!, t,!•tO) TR•l,!•10 
Y .. Bt •At.OG CTR) 
IF(Y .er. 2!,) Y•2S, 
Qo ro s20 

Determine which of two segments of year we're in, In 
central segment (summer, roughly) N = l. 

RINT 0,5 

If random number chosen above is greater than a 
threshold PA, which varies with segment of year, then go to 
section calculating normal intensity for this time of year. 

FUNT 091 

If we reach here, a high intensity will result for today,s 
precipitation. Generate a new random number. 

FUNT OH 
IUNT 100 
RINT lOi 
AINT 105 
RUtT to• 

Calculate intensity from exponential distribution. TR is 
not allowed to be smaller than IO·'" in order to keep ALOG 
function manageable. Also, intensity is kept less than 25 
mm/hr (a value it would almost never reach anyway). Go 
on to YSUM calculation. 

Lines 99 and 102 require several lines of algebra to derive. 
From "Local Climatological Data" sheets obtained from 
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500 Y•F1tPMJOAT, ARRAY, NPTS) 

Modeling 

the U.S. Weather Bureau for the station of interest 
(Pocatello, Idaho, for Curlew Valley runs), a histogram was 
constructed of 

(frequency of precipitation events per .01 in/hr interval 
where intensity~ 0.1 in/hr) 

vs. 

(intensity, in/hr). 

Data over a period of several years were used. This 
histogram was fit with the expression: 

frequency = ae-bx, 

where xis the intensity, in/hr. 

(A-1) 

Then, if intensity > 0 .1 in/hr, probability for intensity to be 
between x and x + dx is 

P(x)dx = (ae-bx) (dx/.01). (A-2) 

If intensity> 0.1 in/hr, the probability for it to be between 
.1 and oo is 1, i.e.: 

l =f
0
~ (ae-bx) (dx/0.01) = [a/(.Olb)Je-,lb, (A-3) 

If we let S be the probability that 0 .1 in/hr < intensity ,,;; 
x"', then 

(A-4) 

If the integral is carried out, 

S = 1-[a/(O.Olb)Je-bx'. (A-5) 

Now, if we let S = R, where R is a random number 
chosen uniformly over the range from 0 to 1, and solve 
Equation A-5 for x, we get 

x• = - (lib) In [(0.0lb/a) (1-R)J. (A-6) 

The values of x* will then have a distribution given by 
ae-bx, as required. 

The transformation of Equation A-5 into FORTRAN 
code is straightforward. Parameters a and b become A and 
B. The factor 0.0lb/a becomes 0.01 • Bl A = BA; lib 
becomes 1./B => 25.4/B = Bl, so that intensities come 
out in mm/hr, not in/hr. Thus, (0.0lb/a) (1-R) becomes 
BA•(l.-R) = TR; x' becomes Y; and Y = -Bl•ALOG 
(TR). 

R?NT 110 

This is the normal intensity calculation. This line is 
missed only if intensity is high (i.e., this line is seldom 
missed). Function Fl interpolates between values found in 
ARRAY, dependent on time of year. 
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lF(ZRAlN .~!. l,[d6) GO TO 510 
ZRINT n YSUM/ZRAIN 
GO TO 560 

S10 ZRAINaO,O 
Z:RlNToO,O 
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RINT l 13 

Continue running sum over time-step of daily intensity 
times amount. 

sao 1F((ZR!NT•24.•PMOT) ,LT, ZRAIN} ZRINTDZRAIN/(24,*PMOT) 

RINT 1l8 
RINT 11 q 
!i!INT 120 
RINT 1.?1 
RHiT IZZ 
RrnT lil 

ENTRY RlINIT 

SA.•0,0t,i,B/A 
51•25 1 <1/S 

xaRANOOM(I8EEO) 

OD 1 I•t,N 
IF CACI) ,GT, X) GO TO l 

001 CONTINUE 

002 IPROS•I 

Determine average min intensity, making sure of two 
things first: I) that we don't divide by zero, and 2) that the 
precipitation amount we'd get if precipitation fell at rate 
ZRINT for the entire time-step is at least as large as the total 
time-step precipitation already determined in PSWG. 

RINT tii!q 

Entry point for reading and writing initial data and 
comments, and for calculations which need to be done only 
once. 

RINT 17b 
RINT 177 

Calculate BA and Bl which are used in high intensity 
calculation (lines 99 and 102), 

FUNCTION !PROB (A,N) 

!PROB (A,N) determines an index from I to N + I 
given an integrated probability distribution A and a uni
formly chosen random number X, 0 ~ X ~I. A is an 
array with N values such that A(!)< A(2) < A(3) < .. , 
< A(N) <;; L If A(!)> X, then !PROB = I. If A(2) > X > 
A(!), then !PROB = 2, etc. If X > A(N), then !PROB = 
N +I. Array A can be set up in mariy ways. The index 
determined can be for precipitation size class, wind speed 
class, relative humidity (RH) class, etc. For example, we 
have RH classes set up so that if !PROB = I, RH = 0, if 
!PROB= 2, RH= 0.1,, .. , if !PROB = II, RH = 1.0. 

1PR06 OQ 

Choose random number between 0 and I. 

IPR08 05 
!PROB 06 
lPR08 07 

This DO loop takes each value of A, starting with the 
smallest, and checks it against the value of X, until a value 
is found greater than X. The loop is then exited, 

IPROB 08 
Set value of function equal to current value of I. Usually 

this means A(I-1) < X < A(!). If DO loop was exited 
normally, i.e., X > all values of A, then I = N + I. 
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SUBROUTINE PSWG 
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COMPLETE PROGRAM LISTING 

SUBROUTINE PSWG, VERSION I 

THE PURPOSE OF THIS SUBROUTINE 18 TO PROVIDE DRIVING VARIABLES 
USE BY SUBMOOELS OF THE wATER RESPONSE HODEL, 
THIS VERSION OF PSwG USED IN TUNING ANO VALIDATION RUNS, 

THIS VERSION OF PSWG 
WEATHER VARIABLES OR 
THE REST, 

CAN EITHER PSEUDO STOCHASTICALLY GENERATE ALL 
IT CAN READ TEMP ANO PRECIP DATA ANO GENERATE 

C wRITTEN BY KlM MARSHALL 
DESERT BlOHE C 

C 
C 
C AUGUST IGl76 
C 

UTAH STATE UNIVERSITY 
LOGAN, UTAH 8U322 

UMC 52 

C 
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C C 
C VARIABLE ~ICT10NARY C 
C C 
C C 
C AMT(&) AMT(I) IS AMOUNT OF PRECIPITATION IN MM IN EVENT C 
C CLASS t. C 
C C 
C OECL ANGLE CALCULATED IN PHOTOPERIOD CALCULATION, C 
C C 
C EVAP SUBROUTINE WHICH CALCULATES POTENTIAL EVAPORAT10N1 C 
C C 
C ,,craR PRECJPJTATtON ,,croR BY ~HICH"EACH EVENT IS C 
C MULTIPLIED, C 
C C 
C HUM(l0,13) INTEGRATED PROBA81LITY DISTRIBUTION OF RELATIVE C 
C HUHIOJTY CLASS SY PERIOD a, YEAR, C 
C C 
C IPROB ,uNCTlON WHICH DETERMINES DEPENDENT VARIABLE GIVEN C 
C INTEGRATED PROBABILlTY OISTRIBUTJON, BY RANDOMLY C 
C CHOOSING INDEPENDENT VARIABLE JN RANGE 0•1 1 C 
C C 
C JSEEO SEED FROM wHICH RNOR GENERATE& NEXT RANDOM NUMBER, C 
C C 
C IYEST !QUALS 1 IF THERE WAS NO PR(CIPlTATION Y!STEROAY, IF C 
C EQUALS 2 THEN THERE wAS PRECIPITATION YESTERDAY ANO C 
C PROBABILITY OF PRECIPITATION TODAY IS INCREA!fD, C 
C C 
C J CLASS INO[X, USED lN PR!CIP, WINO, SUN, HUH C[N[RATION,C 
C C 
C JOAY JULIAN OAT! AT 8~GINNING o, T1M£8T!P, C 
C C 
C LAT LATITUDE OF SITE, C 
C C 
C MOAY CUR~ENT JULllN DAY (INCREMENTED JN PSwG FROM C 
C JOAY TO JOAY+PMOT)• C 
C C 
C MTIME I~OEX OF U wEEK PERIOD OF YEAR JN wHJCH MQAY FALLS, C 
C C 
C NNN COUNTER TO DETERMINE ~HEN TO START PRINTING ON C 
C NEXT ~AGE. C 
C C 
C PMOT TIMESTEP LENGTH, DAYS, C 
C C 
C PRECC0,13) INTEGRATED PROBABILITY DISTRIBUTION OF PRECIPITATION C 
C CLASS BY PERIOD OF Y~AR, C 
C C 
C PRECJP PRECIPITATION FOR CURRENT DAY, MH, C 
C C 
C PMJOAT JULIAN DATE AT BEGINNING u, TIMESTEP, VALUE C 
C DETERMINED IN MAIN PROGRAM, C 
C C 
C PwFAC ,ACTOR FOR ADJUSTING AVERAGE WINO SPEED IF SITE ts C 
C KNO"N TO HAVE DIFFERENT AVERAGE ~IND SPEED, C 
C C 
C RAJN(2,ll) ARRAY HOLDING VALUES OF (1, • PROBABILITY OF PRECIP, C 
C TUDAY) GIVEN PERIOD OF YEAR AND HHtTHER OR NOT WE HAO C 
C PRECJP, YESTERDAY, C 
C C 
C RCHECK(20) VARIABLE USED TO READ AND WRITE COMMENTS IN WITH C 
C INITIAL DATA, C 
C C 
C READ IF ■ ,TRUE, THEN READ TEMPERATURE PRECIPITATION DATA C 
C 'ROM SEPARATE DATA FILE, C 
C C 
C RlNT SUBROUTINE WHICH CALCULATES PRECIPITATION INTENSITY, C 
C C 
C RNOR RANDOM NORMAL NUMSER GENERATOR (06~ OF VALUES LIE C 

PSG1 
PSG1 
PSGI 
PSGI 
PSGI 
PSGI 
PSG1 
PSG1 
PSG1 
PSGl 
PSGt 
P8Gl 
PSG! 
PSGt 
PSG! 
PSGI 
PSGl 
PS Gt 
PSG1 
P8G1 
PSGI 
PSGI 
P8Gt 
PSGI 
PSGI 
PSGt 
PSGI 
PSG! 
P5Gt 
PSGl 
PSGI 
P8Gi 
PS Gt 
P8G1 
P8Gt 
PSGI 
PSGI 
PSG1 
P8G1 
P8G1 
P8G1 
P8Gl 
P8GI 
P8G1 
P8Gl 
PBG1 
PSGl 
P8G1 
PSQI 
P8G1 
PSGI 
P8G1 
PSGt 
PSGt 
PSGt 
PSG1 
PSGI 
PSGl 
PSGI 
PSGI 
PSGI 
PSG! 
PSG! 
PSGl 
PSG! 
PSGI 
PSG! 
PSGi 
PSGI 
PSG! 
PSGI 
PSGI 
PSGl 
PSGl 
PSGI 
PSG1 
PSG! 
PSGI 
PSGI 
PSG! 
PSGI 
PSGI 
PSGI 
PSG1 
PSGi 
PSG1 

001 
002 
003 
oou 
00S 
OOb 
007 
008 
oo• 
010 
0 I I 
012 
01' 

'" 015 
Olb 
O 17 
0 I 0 
01• 
020 
02! 
022 
021 

'" 025 ,,. 
02! 
0,8 
02• 
030 
Oll 
032 
OU 

'" 035 ,,. 
037 
OlS ,,. 
ouo 
041 

'"' '"' 044 
045 , .. 
'"' 048 , .. 
050 
0,1 
052 
05' 
os, 
05' 
os, 
057 
058 
os, 
ObO 
Obi 
Ob2 

'" '" ObS , .. 
067 
Ob8 ,., 
070 
071 
072 
073 
074 
07S 
07b 
077 
078 

"' 08 0 
081 
082 
063 
oeo 
085 
08b 

Modeling 
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C 
C 
C SHUM 
C 
C SMU 
C 
C 
C SMIN 
C 
C 
C SPREC 
C 
C SSUN 
C 
C 
C SUN(tO, ll) 
C 
C 
C SWIN0 
C 
C 
C TMAX 
C 
C THIN 
C 
C TRAIN(iO) 
C 
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RUNNING SUM OF UP TO PM0T DAVS' RfLATlVE HUMIDITY, 

RUNNING SUM OF UP TO PMOT DAVS1 MAXIMUM TEMPERATURES, 
DEGREES C!.LCIUS, 

RUNNING !UM OF UP TO PMOT OAV81 MINIMUM TEMPERATURES, 
OE.GREEB CE.LCIUS, 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

RUNNING SUM OF UP TO PMOT DAYSI PR£CIPITATIDNEVENTS,MM,C 

RUNNING SUM OF UP TO PMOT DAYS' P!R CENT POSSJSL! 
IUNLI~HT 

INTEGRATED PR00A81LlTY DISTRIBUTION OF PER CENT 
'OSSI8LE SUNLIGHT CLASS BY PERIOD OF Y!AR, 

RUNNING SUM OF UP TO PMOT DAYS' AV!RAGE WIND SPEEDS, 

MlXIMUM T!MP!RATURE FOR CURRENT DAY, DEGREES C!LCIUS, 

MINIMUM T!MP!RAfURE FOR CURRENT DAY, D!GR!ES C!LCIU8. 

ARRAY WHICH HOLD& DAILY PRECIP VALUE& FOR TJM!ST!P 
(UBtO BY R4IN 1NT£NSITY ROUTINE), 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C C 
C wIN0(7,ll) INTEGRATED PROBABILITY DISTRIBUTION OF WINO SPEED CLASSC 
C BY PERIOD OF VEAR, C 
C C 
C XMAX{1),XMAX(Z) PARAMETERS FOR SINE WAVE FIT TO SEVERA~ YEARS1 C 
C OAJLV MAXIMUM TEMPERATURE&, TAKEN AT NEAREST WEATHER C 
C BUREAU SITE, C 
C C 
C XMAX(l) STANDARD OfVIATION OF DATA ABOUT 8IN! WAVE ,IT USING C 
C XMAX{l) ANO XMAX(2), C 
C C 
C XMlN{l),XMtN(Z) PARAMETERS ,oR LINEAR REQRESSION B!TwEEN C 
C TMAX AND TMIN. C 
C C 
C X~IN(J) STANOARO DEVIATION OF TMlN, C 
C C 
C ZAIRT AVERAGE DAILY AIR TEMPERATURE ,oR TIMfSTEP, DEGREES C 
C CELCIUS, DRIVING VARIABLE USED BY OTHER 8U8MODELS, C 
C C 
C Z£SUM SUM FROM OCTOBER t Of ZfVAP, MM, C 
C C 
C ZEVAP POTENTIAL EVAPORATION, MM/TIMESTEP. C 
C OWIVING VARIA8L~ USED BV OTMER 8U8MOOELS, C 
C C 
C ZPHPD PHOTOPERIOD OF FIRST DAY IN TJMESTEF, HOURS, DRIVING C 
C VARJAuLE USED 8Y OTHER SUBMODELS, C 
C C 
C ZRAlN TOTAL PRECIPITATION FOR TIMESTEP, MM, DRIVING VARlABLEC 
C USED BY OTHER SU8MODELS, C 
C C 
C ZRH AyERAGE DAILY RELATIVE HUMIDITY, DECIMAL FRACTION ,ROM C 
C 0•1• DRIVING VARIABLE USED 8Y OTHER SU6MODELS, C 
C C 
C ZRINT PRECIPITAT10N INTENSITY, MM/HR, DRIVING VARIABLE USED C 
C HY OTHER SUB~ODELS, C 
C C 
C ZRSUM SUM FROM OCTOBER I OF ZRAlN, HM, C 
C C 
C ZSUN AVERAGE DAILY PER CENT POSSIBLE SUNLIGHT FOR TIMESTEP, C 
C DECIMAL FRACTION FROM 0•1, DRIVING VARIABLE USED C 
C Br UTHER SUBMODELS, C 
C C 
C ZTMAX iyER&GE OAlLY MAXIMUM TEMPE~ATURE ,oR TIMESTEP, C 
C OEGREES CELCIUS, DRIVING VARIABLE USED 8Y OTHER C 
C SUBMODELS, C 
C C 
C ZTMIN AVERAGE DAILY MINIMUM TEMPERATURE ,oR TlME8TEP, C 
C OtG~EES CELCius. ORlVING vAHIASLE U8EO 6Y OTHER C 
C SUBMOOELS, C 
C C 
C zwlNO AVER~GE DAILY WINO SPEED FOR TIME8TEP, DRIVING C 
C ~ARl6BLE USED BY OTHER SUSHODELS, C 
C C 
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C 
C 
C 

SMAX•O, 
SMlN•O, 
SPHEC•O, 
SSUNIIO, 
SWINO•O, 
IHUM•O, 

PSGl 
PSGl 
PSGt 
PSG1 
PSG1 
PSGt 
PSG1 
P8G1 
PSG1 
PSGl 
PSGl 
PSGl 
PSG1 
P8G1 
P8G1 
PSG1 
P6G1 
PSGt 
P8G1 
P8Gt 
PSGt 
P6Gt 
PSG1 
P8G1 
PSGl 
PS,t 
P8G1 
PSGt 
PSfi 1 
P&GI 
Pl'S 
P8Gl 
P8G1 
PSGI 
PSCH 
PSGi 
PSGI 
P8Gt 
P8Gt 
PSl.t 
PSGt 
PSGl 
PSGt 
PSGI 
P8G1 
P8Gt 
P8G1 
PSGI 
P8Gt 
P8G1 
PSGI 
PSGI 
PSGI 
P8G1 
ps,1 
P8Gt 
PSGI 
P8Gl 
PSGI 
PSGI 
P8Gl 
P8G1 
PSGI 
P8Gt 
PSGl 
PSGl 
PSGI 
PSGl 
PSGl 
PSGt 
PSGI 
PSG! 
P8G1 
PSGI 
PSG1 
PSG1 
PSGt 
PSGI 
PSGt 
PSGl 
PSGl 
PSGI 
PSGI 
PSG! 
PSGI 
PSGI 
PSGI 
PSGI 
PSGI 
P8Gt 

08 7 
08. 
o•• 
090 

'" 092 ,., , .. 
005 ,.. ,., 
008 ,.. 
100 
101 
10, 
101 

"" !OS 
106 
107 
108 
100 
110 
111 
l 12 
111 
1,. 
115 
11• 
11 7 
118 
119 
1ao 
1'1 
1'2 

"' "" 1'5 ,.. 
127 
128 
12• 
110 
111 
11, 
111 

"" 115 
11• 
117 
118 ,,. 
1"0 
1'1 ,., ,., 
'"" 1•5 ,.. 
1"7 
1"8 , .. 
l 50 
151 
152 
151 
IS• 
155 
15• 
157 
158 
15q 
160 
161 
162 
lbl 
1•• 
1b5 
1•• 
1 b 1 
1•• , .. 
l 70 
171 
172 
171 
170 
1" 
17• 



C 
C 
C 
e 

e 
C 
C 

C 

e 
C 

C 

C 
C 

C 
C 
C 

C 
C 

C 

C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 

C 

C 
C 
C 

C 
C 

C 
C 

C 
C 

C 
C 

JDA'tePMJDAi 
MOAVmJDAV 

MAIN l.OOP 
00 l Xmt ~?MDT 
HTXME&MDAV/i8q& 
XF CM71ME oGT. 13) 
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P8Gt 
PSGt 
P8Gi 
P8G1 
PSG1 
PSG1 
P8Gt 
PSGJ 
P8Gt 
PSG1 

READ IN YEMP ANO PR!ClP OATA lF FLAG 8£T 
1F(~NOT~R[AD)GO'f0100 

PSGt 
fl'SGt 
P8G1 

020 READ(B:25,[NOmSOO)TMAXpTMIN,PR~ClP 
025 FORMAT(7Xf€r60 !,J6XuF601) 

GOY030 

500 READeoFAL3~o 

PaG1 
PSG1 
PSGt 
PSGi 

IF W[ REACH MfRE THEN A001TIONAL Y!MPS ANO PRECIP 
8UPPLI[D BY YHE 8T0CHA&Y!C ~£ATHER GENERATOR. 

WlLl. BE 
PSG1 
P8G1 
PSGt 
PSGl GOT0100 

010 CONytNUE 

NOW CH[CK DATA FOR B[XNG REASONABLE 

P8Gi 
PSGt 
P8Gl 
PSG1 

IF(TMAX0 bT0 TMIN)GOTO&O 
IFCCYNAX~LT.QJOn)0 0R0 (T~AX1GT.Q§,))GOTOqo 
IF(CTMlN~LY,Ql01)oOR~(TMIN8GT,a5.))GOTOij0 
1P(((PREC1P,LT.50ff) 0 AN00 (PR!CIP0GE10 1 0)),0R.(PRECIP 0 GT.5000.)) 

PSG1 
PSG1 
PSGt 
PSGl 
PSGt w GO'i'OM 

60METIME6 ZERO PRECIP IN OSCOOE8 IS l.XiTEO AS A RlDlCULOUSL-Y LARGE NOPSGl 

80MEYHlNG WRONG~ WRITE OFFENDING CARO 
QijO ARlT[(b,§O)PMJDAT,TMAX,TMlN,PR!ClP 
050 FORMAT(' 1,IS,l~i2t5) 

STOP 

060 CONTINUI! 
8MAXs8MAXvTMAX 
8MINc8MlN ❖ il>IIN 

8PRECB8PRECvPREC!P 

ANO OTOP 
P8G1 
PSGt 
PSGt 
PSGl 
PSG1 
PSG1 
PSG1 
PSG1 
PSG1 
PSGl 

LOAD ~REClP INFORMATION 
TRAIN(I)mPRECIP 

FOR ZRINT CALCULATION 
PSGt 
PSGt 
PSG1 

GO'i'02 

100 CONTINUE 
TEMPERATURE SECT!ON 
TMAX IS A QUADRATIC ,xT 
RNOR rs 1RAN00M NORMAbl 
col ANO + l) 
XMAX(3) JS THE STANOARO 
THE FIRST iMAX BEkOW IS 
.011214 ~ 2 ~ PI 1 3os. 
1.570790 g PI / 2 0 

TO TH~ YEAR18 TEMPERATUR!S 
NUMBER GfNfRATOR ( .ee a, VALUES BETWEEN 

DEVIATION ABOUT THIS FIT 0 

A SINE WAVE FIT TO THE VEAR18 ~!AN MAX TEMP 

PSG1 
PSG! 
PSGl 
PSGt 
PSG1 

TMAX n XMAX(l) ♦ XMAX(2)*SIN(,Ot7214~MQO((PMJ0AT+34U0 ),3b5 0 ) 

C .. 1.5707Qb) 

P5G1 
PSGt 
PSGl 
PSGl 
PSGl 
P$G1 
PSGI 
PSGl 
PSGl 
PSGJ 
PSG! 
PSG1 

THE FOLLOWING TMAX 18 THE DAVIS MAXIMUM TEMPERATURt, 
001 TMAX s TMAX" ♦ XMAX(3)QRNDR(I8EE0) 

THINnXM7N(1)+XM1N(2}~TMAX 
TM!NaTMlN ♦ XMlN(3)wRNOR(!SEf0) 

PSGl 
PSG1 
PSGt 
PSGI 
PSGt 
PSG1 
PSGl 

IF (THIN 0 GT0 TMAXJ GO TO 1 
SMAX13SMAX•HMAX 
SMINnSMINvTMIN 

PRECIPITATION SECTION 
IYE8T HAS SOMETHING YO 00 WITH ~HETHEA 

IYESTolPROB(RAIN(IYtSY,MTIME),1) 
IF(IYEST 0 NE1 2) 'i'AAIN(l)DOeO 
IF (!YfST .NE. 2) GO YO 2 
JnlPR06(PREC(1,MTJMf),5) 
SPAECaSPREC ♦ AMT(J) 
TRAlN(Ih!AMT(J) 

llilND SECTION 
00~ J~lPAOB(~IND(t,~TlME)v7) 

8WlNDas~tNDt(J~1,~a.os 

PERCENT POSSIBLE SUNLIGHT SECTION 
JnIPR0S(6UN(1,MTIME),t0) 
SSUN»SSUNt(JPl)*Oo1 

RELATIVE HUMIDlTV SECTION 
JsIPR08(HUMC1,MTIME),10l 
SHUMaSHUM+(JcJ)*Oa1 

003 MOAVmMOAVv1 
END MAIN 1,,00P 

OR NOT k! MlO RAIN YE8TfROAY, PSGt 
PSGt 
PSG1 
P8G1 
.PSG 1 
f'SGt 
PSGt 
P8G1 
PSGl 
PSGI 
P8Gt 
P8G1 
PSGI 
PSGl 
PSG1 
PSGI 
PSGt 
PSG1 
P&Gt 
PSG1 
PSGl 
PSGt 

'71 
! 18 
11• 
100 
I 8 ! 
182 ,., 
104 
185 
!6b 
161 
180 , .. 
! ., 
191 ,., 
I 93 
194 , .. 
196 ,., 
' .. 
199 
200 
20 I 
20, 
20, 
204 
205 
206 
201 
206 
209 
21 O 
21 I 
212 

"' "" 215 ... 
217 
216 
21• 
220 

'" 2'2 

"' ,,. 
us ,,. 
227 
228 

"' 230 
23! 
2l2 
2H ,,. 
2l5 
23b 
237 
2l6 
2l9 
l40 

"' 2'2 ,., 
2'4 
2,5 , .. ,., , .. , .. 
250 
251 
252 ,., 
254 
,ss 
25' 
251 
'56 
259 ,., 
2bl 
262 ,., 
••• ,., , .. 
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C 
C 

C 
C 
C 

C 
C 

C 
C 

C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 
C 

C 
C 
C 

C 
C 

C 

C 
C 

C 

C 

C 

C 

C 

C 

X•l,/PMDT 
ZfMA)(mSMAUX 
ZfMIN•SMJN,iX 
ZWINOs8wINO*X 

H[RE'8 A FACTOR POR ADJUSTING AVERAGE 
st 01,rERENT FROM M!A8URING STATION 

ZWINO a ZWIND • PWFAC 
ZWiNO 18 IN KM/HR 

ZSUNsiSSUN•)( 
ZRHiaSHUM,d( 
ZRAINr.iSPR!!:C 
ZAIRT•CZTMAX+ZTMJNl/(1 

PSC.l 
PUI 
PIIGt 
PSGI 
PSGI 
PSGt 
PSGI 

WIND SPEED IF SIT! IS KNOWN TO PIIGt 
PSGI 
PSGI 
P8Gt 
PSGI 
PSGI 
PSGI 
PSGt 
P6ol 

THIS IS WILKlNIS PHOTOPERIOD CALCULATION 
OfCL•AR8lNC8IN(0,283185l•2J,Q5/l60,)• 

P&Gt 
PSGt 
PSGt 

C COS(MQO((PMJOAT+19J,),l65•)D6,28l1853/l65 1 )) 

Xa{8IN(LAT•6l28318Sl/l60 1 )•TAN(OECL)+SIN( 1 8TS•6 1 28ll85l/360 1 ))/ 

PSGI 
PSGI 
PSGI C C08(LAT•6,28J18SJ/360,l 

IF (X ,GT, l,l xa1 1 
I~ (X ,LT, •1,) xm~l, 
ZPHPD•12, ♦ ,13lll3l•ARSIN(X)*l60,/6 1 28l185l 

OETERMIN! RAIN INTENSITY 
CALL RINTCZRlNT, TRAIN, 

ZRINT 18 RETURNED lN MM/HR 

DETERMINE ZEVAP 
CALL EVAP 

ZEYAP IS IN MM/Tl~ESTEP 

ZRAIN, PMOT, PMJOAT, l8!ED) 

THIS IS THE WEATHER M001FICAT!ON 
ZRAlN•FACTOR•ZRAIN 

SUM SOME VARIABLES FROM OCT 1 ••NATER YEAR 
IF{P~JOAT.LT.270)GOTOqoo 
IF(A8S(PMJDAT~210) ,GE, PMOT) Go TO qoo 
ZRSUMaO,O 
lESUM•o.o 

qoo ZRSuM•ZRSUMOZRAIN 
ZESUM•ZESUM~ZEVAP 

JF(NNN ,LTo 58) GO TO qtO 
lilRITE{ti,q3o) 
NNNaO 

PSGI 
PSC.1 
PSGt 
PSGt 
PSGt 
P8(;1 
PSGt 
PSG1 
PSGt 
PSGt 
PSGt 
PSGt 
P8Gt 
PSGt 
PSGt 
PSGI 
PSGt 
PSG1 
118"1 
PIIGI 
PSGI 
PIIGI 
PSGI 
PSGt 
flSGt 
P&GI 
PIGt 
PSlit 
PSCH 
P8Gl 
PIG! 

q10 ARITE(u,quo)PMJDAT,ZTMAX,ZTMIN,ZRH,ZPMPO,?RAIN,ZRINT,?RSUM,ZSUN 
•,ZEVAP,ZESUM,z~IND 

P8Gt 
PSGI 
PHI 

NNN11NNN~1 
q30 FORMAT(1 t', 'PMJOAT 

WN ZR INT ZR SUM 
•DI, /) 

ZTMlN 
ZSUN 

ZRH 
u:v,1.P 

ZPHPO 
ZESUM 

CHIO FORJ,IAT(I ,, 1n:, n, 2(4X,F&,2),SX, f'U,2, ]{5X, ,s.2,, 
• i(SX, F7,2), SX, F5~2, SX, F7 1 i, SX, FS,l) 

RETURN 

ENTRY ZINIT 

PHt 
ZRU,IGI 
ZWtNPIC.l 

PSGt 
PSlil 
P8Gt 
PSGt 
PSGt 
PSC.t 
PSG1 
P8Gt 
P81il 

COMMON flME,TSTARf,TENO,OT,DTPR,DTPL, P8GI 
tCAARCb,8),CAO!ST(b,8),CADETH,CAU~ST,CDDL(t2,"),CHD(10),CHDX(IO), PSGI 
2CHOXX(10),CNFIX,CNSDF,CNSOS,CNSOMF,CNSOMS,CNIIUP,CVDETH(12,4), PSGI 
3CVLTFR(l1,4),CVPHEN{b,8),CVPH8(b),CVRD8T(&,IO),evTSPR(b,8),CVVCOV,P81it 
"C~lNF,CWPSl{lO),PMOT,PMDTPL,PMOTPR,PMFGPS,PMJOAT,PMN,PMNCOH,PMN8P,PSlit 
5PWK(10),XAA(4),XAAVWT(U,8),XAAWT(4),XAFT8{4),XAFWT{4J,XANUM8{4,8),PSGt 
bXA8A(4),XASAwT(4),XAYNG(4),XAVWT(U),XHSOLT{lO),XNMN,XNSOHf,XNSOMS,P8Gl 
7XVfG(b,5),XVLITR(t2,4),XVPLNT(&,8),xvTDTL,XWTHTA(lO},xwaTNO,ZAIRT,P8Gt 
8ZEVAP,ZESUM,ZPHPO,ZRAIN,ZRSU"',ZRH,ZRINT,ZRlSUM,ZSUN,ZTMAX,ZTMlN, PSGt 
qzwJNO PSlit 

• 

LOGICAL READ 

REAL LAT 

INTEGER PMJDAT 

COMMON /SUNNY/ JYEST,ISEED 

DIMENSION XMAX(]),XMINC3),RA1N[2,13),PR!C(&,1J),AMT(b), 
~INDC1,13), SUN{10,1l), HUM(10,1l} 

Ol~!NSJON TRAIN(ZO) 
OJr,1ENSlON HCHECK{ZO) 

P&Gt 
PSlil 
P8Gl 
PSGt 
PSGI 
Plllit 
P8Gt 
PSGI 
PSGt 
PICH 
PSGt 
PBG! 
P8Gt 

201 
2•8 
2•9 
210 
211 
n2 
271 
21, 
21S 
n• 
271 
'18 
279 
280 
281 
2e. 
283 
2e, 
285 
2•• 
287 
l88 
289 
l90 
291 
292 . ., ,., 
295 
29b . ., 
<98 
299 
100 
lO I 
102 
301 , .. 
10S 
10• 
10, 
308 
309 
11 0 
'11 
112 
313 
31• 
115 
11• 
317 
118 
JU 
320 
J2I 
122 
121 
12• 
3'S ,,. 
l27 
3'8 
329 
llO 
111 

"' lll 

"" llS 
n• 
117 
118 
ll9 

'"' 1"I 

'"' '"' '"" 3"5 ,.. 
3"7 
3"8 ,.. 
350 
151 
152 
153 ,s, 
155 , .. 
1S7 
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C 
WRITE(U,li'llO) 
NNN•O 

C 
R!ADCS,710) RCHECK 
wRlTE(0,720) RCHECK 
R!AOCS,710) RCH!CK 
wRITE{0,720) RCH£CK 

C 
R!AD(5,/l !SEED 
ARJTE(i!i,/) lSHO 

C 
R£ADC5,I) LAY 
WRITE(O,/l LAT 

C 
REAO(S,/) XM~x,X~lN 
WRITE(&,/) XMAX 
WRITf(i!:i,/) X'11N 

e 
READCS,/l RAIN 
l'l'RlTECti,/l RAIN 

e 
REAOC5,I) PREC 
WRJTE(O,/J PRe;:C 

C 
RE:AOC5,/l AMT 
NRITE(i!:i,/l AMT 

C 
REAO(S,I) WINO 
WRITE(&,/) WIND 

e 
RfAO(S,1t0) RCHECK 
WRITE(o,720) RCHECK 

e 
Rf.AOC§,/) SUN 
WRITE(b,/l 8UN 

C 
RH0(5,I) HUM 
WRlff(b,/l HUM 

C 
REAO(S,/) PWFAC 
~RlTE(O,/) PWFAC 

C 
REAO!Stl)READ 
WRIT!(&,/) REAO 

C 
REAO(S,/)FACTOR 
WRlTE(O,/J FACTOR 

C 
e 

REAO(S,1iOi ACM!CK 
WRITE(~,720) RCM!CK 

C 

'" ft0RMA'i'(20AU) 
720 FORMAT( I 1, iOAIO 

e 
C 

lYe:&flli 
C 
e C~LL. lNITIALXZATlON S!CTION 0~ 8U8ROUTlN!8 !YAP AND RlNT 

CALL !VlNIT· 
CALL RlINIT 

C 
C 

R!TURN 
END 

SUBRtiUTYN!! PewG 
C 
C 

SUBROUTINE PSWG, VERSION II 

C TMJS VfRStON OF PS~G l!SEO IN 5•VEAR RUN80 

C WFATHtR VARtA~LFS ARE R~AO FROM WFATH!R OATA FIL!. 
C 
C 
C 
r.cecccccccccccecr.ceeecceececceeceeeeeeeeecccccececeeccececccecccccececc 
C e 
r. VARTARL~ O!CT!ONARV C 
C C 
C C 
r. D!CL ANGLE CALCULAT!D IN PHOTOP!RtOO CALCULATION. e 
e e 

P8G1 158 
PSGI 359 
P8G1 lb0 
PSGI ,., 
P8Gt , .. 
PSGI ,., 
PStH "" PSGt , .. 
P8Gt , .. 
PSGt ,., 
PSGi ,.. 
PSG1 !&9 
PSGi '70 
P8Gt l?! 
PSGl ,1, 
PSGt 37l 
PSGt "" P8G1 '75 
PSGI 31b 
?SGI ,n 
P&Gt '78 
P8G1 379 
PSGl ,., 
PSGt ,., 
PSGi , .. 
P8GI ,., 
PS(al 380 
PSGI , .. 
PSG1 ,.. 
P8Gl "' PSGl 1eo 
P&Gt , .. 
P8Gt ,., 
P8G1 "' P8Gt , .. 
P8Gt ,., 
PSGt 190 
PSGt "' PSGI , .. 
PSGI ,., 
P8G1 ,.. 
PSGI , .. 
P8Gt •oo 
PSGI 00! 
P&Gl ... 
PIHH •03 
PfHH ... 
PSG1 00§ 
P8Gi ... 
P8Gl .,, 
PSGI 008 
P8Gt ... 
P9Gt "' P8G1 •1 I 
P&Gi 0!2 
P8Gt •u 
P8Gl Ql4 
P8GI 01§ 
PSGt •1• 
PSGt "' PS(H •1' 
P8Gt •1• 
PSGI "" P8G1 .,, 
PSGl "" PSG1 "" 

PSG« 001 
DflG2 002 
P§{;2 003 
PSG2 OOLI 
PtH~2 00'5 
PSG2 000 
P8C?. 001 
PSG?. ooi, 
08G2 OOQ 
i,gG2 01() 
PSG2 011 
PSG2 012: 
PSG2 013 
PS(H~ Ottl 
PSG2 Ot'i 

Modeling 
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r. EVAP SuBROUTtNt WMfCH CALCl/LA'i'P.:S POTENTIAL !VAPORAYJON. C 1181:l 016 
e e •8G2 011 
C FACTOR P~tCfPtTATfON FACTOR RV WHTCH !ACM !V!NT ts C PSG2 018 
e ~ULTIPLfEO. C •BGZ 01q 
C C ftSG2 020 
e ?SEEO S!ED PROM WHICH RNOR GENERATES N!XT RANOOM NUMB~R. C P!Gl 021 
e C PSG2 0?.2 
C Jl'lAV JULIAN DATI! AT Sl!GINN!NC OF T!MEST!P. C PSGZ 023 
C C P!GZ 024 
C LAT LATITUDE OF 8fTE 0 C PSG2 02, 
e C P8G2 O.i!b 
C NNN COUNT€R TO O~TERMfNE WHEN TO START PRtNTlNG ON C lll~GZ 021 
c ~~~T PAGE: C PSG2 Ole 
r. e PSGZ ozq 
f. PMOT TtM£8TEP LENGTH, OAVS. C PSGZ 030 
I': C PSGZ 011 
e PRfCIP PRECIPITATION FOR CURRENT DAY, MM. e P8G2 032 
f': e PSGZ 033 
e PMJOAT JULIAN l'lATE AT 8EGJNNfNG OF TIM!STEP. VALUE C PSGZ 034 
e DtTF.R~INEO IN MAIN PROGRA~. C PSGZ 035 
C C PSG?. 036-
e PWFAC ~ACTOR FOR AOJUST?NG AVERAGE MINO SP!!O IF SIT! rs C PSG2 037 
C KNOWN TO H4Vf D?FFERENT AV£qAG£ w?NO SPY!D. r. PSG2 038 
r. e PSG2 on 
r. RCMEeK(20) VARIABLE U8f0 TO RfAO ANO WRITE COMMfNTS tN WITH e PSG2 oao 
r. fNf'i'fAL oiu.. e P8G2 oat 
C C PSG2 OU 
C RfNT SUBROUTtNE MHtCH CALCULATES PRECIPITATION fNT!NSITY. C PSG2 041 
r, C OSG2 OU 
r. SHUM RUNNING SUM OF UP 'i'O PMOT DAV81 Re'LATY\lf MllMT!HTV. C IIISG2 045 
r. e PSG2 oaa 
e SI-IA)( RUNNfNG tlUM OF !JP T() PMfH' tlAV8' MA'IC!Ml!M UMPfl:UTURf'B. e P8G2 Oa? 
C DfG~E!S C~Let11s. C PSG2 048 
r. e P8G2 on 
r, g1;1IN RIINNING SUM OF VP TO PMOT OAYSI "41N!MU~ f!MPl!IUTUAE'8. C P8G2 051) 
e OEGRfF.S CfLCIUS. C PSG2 051 
e e PM2 05?. 
C SPRl!C RUNNING SUM OF UP YO PMDT 0AV8' PA£Cr~tfkft0Mtv!NT8;~,o"·c P,BQZ O!I! 
C C PSQZ O!U, 
C 88UN RUNNING SUM o, UP TO ~MDT DAV81 P!R CfNT P088t8Lt C li'802 o,, 
e SUNLIOHT C ,soz o,6 
e e •saz o,, 
e S~tNO RUN~ING 8UM o, UP TO ,MOY OAY81 AV!AAO! w?NO 8Pt!o8: C P8CZ o,e 
e l(M/MR: e ttSG2 o,~ 
e e ••u 060 
C TMA'IC MAX?MUM T!MP!RATUR! ,oR CURRENT DAY, O!ORE!8 C!LC!U8. e •SGZ 0&1 
e e •saz ou 
e TM!N HtNYMUM T!MPERATUR! FOR CURR[NT DAV, D!GRE!8 eELCtus. e •SG2 063 
e e li'SGZ OU 
e TRAtNClO) ARRAY WHICH HOL08 DAILV ~REer, VALU!S ,oR TtM!8T!P C li'SG2 06, 
e (USED BY RAIN INT!NStTY AOUTIN!), e •scz 06G 
e e •SG2 ou 
e ?AIRT AVfRAG!.OAILV AIR T!M~!ffATUR! POR T!M!IT!P, O!O~!!B C ,scz 068 
e etLr.rus. n~IVING VAR!AAL! US!D ev OTM!R 9U8MODELS. C PSGZ 06• 
e C PSG2 010 
C l!8UM SUM FROM OCTOA!Q t OF 1.!VAP, MM. e PSGZ 011 
e C PSG2 072 
C l!VAP POYfNTIAL EVAJORATION, MM/TYM!8TEP. C •scz 073 
e ORtVING VAQIAAL! USED 8V OTH!~ 8UftM00£L8. C PSG2 o,a 
e e P8G2 015 
e lPMPO PHOTOPi!RIOO o, FfR8T OAY tN TfM!8Tl!1t. M0UR8. ORtVING C PSG2 01G 
e VAA?A8L! use:o ~v OTH!R SU8MOO!L8. C PSG2 077 
e e PS02 018 
C ZAAIN TOTAL PA!et,YTATtON ,oR T!MtST!P, MM. OA?VfNG VARIABL!C P8GZ 07Q 
e U8£0 ev OTHfA 8U8~00fl9: e PSQ2 OftO 
r. C PMl 0-'1 
C ZRH Avt~AG! OAILV RtLATtv! MUMtOITY, O!CfMAL ,R,eT!QN FROM C PSC2 0~2 
C 0•1. DAYvfNG VAR!ABL! US!O 8V OTH!A 8U8~00!L8. e PSG2 0~3 
e e ,sGZ o~a 
e ZAtNT PRfe!PtTATtnN tNTl!NStTv, MM/H~. OR!VING vAAtA&L! usro e PSGZ 08! 
e SY OTM(!R 8UAM00£l.8. e PSG2 OtH:, 
r. r. itSG2 0~1 
C ZR8UM SUM FROM 0CT08!A 1 o, ?RAIN, MM. e PSG2 0~8 
e e PSG.2 o~~ 
C lSUN AV!AAGt DAILY P!A C!NT P08St8Lf SUNLJ~MT ,oA TIM!ST!P, e PSG.2 OQO 
e ore7MAL ,RAeT!ON PROM 0-1: ORtvING VARIA8L! usto e PSr.2 0,1 
e BY OTM!R 8U8MOOF.L!10 C P9Gt". OQ2 
e e PSG.2 o,:s 
C ?TMAX AVERAGE OAILV MAXIMUM Tl!MPEAATUAE POR TIMfS'i'fP. C PSG2 oqa 
e O~GAffS erLerus: f)-JV!NG VA~IABLf usro AY OTMfA e PSG2 oq~ 
c sos1i1oons: e ,M2 oqa 
e e PSG?. oq1 
e ZTMIN A\ltAAG! OAYLV MJNYMUM fEMPfAATUAf FOR YtMfSTfP, e PSGZ oqs 
e O!SffE!9 CfLCIU8. ORIVYNG VAAI•SLf ustn BY OTH!R C PSG2 oqq 
f: 9Ul}"'00HS: l': •SGi! l!'JO 
C l': PSG2 Hit 
C ZWYND AV!AAG! OA!LY WINO SPfEO FOR TtM!STfit~ ~RIVING e PSG2 102 
C VAQYA@L! USfO av OYME~ SU6MOO~LS. C OSG.2 10:s 
e e 111SG2 10a 
ecceececceecececcc r,eeeeccceeeeceececr,cr.cr.cecl'.'.cccccc ceceeeeeeeeeeeeceeee PSG2 1 ois 



' ' r. 

' 

C 

' 

' ' 

' ' 
' 
r. 

' 

' ' 

' ' 

' 

9,0.x ■ o; 
SMTN ■ f) • 

SPRe'.r: ■ o, 
~lrllNO ■ I'), 

SSUN';"'O; 
"HUM ■ (!. 

JOA'l' ■ PMJOAT 
MOAV■ Jt"IAY 

MAIN Lat'IP 
00 l 1 ■ 1,PMOT 

33 

R!AO T00AV'8 ~•TA 
R!AD(A;3n,Et.1n ■,oo)TMAX,TMIN,~REC!P,WJNO,PPS,RH 

30 '0RMAT(lOX,l'5:o.FS,l,,s:1;2,,:2, 

COT050! 
500 CONTJNUf 

STOP 
t;Ot t"O"lTTNU~ 

CONV!RT TO MfTRJC UNITS 

TFMPS FROM, TO C 
TMAX ■ (TMAXftl2.)*0,555555 
TMTN■ (TMlN•l?,)•0•55~~~5 

PRECtP FROM tNCM!S TO MM 
PRECTP ■PRECTP•?.5:a 

AAERAr.E ~TNO SPEEO FROM MILES/ HR TO KM/MR 
IIIPJr:> ■ wtNO•t ,&l'IC,lU 

CHECK JF VALUES ARE SENSIRLE 
JFCTMJN,GT:TuAX)GOT040 
TF{(TM4X,G!,42.):o~,{TMtN,LT,•43,)~GOT040 
TF({PRECJP,GT,~O,).OR,{PRECIP.~T.O,O))noroao 
fF((WT¼~,nT 0 bO,},OR,{~T¼O,LT,0 0 0)}GOT040 
yF({PP~.Gr:1:0),oR:{PP~.LT;n.o))Gnrouo 
TF( (q1-1.u•. I .no) .,,,m. (AM.G!' .o; n) )GOT060 

TF wE RFACH HFAF !OM!'THING I! WRONG. WRJTr OFFfNOING CARO ANO 
an WQJTF(e,~O)T .. A)(,TMJN,PQ!'l.JP,WINO,PPS,RM,PMJOAT 
50 !'OAMtT(I 1,1F10,l) 

~ T r"P 

60 CO'-'TT1'Jl!f 
!><Al( ■ :'l"lll+Tlo<.ll( 

,t;MTN ■ ~"11'J+TMJ1'J 

!PAF,r ■ ,PAEr+PRECTP 

~wtNO ■ ~WJ>JO ♦ WlNO 

C.Si/N ■ C.,U'J ♦ PP~ 

SHIIM ■ !I-IU .. +A"' 

l(Hf'I TRAP./ FOA USf JN !llBROllT!l./f' RIIH 
TAAJN(f)~PPfCJP 

' COIJTJNIIE 
ENO MAIN Lon, 

?TM'-X•SM'-X•X 
7TMJN■!HI.J"l*X 

lWTNOsS'<ITNn.x 

PSG2 
PSG2 
PSG2 
PSG2 
P8G2 
PSG2 
PSG2 
1>SG2 
D8G2 
P8G2 
PSG2 
~8G2 
P8G2 
PSG2 
PSG2 
PSG2 
P8G2 
118G2 
PSG2 
DSG2 
PSG2 
PSG2 
PSG2 
PSG2 
PSG2 
P~G2 
P8G2 
itSG2 
PSG2 
PSG2 
itSG2 
PSG2 
PSG2 
PSG2 
PSG2 
P8G? 
PSG2 
PSG2 
PSG2 
P,SG2 
P8G2 
PSG2 
P~Gil 
PSG2 
PSG? 

STOP.PSG2 
PSG2 
PSG2 
~SG2 
PSG2 
PSG2 
PSG2 
PSG2 
PSG2 
c>SG2 
PSG2 
PSG2 
P8G2 
PSG2 
D/H;2 
PSG2 
PS(;,! 
PSG2 
PSG2 
P8G2 
PSG2 
PSG2 
PSG2 
PSG?. 
PSG2 

·r>SG2 
PSG2 

HEAEIS i FACTOR FOR olOJUSTING AVfRAGf WINO SPEfO tr SITE TS KNOWN TO 
e, ~trrF.R!'NT FROM ~EA!URINi, !TATTON 

PSG2 
PSG2 
PSG2 
PM? 
PSG2 
PSG2 
PgG2 
PSG2 
PSG2 
PSG2 
PSG2 

ZWTNO. ZWJNO. PwF,r 
t!HJN■ S!UN•X 
ZRM•Sl·HIMM)( 
;,'Al fN•Sl'REC 
llJRT•(ZTMAX ♦ lTMJN)/2 0 

THIS IS WTLKJN1S PMOTOPfRIOO CALCULATION 
O~l.L•ARSTNtSTN(6:2~lt85l•2J.0~/160:) ♦ 

C Cns(MnO((PMJOAT+lQJ:,;105:, ♦ ,:l~JtB~J/5~5.)) 
X ■ (StN(LAT•6,28!1!~3/~~0.)•TAN(OFCLl+8tN(,87~•6.lBJ1A5J/J6~,))/ 

C i,OS~LAT•~:l8J\A5J/J60:J 
1, ex ;ra, 1:l x•1: 
tr ()( ,LT, •I,) XD•l, 
ZPMP~•t2: + :111,1,J•ARStN(X)•J60 0 /6,28Jt85l 

PSG2 
DSG2 
PSG2 
PSG2 
PSG2 
PSG2 
PSG2 

!Ob 
!07 
!08 
IOQ 

1 t 0 
111 
112 
II 3 
114 
11 S 
11• 
II' 
!!fl 
I 1' 
120 
121 
t» 

"' 12LI 
l'5 
12' 

"' 128 
t?• 
130 
Bl 

"' 1U 
1'.\Ll 
135 ,,. 
1)17 

I '8 
1,0 
140 
141 
1'2 

'"' '" 10~ 
I .. 
147 
148 
I"' 

'" 151 
152 

"' "" I 5' 
t'H1 

"' "' , .. 
"' !bl 
1'2 
I 6 '.\ 
1'4 
16' 
l"O 

"' !bfl 
1'• 
17() 
171 

"' I 13 

"" 175 
!7b 
177 
178 ,,. 
100 
1'1 

"' 1,; 
180 
l'5 
IA& 
1"' 
1e.s , .. 
l'O 
1•1 

"' I., 
I'" 

"' 
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C 

C 
e 
C 
C 
e 
e 
C 

e 
e 
C 
r. 
e 

' ' 
r. 

' e 

' 
' 
' 
e 

' 
' ' 
e 

e 

' 
' 
' 
' 
' ' 
' ' 

DET!llMIN! ZRINT 
e•LL RtNTtzRtNr, TRAIN, ZRAtN, PMDT, PMJDAT, ISEEOl 

nnl!:RMtN!: zn1P 
Cill 1!:VAD 

H!Rfl8 THE RAtN,ALL MOOt,tCATtON 
ZRAIN ■ ,ACTOR•SPRl!:C 

.'\UM~ING Sl!:CTtON 
00 FOLLOWING SUMS FROM oeroe!R 1 

IF(PMJnAT.LT:21o)Gnroqoo 
1,r,Bs{PMJDAT•210) .r.,: PMOr) Go TO QOO 
lRSUMa(l:o 
Zl!:8U,.. ■ 0.0 

qoo 7R8UM•ZRSUM ♦ ZRAIN 
Z!!IUM ■ Z!~UM ♦ 7.EVAP 

tFfNNN ~LT: ~8) GO TO qfO 
wRITna,q30) 
NNN ■ O 

PSG2 
PSG2 
PSG2 
P8G2 
PSG2 
PSG,?. 
118G2 
PSG2 
ll'SG2 
P8G2 
PSG2 
PSG? 
llSG2 
JISG2 
'M2 
PSG2 
J8G2 
PSG? 
llSG2 
llSG2 
llSG2 
PSG2 
OSG2 
P~ltH! 

QIO WRIT!(li,q40)PMJOAT,ZTMAX,lTMtN,ZRH,ZPHP0,ZRAlN,ZRINT,lRSUM,ZSUN 
•;lfVaP;Zl!:SlJM,ZWINO 

PSG2 
PM2 
llSG2 

NNN ■ NNN ♦ t 

q30 ll'QRMAT (' 1 ', 1 PMJOiT lTMAX ZTM?N 
ZS!JN 

PSG2 
ZRA JO!Q2 
lWJNPSG2 

P8G2 
*N ZR!NT lRSUM 
tilt) I; /) 

qljo FORMAT(' ,, liX, !!, Jt4x;,~.2,;5!, F4.!,_J{~X. 15,2), 
• zrsx, ,1.2,, 5x, ,s.2, 5x, ,1.2, 5-x, ,s.z, 

PSG2 
PSC2 
PSG2 
PSQ2 
llSG2 
PSG? 
PSG2 
PM2 
PSQ2 

'" 120 

FlnURN 

!NTRV lINtT 

COMMCN ft~!,TSfAqT,T!ND,OT,DTPR,OTllL, P8G2 
1CAAR(b,8),eAD!ST(b~8),CAD!TH,eAUW8T,eDDL(12,4);eM0(10),eMDX(10), PSG2 
2CMDXX(t01,CNFJ¥,e111so,,eN!OS,CN80MF,eNSOM8,eNSU,,evo!TH(12,4), ll8G2 
3CVLT'R(ll,4);cvPH!N(6,81;evPMS(6},CVR09T(6,lOl,CVTSPR(6,8),evveov,,sG2 
4CWYNF,tWPS!(!O),PMDT,PMDTPL,PMOTJIR;P~,c,s,,MJDAT,PMN;PMNCOM,JIMN8,,•sG2 
5PWK(IO),XAA(li),XAiVWT(4,8),XAiWTCQ),XA'TS(Q),"XA,wTtU),XA~UM~(a:s,,•ss2 
6X,8AC4),XASAWT(U) 1 X,VNG(U),XAVWT{Q),XHSOLT(10);XNMN,XN~OM,;XN80MS,P!G2 
7xv,G(6;5),XV[.tTR!t2,U),XVPLNT(6,~),XVTOTL,XWTMTA(IO),XW8TNO,!A!RT,'8GZ 
S!!VAP,l!SUM,!PHPD,!RAtN,!RSUM,lRM,ZRtNT,ZRJSUM,ZSUN,lTMAX,?TMtN, P9G2 
9ZWYNO ,ss2 

OIM!NS!ON TRAJN(20) 
OIM!NSTON RCH!CKC20) 

W!HTECU,'l'.10) 
1-.'NN ■ fJ 

A!i0(5,710J RCM!CK 
WRtT,(6,110) RCM!CK 

R!AOt5,/) T!!!D 
wRnEt6,n rsr::e-o 

R!AOC5, /) Lil 
WRJTl!:(6,/) LAT 

RfA0(5,/) Pw,,e 
WRIT! U,, I) PWII' ,c 

RfA0(5,/)FiCTOR 
WRTTl".(6,/) FACTOR 

R!iDC5,710) RCM!CK 
WRJTl".(6,720) RCH!CK 

,-QRMH(lOU) 
FORl1AT!1 ,-. 20AIJ) 

CALL INTTTALI?AT?ON 
till !VI"IJT 

JISGZ 
'8G2 
'8G2 
PStU! 
PSGZ 
•SG2 
•scz 
P8G2 
,sea 
PSGZ 
,ssz 
P8G2 
PSGZ 
,saz 
l'SG2 
1t8G2 
J18GZ 
JISG2 
P81Jl 
l'SG2 
P!G,i! 
P8G2 
PSGZ 
l'SG2 
•!G,i! 
JISG2 
P!G2 
P8G2 
PSG,i! 
P8G2 
PBG2 
118G2 
PSG2 
Jl!G2 
PSC:2 
P8G2 
PSG2 
PSG2 

e•LL llT!NI'r 

PSG2 
PSG2 
PeGl 



C 
C 
C 
C 
C 
C 
C 
C 

SUtlROUTINE EVAP 

EVAP CALCULATES POTENTIAL 
TifolfSTEP, IN MM1 

35 

SUBROUTINE EV AP 

!VAPORATlON ,ROM SOIL 8URFACt DURING 

THIS VERSION OF EVAP USES BLANEY CRIDDLE METHOD. 
IT CLOSELY FOLLO~S CALCULATION 00N£ BY GRIFFIN ANO HANKS IN THEIR 
D.B, RESEARCH MEHORANOUH, 

C 
cccccccccccccccccccccccccccccccccccccccccccccccccccccececcecccccccceccc 
C C 
t V4RlABLE DICTIONARV ,oR EV•P C 
C C 
C C 
C A, e, C, Z TfHPORARV VARIABLES USED IN DAVLIGHT C4bCULATtON. C 
C C 
C ARRAYCS,2) P•IRS OF OAT• POINT$ FOR INTERPOLATION BV Fl IN C 
C C•LCULATING SLANEV CRIDDLE FACTOR. C 
C C 
C cvvcov FRACTION OF SOIL SURFACE COVERED ev ANNUAL •ND C 
C PERENNIAL VEGETATION, C 
C C 
C OAL1TE(lb5) ARR•Y INDEXED BY JULIAN DATE • GIVES NUMBER OF C 
C MINUTES OF DAYLIGHT ON THAT JULIAN DATf, C 
C C 
C DLTFR(lb5l •RRAY INDEXED BV JULIAN DAT[ ANO IS ,RACTION OF Y!ARIS C 
C DAYLIGHT WHICH FALLS ON THAT JULIAN DATE, C 
C C 
C Fl FUNCTION WHICH LINEARLY INTERPOLATES BETWEEN PAIRS o, C 
C DATA POINTS TO DETERMINE OEPfNOfNT VARIABLE, C 
C C 
C LAT LATITUDE o, SITE, DEGREES, C 
C C 
C MM FL•G USED ONLY IN CASE PMJOAT IS fVER ZERO, C 
C C 
C NPTS NUM8ER OF PAIRS OF DATA POINTS ACTU•LLY USED IN ARRAY, C 
C C 
C PMOT LENGTH OF TIMESTEP, DAYS, C 
C C 
C PMJOAT JULIAN DATE OF FJRST DAY OF TIMESTEPo C 
C C 
C RCHECK(20) ARRAY USED TO RfAD ANO WRITE COMMENTS IN WITH C 
C PHTI•L DAU, C 
C C 
C TOTHIN MINUTES OF DAYLIGHT lN YEAR, C 
C C 
C ZAIMT AVERAGE TlMESTEP AIR TEHPERATURE, DEGREES CELCIUS, C 
C C 
C ZEVAP POTENTIAL Ev•PORATlON ,oR TIM[8TEP. MM, DRIVING C 
C VAHIA8LE USED BY OTHER SUBMOOELS, C 
C C 
cccceececccccceccecececcceccecccccccccccccccececcccecccccecccccccccccec 
C 
C 

C 
C 

.,. 
1, 
F, 

UVAP•l'1 CUIRT, ARRAY 1, 
lF(PMJDAT .GT, 0) QO TO 
l'MJDAh1 
MM•1 
CONTINUE 

NPT!Sl 
610 

LOOKS LIKE JTtS BEING CHANGED TO DEGREES 

EVAP 
EVAP 
E:VAP 
EVAP 
f.YAP 
EVAP 
fVAP 
!YAP 
EVAP 
ey-,p 
EVAF 
£VAP 
l!VAP 
EVAP 
t!VAP 
fVAP 
EVAP 
EVAP 
€YAP 
EVAP 
EVAP 
fVAP 
EVAP 
EVAP 
EVAP 
EVAP 
l!:VAP 
E.1/AP 
EVAP 
l!:VAP 
EVAP 
EVAP 
[YAP 
EVAP 
EVAP 
EVAP 
EVAP 
EVAP 
EVAP 
EVAP 
EV•P 
EVAP 
EVAP 
EVAP 
EVAP 
EVAP 
EVAP 
EVAP 
El/AP 
fVAP 
El/AP 
EVAP 
EVAP 
EVAP 
EvAP 
!VAP 
EVAP 
EVAP 
EVAP 
EVAP 
£','AP 
£YAP 

lAlRT lN NEXT EQUATION 
THAT18 8[CAU8£ IT Ilt 

l[VAP•Z£VAP•C1,8•ZAIRT ♦ 
CVVCOV•O,O 

li,)•OLTfR(PMJOAT)•C1,•CVVCOV)•25 1 4•PMOT EVAP 

C 
C 

C 

C 

C 

C 

.. , 
l'(MM .EQ• 0) GO TO &60 
PHJOAT•O 
MM•O 
CONTINUE 

RETURN 

ENTRY EV1NlT 

EVAP 
EVAP 
evAP 
HAP 
EVAP 
EVAP 
EVAP 
EVAP 
EVAP 
EVAP 
EVAP 

COMMON TIME, TSTART, TENO, OT, OTPR, OTPL, EVAP 
ICAAR(6,Sl,CADEST(6,8),CAOETH,CAUWST,COOLC12,4),CH0(10),CHOXC10), EVAP 
iCHDXX(lO),CN~tx,c~sOF,CNSDS,CNSOMF,CNSOMS,CN5UP,CVOETHC12,4), EVAP 
lCVLTfR(11,4),CVPH!N(6,8),CVPH8{6),CVROST(6,10),CVTSPR(6,8),CVVCOV,EVAP 
4CWlNF,CWPSl(10),PMOT,PMOTPL,PMDTPR,PM,GPS,PMJ0AT,PHN,P~NCOH,PMN$P,EVAP 
5PWK(10),XAA(4),XAAVWT(4,6),XAAWT(4)1 XAFT&(4),XA,WT(4) 1 XANUM8(41 8),EVAP 
bXASA(4),XA8AWT(4),XAVNG(4),XAVWT(4),XHSOLT(lO),XNMN,XNSOHF,XNS0MS,EVAP 
7xv,G(b,5),XVLITR(12,4l,XVPLNT(b,8),xvTOTL,XWTHTA(lO),xwSTND,ZAIRT,EVAP 
8ZEVAP,ZE8UH,ZPHP0,ZRAIN,lRSUM1 ZRH,ZRINT,ZRISUM,ZSUN,ZTMAX,ZTMlN, EVAP 
qzw1NO fVAP 

DIMENSION ARRAY1(5,l), OALITE(lb5), DLT,R(3b5) 
OIMfNSlON RCHECK(20) 

E.VAP 
EVAP 
EVAP 
EV•P 

001 
002 
003 
oo• 
005 

'" 001 
008 
oo• 
010 
OIi 
012 
Oil 
01• 
01§ 
01• 

'" 018 
01• 
020 
Oil 
0'2 

"' , .. , .. 
026 ,,, ,,. ... 
030 
031 
012 
OH 

''" 035 
016 
OlY 

"' 01• 

'"' o«I 

'"' 0"1 ... 
0"5 ... 
'"' ... ,., 
050 
OSI 
052 
051 os, 
0$5 ... 
'" 058 
os• ,., 
Obi 
002 ,., , .. 
Ob5 , .. ,., 
,.8 , .. 
070 
071 
on 
on 
07' 
075 
01• 
07 7 
078 ,,. 
'" 081 

"' 083 
OB• 

'" , .. 
087 
088 
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INTEGER PMJOA T 
C 

REAL LAT 
C 
C 

READC5,710) RCHECK 
WRITE(b,HO) RCHECK 

C 
RfADC5,I) L • T 
WRITE(b,/l LAT 
~f-"0{5,1) ARR-'-Yl 
wRlTE(O,/l .UUIAYl 
R!A0(5,/)NPTS 
l'l'RlH:(6,/l NPT8 

C 
710 FORMATC20UI) 
120 fl"QRMAT ( I ,, 20A4 J 

C 
C fl'ROM GRIFFIN, 1-fANKS BIOME REPORT 

00 650 1•1, ,., 
A•7l0 0 • 0 27~•LAT+.007ql•(LAT••2) 
B•34•2•,76•LAT+,1•(LAT••2' 
C•I 
Z ■ 2,•l,141b*C(C+265.)/lb5,) 

C LENGTH 011' DAY IN MINUTES 
DALITE(Il~A+B•S?N(Zl 
TOTMJN~DALITE.(l)+TOTMIN .,, CONTJNUE. 

C 
C FRACTION OF DAYLIGHT FOR EACH DAY 

DO bbO I• 1, :S05 
DLTFR(I)•DALITE.(Il/TOTMJN .. , CO"-TINUE 

C 
wRITE(b,681) OALITE 
WRITE(b1 t,81) TOTMIN 

&81 FORMAT(' '. 10F12,S) 
C 

READC5,110) RCHECK 
wRJTE(b,720) RCHECK 

C 
RETURN 
ENO 

SUBROUTINE RINT 

8U8ROUTINf RlNT(ZRlNT, TRAIN, ZRAIN, PMOT, PMJOAT, lSEED) 
C 
C RAIN INTENSITY SUBROUTINE U•10 PAUL LOMMEN 
C RlNT CALCULATES PRECIPITATION INTENSITY IN ~~/HR, 

EVAP 
EVAP 
EVAP 
EVAP 
EVAP 
EVAP 
EVAP 
E VAP 
f.VAP 
E VAP 
EvAP 
EVAP 
EvAP 
fVAP 
EVAP 
l;VAP 
EVAP 
EVAP 
EVAP 
EVAP 
EV.H• 
EVAP 
EVAP 
E VAP 
E. VAP 
EVAP 
EVAP 
EVAP 
EVAP 
EvAP 
EvAP 
EVAP 
EVAP 
E. V A.P 
EVAP 
EVAP 
E VAP 
EVAP 
EVAP 
EVAP 
fVAP 
EVAP 
EVAP 

RINT 
RINT 
RJNT 
RINT 

C 
ccccccccccccccccccccccccccccccccccccccccceccccccccccccccccccccccccccccc 

RINT 
RINT 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

. . ' 
ARRAY(10) 

" 
" 
Fl 

ISEED 

N 

"IPT8 

PARA~ETERS IN HIGH INTENSITY CALCULATION, 

HOLDS UP TO 5 PAIRS OF CATA POINTS FOR lNTERPOLATlON 
SY ,uNCTJON ,1 TN DETERMlNING NORMAL INTENSITY, 

INTERMEOIATf VARIABLE IN HIGH INTENSITY CALCULATION, 

INTERMEDIATE VARIABLE IN HIGH INTENSITY CALCULATION, 

,UNCTION wHJCH LINEARLY INTERPOLATES 8ET~EEN NPTS PAIRS 
o, DATA POINTS, 

INTEGER FROM WHICH RANDOM NUMBERS ARE GENERATED, 

INCE~ OF TIME OF YEAR, IN MIDDLE OF YEAR N•l, 
OTHER TIMES OF YEAR N•2, 

NUMBER OF PAIRS OF DATA POINTS IN NORMAL 
CALCULATION• 

INTENSITY 

POAY1,POAYC BEGINNI"IG ANO ENDING JULIAN OATES OF CENTRAL 
S!GMENT OF YEAR, 

PMOT 

PMJOAT 

LENGTH OF TlMESTEP, DAYS, 

JULIAN DATE OF BEGINNING OF TIME.STEP, 

PREClP AMOUNT ABOVE wHlCH HIGH INTENSITY CAN OCCUR 

C RINT 
C RINT 
C R l'-'T 
C R I1'lT 
C RlNT 
C RINT 
C RI "IT 
C Rlt~T 
C RI t.T 
C RINT 
C RlNT 
C RINT 
C RINT 
C /.!INT 
C R l"-T 
C R INT 
C RINT 
C FUNT 
C RINT 
C RINT 
C RINT 
C RlNT 
C RI NT 
C FUNT 
C RINT 
C RINT 
C R INT 
C RlNT 
C RH,T 
C RINT 
C RINT 

089 
090 
091 
092 
095 
09' 
095 
09' 
097 
098 
099 
100 
101 
102 
103 
104 
105 
10• 
107 
108 
109 
11 O 
111 
112 
11' 

1'" 
115 
11• 
117 
11' 
119 
120 
121 
122 
Ill 
124 
125 

"' 127 

"' 1'9 

"' '" 

001 
002 
oo, 
004 
005 
00& 
007 
008 
009 
010 
011 
012 
01' 
014 
015 
01' 
017 
018 
019 
020 
021 

'" 02, 
024 
025 
02, 
027 
028 
029 

'" Oll 
032 
OH 
034 
015 
01, 

"' 
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C C 
C PA(2) COMPARED WlTM R TO SEE IF HIGH INTENSITY ACTUALLY C 
C OCCURRE00 C 
C C 
C R TEMPOR~RY VARIABLE. SET EQUAL TO RANOOM NUMBER C 
C C 
C RCHECK(20) ARRAY USEO ,oR READING ANO WRITING COMMENTS JN WITH C 
C INITIALIZATION DATA. C 
C C 
C TR TEMPORARY VARIABL!, C 
C C 
C TRAlN(20) DAILY PRECIPITATION AMOUNTS, MM, ARRAY INDEXED BY C 
C DAY OF rIMlST!P C 
C C 
C X TOOAY1S RAIN C 
C C 
C Y TOOAYIS PRECIPITATION INTENSITY, MM/HR, C 
C C 
C YSUM SUM OVER TIMESTEP o, DAILY PRECIP INTENSITY TIMES C 
C ?RfClP AMOUNT, C 
C C 
C ZRAIN TIMESTEP PRECIPTATION,MM, DRIVING VARIABLE USED ev C 
C MATER SUBMOOEL, C 
C C 
C ZRINT RAIN INTENSITY, MM/HR, OR1VING VARIABLE USED BY C 
C WAHR SUBM00EL, C 
C C 
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C 

C 
C 

C 

vsu,oo, 0 

DO '5'50 l ■ l,Pl'IDT 

C IS TODAY'S PREClP 
C Y IS T00AY15 PRECIP INTENSITY 

)(aTRAIN(J) 
C 
C 00 WE HAVE ANY RAIN TODAY? 

lF(lc'. ,GT, 1,£•5) GO TO 100 
C 

GO TO '550 
C 
C IF X LARGE ENOUGH ALLOw FOR HIGH INTENSITIES 

100 JF(X ,LT, PTH) GO TO 500 
C 
C WILL NEED A RANDOM NUHSfR TO DfTERHINE JF WE HAVE HIGH INTENSITY 

R•FIANOO~(U~ED) 
C 
C DIVIDE YEAR INTO Two SEGMENTS, ALLO"ING 01,,ERfNT HIGH INTENSITY 
C PHOBABILITIES IN EACH 
C 
C IN CENTRAL SEGMENT N•l 

N•2 
lF((PMJOAT ,GE, POAY1) ,ANO, (PHJDAT ,Ll, PDAYil)l N•1 

C N NOw TELLS U8 "MICH 8fGH[NT o, YEAR Wf1Rf IN 
C 

IF(R ,GT, PA(N)) GO TO 500 
C GENERATE NEW (SEMI) RANDOM NUMBER 

lhR/PA (N) 

C 
15v TR•8HC1,•R) 

IF(TR ,LE, 1,!•10) TR•l,f•IO 
C 

Y ■ •Bl*ALOG(TR) 

C 
C LIMIT Y TO AN INCH AN HOUR 

IF(Y ,GT, il5,l Y ■ il5, 

C 
C 

GO TO '520 

C NORMAL INTENSITY CALCULATION 
500 Y ■ ,t(PHJOAT, ARRAY, NPTS} 

C 
C 

C 

C 
C 

C 
C 

C 

550 CONTINUE 

1,czRAIN ,LE, 1,E•C) GO TO 570 
ZRINT ■ YSUH/ZRAJN 
GO TO 580 

570 ZRAIN ■ O,O 
ZRINT ■ o.o 

seo 1,((ZRINT*24,•PHOT) ,LT, ZRAJN) ZRlNT ■ ZRAlN/(ilij,•PHDT) 

RETURN 

RINT 
F(f/1/T 
Ril'-IT 
FUNT 
RINT 
RINT 
RINT 
RINT 
RJNT 
RINT 
RINT 
RINT 
RJNT 
RUH 
RINT 
RrnT 
RlNT 
RltwT 
RlNT 
RINT 
RINT 
RlNT 
RINT 
RJNT 
RINT 
RINT 
RINT 
FUNT 
RINT 
RINT 
RINT 
RINT 
RINT 
RINT 
RINT 
RINT 
RINT 
RINT 
RINT 
RINT 
RINT 
RZ,,fT 
RINT 
RINT 
RINT 
RINT 
RINT 
RINT 
RUH 
RINT 
RINT 
RINT 
RlNT 
RINT 
RINT 
RINT 
RINT 
RINT 
RINT 
RlNT 
RU-IT 
RINT 
RINT 
RINT 
RINT 
RlNT 
RINT 
RINT 
RINT 
RINT 
FUNT 
FUNT 
RINT 
RINT 
RINT 
RINT 
RJNT 
RJNT 
RJ~T 
1:Ur-.tT 
RINT 
RINT 
F(JNT 
IH"'iT 
RINT 
RJNT 
RlNT 
j:j I NT 
RINT 
RlNT 

038 ,,. 
'"' 001 
0'2 

'"' 044 
04' ,.. 
0'7 
048 
049 
050 
OS! 
052 ,s, 
054 
055 ,.. 
057 
058 
os• ,., 
Obi ,., 
0bl 
Ob4 ,., , .. 
Ob1 ,., ,., 
070 
071 
072 
071 
074 
075 
07b 
077 
078 
079 
080 
081 ,., 
"' 084 
085 ,.. ,., , .. 
089 
090 ,., ,., ,., ,.. , .. 
09b ,., , .. , .. 
!DO 
!DI 

"' !OJ 
!04 
105 
10• 
!07 
I 08 
109 
11 0 
!I I 
I !2 
I 13 
I 1' 
115 
11• 
117 
!18 
I 19 
!20 
1'1 

'" 1'3 
124 
12' 
1•• 

"' 
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C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 
C 

C 
C 

ENTRY RllNlT 

OlMfN!lON PA(2), ARRAY(lO), RCHECKC20) 

600 
610 
,20 
6 JO 

DIM£NSION TRAIN(20) 

INTEGER P~OT 

REAOCS,&00) RCHfCK 
WRITE(b,010) RCHECI< 
WRITE(b,UO) 

REAOCS,bOOl RCHECK 
l'IRl TE (b,'110) RCHECK 
RElO{S,/l PTH 
WR1T!(b~b20) PTH 
wRITECb,blO) 

READ(S,000) RCH!CK 
"RITECb,010) RCHECK 
IH'.ADC5,/) PDAY1, POAY2 
WRITE(b,bZOl PDAY1, 
1t1R1TE(b,UO) 

REA0(5,b00) RCHECI< 
WRITE(ti,610) RCHECK 
RH0(5,/l ARRAY 
l'IRITE(ti,bi'O) ARRAY 
WRif((b,UO) 

REAOCS,600) RCHfCK 
WRITE(b,C10) RCHECK 
REA0(5,/l NPT8 
l'IRlTE(b,biO) NPT8 
l'IRIH.Cb,EtlO) 

R!AOC5,000) RCH!CK 
WRlTECb,610) RCHECK 
RU0(5,I) " WAITEC&,bZO) " WRIT!Cti,blO) 

R!A0(5,.00) RCHECK 
WRlTE(ti,blOl RCHECK 
RUOC5,/l ,, 8 
WRlTEC0,020) •• • WRITE(ti,UO) 

bA.•O,Ol•!:1/A 
tH1125,'1/f! 
.,RITE(6,•I) "' 81 

REAOCS,600) !<CHE('< 
>1RJ H {1>, 610) il(l-lE(P,: 

wR I TE {6,630) 
wkITE(6,6l0) 
nRITE(b,blOl 

F0R"'AT(2044) 
FORMAT( 1 ' ' 20Ail) 
FOii~AT{IOFl2,5) 
FOR~AT(! ' ) 

RE TUl<N 
tao 

FUNCTION IPROB(A,N) 
DIMENSION A(l) 

P0AY2 

COMMON /SU~NY/ JYEST,ISEEO 
X•R•NOOM(ISEED) 
00 1 I•l,N 
l' C•CI) ,GT, X) GO TO 2 

001 CONTINUE 
002 IPR08•I 

RETURN 
END 

FUNCTION IPROB 

RI NT tl8 
RINT "' RINT 1'0 
RINT Ill 
RINT 13' 
RINT IH 
RH1T ,,. 
RlNT 1'5 
RINT ,,. 
RI 11/T "' RltwT 1'8 
RI lliT "' RlNT 100 
RINT 141 
RINT 14' 
RINT 143 
RlNT 14• 
RINT 1'5 
RINT t.4b 
RINT 147 
RINT 148 
RINT 1•• 
RINT I 50 
RINT I 5 I 
R z ,-.r 152 
r,UNT 15' 
RINT ts• 
FUNT 155 
RINT 15• 
RlNT 157 
RINT 158 
RUH "' RINT 100 
RlNT 1•1 
RINT ,., 
RINT "' RtNT "" RINT 1'5 
AINT 1•• 
RlNT lb7 
RINT lb8 
RINT 1•• 
FUNT 170 
RINT I 71 
RINT 172 
RINT 171 
RZ,.il "" RINT 175 
RINT "' R J NT 177 
RJNT 178 
11 INT "' RINT 180 
RI NT I 8 I 
RINT I 82 
RINT I 83 
HINT "" RlNT IB5 
RINT 186 
RINT "' RINT 188 
RINT 18' 
R l ,-. T 190 
RINT 1'1 
RlNT 1'2 
RI "'T "' RI 1-(f I'" 

IPROB 01 
IPROB 02 
JPRQB 03 
lPROB Oli 
lPROB 05 
lPROS Ob 
IPROB 07 
IPROB 08 
I PROB oq 
IPROB 10 
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FUNCTION RNOR 

FUNCTION RNOR(IRl 
C THIS FUNCTION COURTESY OR, REX HUR!T, DEPT. COMPUTER SClENC! AND 
C APPLIEO STATISTICS, UTAH STAT! UNIVERSITY, LOGAN, UTAM 84122 

SSET OWN 
DATA I/0/ 

$RESET OWN 
IF (l 1 1.T. 0) GO TO 30 

010 X•i,*RANOOM(IR)•1, 
Y ■ 2,*RANOQM(IR)•l, 
S ■ X*X+Y•Y 
1, ca ,GE, 1., GO TO 10 
S ■SQRTC•2,*ALOGC8)/Sl 
RNORsUS 

ssn owN 
QD2•Y•S 

SRESET OWN 
l • I 
GO TO 40 

010 RNQRsGQ2 
l •O 

040 RETURN 
ENO 

LITERATURE CITED 

GRIFFIN, R. A., R. J. HANKS, and S. CmLns. 1974. Model for 
estimating water, salt, and temperature distribution in 
the .soil profile. US/IBP Desert Biome Res. Memo. 74-61. 
Utah State Univ., Logan. 12 pp. 

RNOR O 1 
RNOR 02 
RNOR OJ 
RNOR 04 
RNOR 05 
RNOR Ob 
RNOR 07 
f.lNOR 08 
RNQR 09 
RNOR 1 0 
RNOR 1 l 
RNOR 12 
RNOR l! 
RNOR 14 
RNOR 1 S 
R"'IOR lb 
RNOR 17 
R,.,.OR 18 
RNOR 19 
RNOR 20 
RNOR 21 
Rt-.OR c2 
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B. HEAT 

P. W. Lommen 

GENERAL DESCRIPTION OF THE 
HEAT SUBMODEL 

This submodel determines average temperature during a 
time~step for each soil layer. Soil temperature information is 
needed by VEG in determining root respiration rates, by 
DCMP in determining decomposition rates and by WATER 
in checking if the soil is frozen. Temperature determinations 
more frequent than once each time~step (generally 4 days) 
would be more accurate but, given the overall model 
objectives, not likely to be more useful. 

The approach used is very similar to that of Hanks et al. 
( 1971). The soil surface temperature is taken to be the mean 
daily air temperature at 2 m for the time~step ( determined in 
the weather submodel). The temperature at the bottom of the 
profile (60-cm depth was used for the Curlew Valley 
simulation) is set equal to the mean air temperature for the 
previous 30 days (adapted from the approach of Beckman et 
al. 1973). Once these boundary conditions are established 
the temperature profile is determined by the solution of 
Equation B-1: 

where 

T 

z 
a 

'JT d <JT at = az (cr az ) (B-1) 

the soil temperature at a given point at a given 
instant of time, °C; 
time, day; 
depthinsoil,cm; 
soil thermal diffusivity (the ratio of thermal 
conductivity, cal·cm-1.day- 1·°C- 1, to specific 
heat, cal·cm- 3 ·°C- 1

), cm 2 /day. 

41 Modeling 

This differential equation is converted to a difference 
equation for computation. A set of nodes is introduced in the 
soil profile (at Curlew Valley the depths of these eight nodes 
are 0, 3, 10, 20, 30, 40, 50 and 60 cm) and the Crank
Nicholson iteration scheme (Richtmyer 1957) used to 
generate N-2 equations with N-2 unknowns. N is the 
number of soil nodes and the N-2 unknowns are the 
temperatures at all except top and bottom nodes. A tri
diagonal matrix method of solution (Richtmyer 1957) is then 
applied to the N-2 equations. 

DISCUSSION 

Thermal diffusivity is assumed to be independent of soil 
water content. Because of the boundary conditions and the 
relatively long time-step used ( 4 days for Curlew Valley), soil 
temperatures turn out to be fairly insensitive to the values 
used for thermal diffusivity. Values for thermal conductivity 
and specific heat were taken from Hanks et al. (1971). 

CunLEW VALLEY IMPLEMENTATION 

Thermal conductivity is equal to 86.4 cal·cm- 1•day- 1•°C- 1 

throughout profile (Griffin et al. 1974). Specific heat, taken 
from the same source, is 0.3 cal·cm- 3 ·°C- 1 throughout 
profile. The set of eight soil nodes at depths of 0, 3, 10, 20, 
30, 40, 50 and 60 cm was chosen with a number of factors in 
mind: l) almost all roots occur in the first 60 cm; 2) variations 
occur very slowly at 60 cm; 3) caliche layer depth is about 60 
cm (the water submode! uses these same nodes; 4) 10-cm 
increments are convenient to work with, 

PROGRAM DESCRIPTION 

Only the important segments of the code in the program 
listing are shown and described. Sequence numbers are 
shown to aid in reference to full code listing which follows the 
program description. All comment cards, specification 
statements and bookkeeping sections have been left out. 
Almost all initialization has been deleted also. Definitions of 
variable names may be found in Table B-1, which also 
appears at the beginning of the program listing. 
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CHO<ll)) 

CH')X(10) 

CHDXXCtO) 

OBG fL G 

O[ 13 UG 1 

OT 

f"TAVE(PNOT.IO 

PHCVUO > 

PHI(( 1 J) 

Pl10 T 

P11JOA T 

PNN 

rn-.Ha> 

TH8'1V > 

THC(l,J) 

THCCCC20) 

THO(\,,) l 

THMR 

THTA(lO) 

THT8( lOl 

THTHH10) 

THTH3(l0> 

THU< lO l 

TSU.RT 

XHSOUOO> 

ZA! RT 

ZH~IRT<3l> 

42 

Table B-1. Variable dictionary for HEAT 

~EPTH TO SOIL NODE• Cl1. 

THICKNESS or LAYER AROUND NODE. COUNTING FRON 2ND 
100£,. CM. 

~ISTANC[ BETWEEN ADJACENT HODES. CHOXX(I) = CHO(l ♦ l) 
• CHO(I>• CH. 

Tf=.TRUE. WRITE DEBUGGING INfORHATION THIS TINE STEP 

~UMBER Of Tl11[ STEPS B[JWEEN DEBUGGING OUTPUTS 

=PHOT. LrNGTH or TIHE STEP· DAY. 

•UNCTION TO AHR,1,,GE PREVIOUS N OAYS• AIR fEHPE.RATURES 
qy AVERAGING APPROPRIATE NUHBER Of PREVIOUS Tl11E 
'HEP AVERAGE TEMPERATURES. 

~PEC[FIC HEAT Of SOIL LAYER. (REHEHBER. 1ST LAYER 
TS CENTERED ON 2ND NODE~> CAL CH-3 t•l 

"H£RHAL CONDUCTIVITY Of SOIL B£1'WEEN NODES• 
{1ST VALUE IS FOR REGION 6ETWE(N NODES 1 ANO 2>• 
~Al CN•t OAY•l C•l• 

tENGTH Of TIME STEP• DAY. 

JULJAN DATE OF BEGINNING OF TIMSTEP. 

~UMBER or SOIL NODES. 

THA.(IJ IS THE NEGATifE OF THE COEFflCIENT OF 
"HU<I•l> IN fHE ITH EOUATION IH THE SET OF 
C:OUATIONS TO SOLVE fOR Tit£ THU A.RRAY. 

THB<I> JS THE COEFFICIENT Of THUU> tN THE ITH 
~OUATION IN THE SET or EOUAT[ONS TO SOLVE fOR THE 
fHU ARRAY. 

'f'HC(I) JS THE NEGATIVE or THE COEFFICIENT or 
THU<l•l) IN THE ITH [OUATION IN TH[ SET Of 
rouATIONS TO SOLVE fOR THE THU ARRAY. 

\N ARRAY USED TO REAO ANO NRtTE COHHENTS. 

THO(I} IS THE CONSTANT. RIGHT HA.NO SIDE or THE 1TH 
"0UATION IN STHE S£1' or [OUATIONS TO SOLVE FOR THE 
THU ARRAY. 

\N INTEGER EOUAL TO TH[ LARGEST NHOLE NU"BER or 
'tlNESTEPS IN 30 DAYS. 

- REAL VARIABLE EQUAL TO TH11. 

T[KPERATUll:E or SOIL NODES AT BEGINNING or Tl11ESTEP .. 
f')(GRHS c. 

TE!!PERATURE Of SOIL NODES AT EffO or TIHESTEP. 
"IEGRHS C. 

TEKPORARY A.RRAY USEO IN CALCULATING HATRJX 
.-LEHENTS IN CAll TO TRI-DIAGONAL HA.TRIX SUBROUTINE. 

~NOTHER TEHPORARILY USED ARRAY FOR CALCULATING 
~ATRIX ELEMENTS IN CALL TO TRI•OIAGONA.L HATRIX 
",UBROUTl!fE. 

THIS ARR-.V CONTAJNS'THE TEHPERATURES or THE INNER 
~ODES (2 THROUGH PHN•H AT THE ENO Of P110T .. THESE 
TEHPERAJURES ARE THE SOLUTIONS OBTAINED BY THE 
TRI•OIA.GONAL NATR[X SUBROUTINE. 

TIME AT START or TI11ESTEP. EOUA.LS TSTART PlUS 
(NUMBER Of TIMEST[PSl • PNOT 

JULIAN DA.TE or BEGINNING Of SIMULATION 

\VERAG[ TEMPERATURE OF SOil NOOE DURING PHOT• 
!)EGRHS C .. 

\VERA.GE AIR TEMPERATURE FOR PRESENT TIHESTEP., 
!)[fERHIHEO 8Y PSWG• DEGREES Co 

~OLDS THK PRESENT ANO PAST TINE STEP AVERAGE AIR 
'f'EHP[RiHURES. ZHAIRT<1) HOLDS PRESENT Til'1E STEP 
T[KP. lHURT<2l HOLOS PREVIOUS TINE STEP TEHP• [TC. 



NfH"(.,.THHt1 
16 ZH4tRT(NTHH).,.1HAIRT(N1'HK'"'l) 

NTHN,.tfTHK•l 
tr<NT!tH .GE. ?) GO TO HI 
ZIUIRT(lJ:rZAllfT 

THT8(Pt,IN )::::Ff A fE ( PM0T • 30) 

28 00 30 I"' lto Pl(N•2 
30 THO(I)., THTAU) • THTHACI) • THU.(I ♦ l) • 

• <THTH8(1) • THTHA(I) • THTH'1.((•1) ) • JHTA<I+2J 
THQ(l} ~ THD(I) • THT8(1) • THTHA(t) 
THO(PMN•2) 2 THO(PMN•2> + tHTB(PMNJ • tHlHA(PMN•l) 

CUL T0MOHA .. TH8 .. THC .. mo .. THU• PltN-2) 

DO 32 I 2 hP1tN•2 
32 TNTQ([♦ t) "' tJ.fU<I) 

00 34 l::t•P"N 
34 XHi0LTUJ" (THU(I> + THTBO» / 2• 

43 Modeling 

HEAT 195 

Assume surface temperature equals average air tempera
ture for time-step. 

HEAT 200 
HEAT 201 
HEAT 202 
HEAT 20J 
HEAT 204 

Variable NTHM is essentially a DO loop index which 
decreases by one each time (Burroughs FORTRAN doesn't 
accept negative DO loop increments). This loop shifts 
temperature in ZHAIRT, dropping the oldest time-step 
temperature from ZHAIRT (THM + 1) and loading present 
temperature in ZHAIRT (!). 

HEAT 206 

Set the temperature of the bottom node equal to the 
average temperature of the previous 30 days. Accomplish 
this using function FT A VE. 

lHTHA<I+l) 

HEAT 223 
HEAT 224 
HEAT 225 
HE AT 228 
HEAt 22? 

Calculate the right-hand sides of the PMN-2 difference 
equations. For details see "Derivation of Difference 
Equations." 

HEAT 23? 

TDM is the subroutine which solves PMN-2 equations 
for PMN-2 unknowns (temperatures at nodes 2 through 
PMN--1). The equations are of the form: 

The Us (or THU's) are the temperatures determiued by 
TDM and returned to HEAT. For more information see the 
detailed program description of subroutine TDM. 

HEAT 24& 
HEAT 247 

Load THU array, just determined by TDM, into the 
appropriate places in the THTB array. 

HEAT 250 
HEAT 251 

Make XHSOLT the average temperature at the soil nodes 
during PMDT. 
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ENTRY HINtr 

RE,_0(5•MlTHC~C 
lfRITE(6•8l> 
lfR l TE (6• 821 THl':C C 

RE.40(5.80>THCJ;C 
lfR l TE (6,82) TH!;C C 
REAO<S•/ )CHO 
lfRITE(6•84)CH!') 

RE A0(5, 80 JT HC!;C 
WR [T£(6,82)THt;CC 

00 110 l:=l• PMl1• 1 
110 CHDXXO)i:CHD<hl)•CHO<I) 

Tll!t.,30. / PNO'f 

DO 1"0 J::1•P~"t-1 
THfHA(l )::1PHK(1') /CHOU(!) 

HO THJHB<I)::2.•PlfCY(t>•CHOX(IJ / PNOT 
DO 160 I"'t.PNlf-2 
THA(I):: THTH-(1+1) 
THiHI) :11: THTH'Hl) ♦ THTHA(I) + IHTHIHl+t> 

160 T}fC<ll=THTIU(U 
TH.UPMN-2)"'0• 
THC<l)i:Q. 
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HEAT 274 

HEAT INITIALIZATION SECTION 

Initial data are read in and written here. Also, 
calculations which need to be done only once each run are 
done here. 

HEAT 281 
HEAT 282 
HEAT 283 

First, a comment card is read (THCC is used only to read 
and write comments). This card is intended to be a general 
comment about HEAT, e.g., INITIALIZATION DATA 
FOR HEAT. Then come four spaces and this comment is 
written. 

HEAT 265 
HEU 286 
HEAT 287 
HEAT 268 

Another comment card is read and written, saying 
something about CHD (the depths of the nodes). The last 
characters on the card are the dimensions of the variable. 
Then values of the variable CHD, dimensioned 10, are 
read in and written. 

An analogous procedure is then followed for reading in 
CHDX, PHCV, PHK, XHSOLT and ZHAIRT. 

HEAT 317 
HEAT 318 

Finally, a comment is read and written, which says 
END READING INITIAL VALUES FOR HEAT. 

HEAT 328 
HEAT 329 

This array is simply the distances between adjacent soil 
nodes. 

ffEAT 338 

THM is an integer equal to the largest whole number of 
time-steps in 30 days. 

HEAT 342 
HEAT 343 
HEU 34" 
HEAT 347 
HEAT 348 
HEAT 349 
HEAT 350 
HEAV 35-1 
HEAT 35-2 

These calculations load arrays THA, THB and THC for 
use when the tridiagonal matrix subroutine (TDM) is called. 
Since there is no water dependence on specific heat or 
thermal conductivity, these arrays do not change during the 
run and can be calculated just once. For details see 
"Derivation of Difference Equations." 



!SET 
tSET 

C 
C 

SEPARATE 
OWN 
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COMPLETE PROGRAM LISTING 

HEAT 
HE AT 
HEAY 
HEAT 

suaROUTINE HE\T HEAT 
C HIii 
C SOIL HEAT PROF'ILi:: SU8140DEL or DESERT 810HE WATER RESPONSE l'IOOEL HEAT 
C H-RC~ 1976. WRITTEN 8YJ PAUL M~ LO~HEN HEAT 
C ECOLOGY CENTER" UHC 52 HEAT 
C UTAH STATE UNIVEHSITV HEAT 
C LOGAN., UTAH " 86i?l22 HEAT 
C HEAT 
C HIii 
CYVYWWVVfVYYVVVVVVVfVVVVVVVVVVVVVVVVVVVWVVVYVVVVVVVVVVVVVVVVVVVVVVVVVVVVHEAT 
CVVVVYVVIYYVVVYVVVV~VVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVYVVVVVVVVVVVHEAY 
C HEif 
C VARl\8LE DICTIONARY FOR HEAT HEAT 
C HEAi 
C HEif 
C CHOC\0) l')(PTH TO SOIL NODE,. Cl'!.. H£Ai" 
C H£AT 
C CHOX(10) THICKNESS OF UVER AROUND NODE .. COUNTING rROM 2ND m.:nr 
C '400E• CH., HEH 
C HfA1 
C CHDXX<10) 'HSUNCE BETWEEN ADJACENT NODES,, CHOXXCI>"' CttO(l ♦ l) Hf:Af 
C • CHDCIJ• CK. HEAT 
C HEIi 
C OSGfLG TF•.TRUE. WRITE OEBUGGING INFORMATION THIS TIME STEP HEAT 
C HEAi 
C OE8UG1 '4UNBER or llP'fE STEPS BETWEEN DEBUGGING OUTPUTS HE/l.T 
C HEU 
C OT =PP'fOT. LENGTH or TIME STEP. DAY. HEAT 
C NEIi 
C rr-YE(PMDT.H) ~UNCTION TO AVERAGE PREVIOUS N DAVS9 A!R TEttP£RATURESHEAT 
C ~y AVERAGING APPROPRIATE NUMBER Of PREVIOUS HHE HEAT 
C ~TEP AVERAGE TE~PERATURES. HEAT 
C HEAT 
C PHCY(lO) ~PECIFIC HEAT or SOIL LAYERP (RfMEMBf.RP 1ST LAVER HEAT 
C fS CENTERED ON 2ND NOOEo) CAL Clt-3 C"1 HEAT 
C HEAT 
C PH~(lJ> ~HERNAL CONDUCTIVITY Of SOIL B[fij££N HOOESP MEAT 
C (1ST VALUE IS FOR REGION BETWEEN NODES 1 ANO 2l• HEAT 
C !'.'.Al CN-t DAY-l C-le HEAT 
C NAT 
C PNOT lENGTH or HNE STEPP OAYo MEAT 
C HEAi 
C PNJDH IULIAN DUE Of BEGINNING Of TIHESTEP.. HEAT 
C HEif 
C P""f "fUHBER or SOIL NODES. HEAT 
C HEAT 
C THlli(lJ) THAU) rs THE NEGATIVE Of fKE COEHIC[Etll Of HEAT 
C THU(I ♦ t) IU THE ITH EOUATION IN iHE SET or HEAT 
C ~QUATIONS TO SOLVE fOR THE THU ARRAY~ HEAT 
C HEAT 
C TH8(lO) fHB(I) IS THE COEFFICIENT or THU(I) IN THE ITH HEAT 
C ~QUATION IN THE SET OF EQUATIONS TO SOlVE FOR THE HEAT 
C TI-IU ARRAY. HEAT 
C HEAY 
C THC(10) THC(t) IS THE NEGATIVE Of THE COEHiC!i'.EHT Of' 1-a:1rr 
C THU<I-1) IN Tift 1TH EQUATION IN THE SET or HEAT 
C ~QUUIONS TO SOLVE F'OR THE THU ARRAY~ HE!i.T 
C HEAT 
C THCCC(20) \N ARRAY USED TO READ ANO ijRtTE COMNENTS~ HEAY 
C HEAT 
C THO<tO) T'HO(I) IS THE CONSTAfff., RIGHT HANO SIDE or THE ITH HEAT 
C C::QUATION IN STH[ SET or EQUATIONS TO SOLVE FOR THE HEAT 
C 'HU ARRAY.. ttE/\T 
C H(AT 
C TH" ,N INTEGER EQUAl TO THE LARGEST WHOU: NUMBER OF HEAT 
C '1MESTEPS IN JO 0OS.. HEAT 
C ttEAT 
C TH~R \ REAl 10,flUBLE EQUAL TO THl'lo HEAT 
C HEAi 
C THYA<lO) TEMPERATURE or SOIL NODES AT BEG!NNlHG Of TIME.STEPP HEAT 
C rtEGREES c.. HEAT 
C HEif 
C THT8(l0) TEMPER~TURE Of SOIL NODES AT ENO or TIMESTEP9 HEAT 
C r,(GREES c~ HEAT 
C HEAT 
C THTHAUO> TEHPOIURY ARRAY USEO IN CALCULATXMG WATRIX HEAT 
C "LEHENTS IN CUL TO TRl"OUGONAL t111.rntx SU8ROUTINEo HEAT 
C HEAT 
C THTH!HtO> \NOTHER TENPORARILY' USED ARRAV FOR CALCULATING HEAT 
C ~ATR[X ELE"ENTS IN CALL TO TRI-DIAGONAL MATRYK HEAT 
C ~UBROtJTINE.. HEAT 
C HEAT 
C THU<lO> THIS ARRO CONTAINS THE TEMPERAYURES OF THE INNER HEI\T 
C JfOOES (2 THROUGH PHN-1) AT TME END Of P~OTo THESE MEAT 
C TEHPEUTUR[S Ut( HIE S0lUTI0~S 08fAlliEO BV THE HEAT 
C TRI-DIAGONAL HATRIX SUBROUTINE.. HEAT 

001 oo, 
003 
004 
005 
OOG 
007 
008 
009 
010 
OH 
012 
013 ... 
015 
0iG 
01? 
016 
0!9 
020 
021 
022 
02' 
024 
025 
026 
02' 
028 
029 
030 
031 
032 
033 
034 
035 
036 
037 
038 
039 
040 
041 
042 
04' 
044 
045 
046 
047 
048 
04? 
050 
051 
052 
053 
054 
055 
056 
057 
058 
059 
060 
061 
062 
063 
064 
065 
066 
067 
068 
069 
070 
07! 
072 
013 
07' 
075 
076 
077 
078 
079 
080 
081 
062 
063 
084 
085 
086 
087 
088 
089 
090 
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C HEAT 091 
C Tl~E T[NE AT START Of TIHESTEP.. EQUALS TSTART PlUS HEAT 092 
C (NUH&ER Of TtHESTtPS) * PMOT HEAT 093 
C HEAT 094 
C TSTUT JULIAN DATE Of BEGINNING OF' SIMULUION HEAT 095 
C HEAT 096 
C XHSOLTUO> \VERAGE TEMPERATURE Of SOIL NOOE DURING PHOT,. HEAT 097 
C .,EGREES Co HEAT 098 
C HEAT 099 
C ZAIRT 1.VERAGE AIR TEMPERATURE FOR PRESENT TIMESTEP.. HEAT 100 
C .,ETERHINE'.O BY PSWG .. DEGREES Co HEAT 101 
C HEAT 102 
C ZHUR1(30 ~OLDS THl'f PRESENT ANO PAST THIE STEP ,.HRAGE AIR HEAT 103 
C TEMPERATURES.. ZHAIRT<1 > HOLDS PRESENT TIHE STEP HEAT tor. 
C f(l4p., lHAIRTC2) HOLDS PREVIOUS T(HE STEP TEHP• ETC.HEAT 105 
C HEAT 10& 
C HEU tor 
CVVVVYVVVVVVVVVVVVVfVVV~YVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVYVVVVHEAT 108 
CVVVVVVV-VVVVVVVVVVVYVVVVVVVVVVVVVVVVVVVVYYVVVVVVVVVVVVVVVVVVVVVVVVVVVVVHEAT 109 
C HEATllO 
C HEAT 111 
C HEAT 112 
C BRIEF DESCRiPTIO'f ANO HAIN ASSUHPTIONS HEAT 113 
C HEU 114 
c OHi:: .. FOR SOIL suqfACE TElfPERATURE I"ll USE THE KEAN OAllY TEMPERATUREHEAT 115 
C OR HAVE A HEASUR!:'.D OR SMUU,TED TEMPERATURE READ INo tF DESIR£0 AH ttEU 116 
C ENERCif BALANCE A0 PR0t\CH HIGHT BE BETTER• AUHOUGH R., J. HANt<S HEAT ltT 
C THOUGHT THAT WOUlO 6E PRETTY HAIRY ANO HENCE PROBABLY NOT WORTHWHILE HE,.T 118 
C roR us (R[f. w.t. .. BECKfllAN, J.,w., HifCHEll• ANO w .. p .. PORTER .. 1973. HEAT 119 
C THERIU,l MODEL FO" PREDICTION OF A DESERT IGUANA•S DAILY AND SEASONAL HEAT 120 
C BEHAVIOR• TRANS. ASM(• SERIES C 95• 257-262 .. ) HEAT l21 
C HEAT 122 
C TMO .. FOR THERMAL OlffUSIVITV I'll ASSUME n•s INDEPENDENT or MATER HEAT 123 
C CO,.TENT. BOTH H!:'.AT CONDUCTIVITY ANO HEAT CAPACITY HAVE A DEPENDENCE HEAT 124 
C ON NATER CONTENT BUT Olff"tJSIVITYo THEIR RATIO HAS DNtY A WEAi< NATER HUT 125 
C OEPENOENCE CR. Jo HANnS, PERSONAL CONMUNICATIONS 5-24•7~). HEAT 126 
C IF DESIRED WE CA~ INCLUDE WATER AS IN RoJ., HANKS• o.o. AUSTIN• HEAT 127 
C ANO w.r .. ONDRECH!:'.NP 1971• SOIL TEMPERATURE ESTIMATION 8Y A HUMERICAL HEAT 128 
C "ETHOO. SOIL S~t. SOCo AM. PROC. 35• 66S. THEY GIVE A HEAT 129 
C SIMPLE RELATIONS"tlP BETWEEN HEAT CAPACITY ANO M4TER CONTENT. HEH 130 
C roR IIEAT CONOUCfUITY THEY USE METHOD Of OE VRH:s .. O.A ... 1963.. HEAT 131 
C THERMAL PROPERTI~S Of SOTLS. CHAPTER 7 IN PHYSICS or PlANT HEAT 132 
C ENVIRONMENT• ED. BY VAN WIJK. JOHN MILEY ANO SONS, INC ... NEW YORK. HEAT 133 
C HEAT 134 
C THREE• fOR THE BflTTON BOUNDARY CONOITIONo l"lL SAY fOR NOW THAT THE HEAT 135 
C son JENP[RATURE AT ;&O CJII EQUALS THE IIEAH '10NTHlY AIR TEMP[RUURE ATHEAT 136 
C 2flll (MITCHELL ET \L •• OPo CITo• ANO OE VRIES• OP .. CIT .. ). HEAT 137 
C HEAil~ 
C THE PROGRAtl IS f'KEN PRETTY ~UCH FROM ff.,J., HAHl(S., Q,.O. AUSJ IN• HEAT 139 
C AND w.T. OHDRECH~N. 1911• SOIL TEMPERATURE ESTIMATION BY A NUMERICAL HEAT 140 
C "ETHOO. SOIL SCI o SOC., Mt. PROC., 15~ &65.. HEAT 141 
C OCCASIONAL INSPl"ATION IS TAKEN FRON HANKS• R.J .. o ANO S.,A. HUT 142 
C BOMERS. 19&2. NU~ERICAL SOLUTION or THE MOISTURE FLOW EQUATION FOR H[Af 143 
C INTILTRATION IN lAYEREO SOILS. SOIL SCI., SOC. Al4£R., PROC. 2~,530•534HEAT 144 
C TH£ fINAl PRODUC~ IS CONCEPTUALLY AlNOST THE SAME AS TH( TEHPER,.TURE ffEAT 145 
C SECTION OF R.A. GRiffINo R$Jo HANKS .. ANO s. CHILDS• 1973• HODEL HEAT 146 
C roR ESTIMATING W~TER• SALT, ANO TEMPERATURE OISJRlBUTION (N THE SOil ffEAT 147 
C PROFILE. US/IBP ,.,£SERT BtoME PROGR,.N PUBLICATION USU• LOGAN• UTAH. HEAT 148 
C HEAT149 
C THTS ROUTINE HUST SE CALLEO AFTER THE \:!ATER SUBROUTINE If A THEU HEAT 150 
C OEPENaENCE ON ori:-rusUITY IS TO BE INCLUDED.. HEAT 151 
C THIS DEPENDENCE TS NOT r-rnw INCLUDED HEAT 152 
C HEAT l!iJ 
C rolt NOW THE T[NP~RUURE Of THE WATER HOVING BEHIEEN UVERS HEAT 154 
C IS Nor CONSIOER[ij IN THE TEMPERATURE or THE LAYER. NO VAPORIZATION HEAT 15S 
C OR CONOENS,.TION rrrrc,s ARE INCLUOEO EITHER. HEAT 156 
C HEAT 157 
C ~U15B 
C ~015? 

CONNON TIME•TSIART•TENO .. oT .. OTPR,OTPL, HEAT 160 
tCAAR(6.8).,CAO~ST<6•8>•CAOETHoCAUWSTPCH0(10)•CHOX(tO)•CHOXX(tO)., HEAT 161 
2CNftx.cNsor .. c~SOSPCNSO~r .. cNSOtts.CNSUPPCVDETH(t2 .. 4),CYLTfR(lt.4) .. HEAT 162 
JC'tPH(N( 60 6) .c 9P HSH ).CVROST(6p 10), CVTSPR( 6• 8 >.cw INf., CMPS t (l O ,. HE AT 16 l 
4PHOT•PHOTPL•P~OTPR-PMrGPS.PHJOAT•PHN,PNNCOH•P~NSP, HEAT 164 
'5X A ,u41 .. X UV MH4 .. e ), xu.w T( 4 > P XAF TS( 4)., XAfWTC 4 )c,X AHUMB u. eh HE AT 165 
6XA5AUhXASA.Wf( Ii hXAYlofG(4 >• XAYNTC4 >• XHSOl T( 10)., XfMNo XNSOMF"• XNSOHS•HEU 166 
TXPAB5•1PLBP•XPP04~X¥fG(6•5)PXVLITR(12•4).,XVPLNT(&.,6)•XVTOTL• HEAT 167 
sx M fHT A.( 10 h xwc;r NOP Z URT., ZE\I' AP .. Z ESUM .. ZPHPO• ZR AJN. ZR SU lhZRH .. ZRI NT P HE AT 168 
9ZRISUM•ZSUNoZTHAXrZTMtN,ZN[NO•CDOL(l2•4> H[AT 169 

C HEAT 170 
COHNOM/06/DEBUG1POEBUG2,DEBUG3 HEAT 171 

C HEU 172 
C FT 15 IN COHl'ION \fl TH FT AVE HEAT 173 

C 

C 

C 

COHHON/FT/ZHAtRT<ll) HEAT 174 

I NT EGER PMN., TH M 

LOGICU OBGFLG 

OINENSIDN PHCV(10>• PHK(lO)• THTA(lO>• THTBC10>• THA<tO>• 

HEAT 175 
HEAT 176 
HEAT 177 
HE AT 178 
HEAT 179 
HEAT 160 
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• THB<lOl• THC(lO>• JHOCtO>• THUClO>• THTHA(lO>• tHTHB<lO> HEAT 
• • THCCC<ZO> HEAT 

C HEAT 
C HEAT 
CTIIIIIIIIIIIIllltlTl!IIIIItlIIIIIIIIIJIIIIIIIIIIlltIIIIIYIIIIIIJIIIIIIJHEAT 
C INITIALIZE TENPE'U.TURES HEAT 
C HEAT 
C SET TEMPrRHURES AT BEGINNING Of 'f'HIS lINESTEP EOUAL TO TEMPS HEAT 
C O ENO or L.-sr TTMESTEP. HEAT 

C 
C 
C 

C 
C 
C 
C 

C 
C 
C 

140016J,.l., 0 MN HEH 
16 THTA<I, = THTq(Il HEAT 

ASSUME SURFACE T~MPERATURE 
TEMPERATURE F'OR rtNESTEP. 
17 THTB(l) 2 ZAI~T 

ZHAIRT IS THE AftqAY WHICH HOLDS THE li\ST 30 DAYS Of AIR TEMPS 
SHIFT TEltf'S lN Z~URT,- LOADING PRESENT AIR TEMP IN ZHII.IRH1 > AND 
DROPPING OLDEST TEMP NOW IN ZHAIRHTH~hl) 

NTHMcTHN•l 
16 ZHA IRT< NTHII ,.,-,HAIR HNTH N•l) 

NTHH=NTHH•t 
JF<NTKH .GE.~) GO TO te 
ZHURT(l) 2 ZAll?T 

HEAT 
HEAT 
HEAT 
ttEAT 
HEAT 
HEAT 
HEAT 
HEAT 
HEAT 
HEAT 
HEAT 
HEAT 
HEAT 
HEAT 

T£11fPERATURE AT 61'1 CN IS J.~ERAGE AIR TEMPERATURE fOR 30 PRE\!'IOUS OAVS .. HEAT 
NOW USE OERAGINfi FUNCTION fO GET TEMP "1 60 Cf't HEAT 

TIIJ!J(PNNl=FTAfE(PMOf,.JO> HEA.f 
C HEAT 
C ENO INITIAlilATlflff SECTION »£AT 
Ctltl!IIIIIIIIIIIIIT[IlllllYJIIIIIJIIltllllltlttllllllltIIIIItIIIIIIIIIIHEAT 
C HEAT 
C HEIT 
C tr A IIATER CONTE'H OEPENOEHCE ON SPEC If IC HUT ANO THERMAL HEAT 
C CONOUCTIYITY IS TO 8£ INCLUOED SOMEDAY IT CA" GO IN HERE HEAT 
C CY WILL HAYE TO <JE AN AVERAGE OYER OT HEAT 
C fOR K Will NEED 1ALUES AT BEGINNING ANO ENO or OT HEAT 
C HEAT 
C HEAT 
CH EEtEE E EEEE £E EE EEC'[ E EH EErE £ E EE EEH EEE EE E HEE EE E EE£ EEE EE HE EE EE EE EE EEEHE A. T 
C t!ERE ARE THE HUit EQUATIONS HEH 
C HEAT 

C 
C 

28 00 30 f:o 1• P"IN•2 HEAT 
30 THD(I).,. THTHJ) • THTtU(I, ♦ THTACl•lJ • HEAT 

<THTHB<I) • THTHA(l) .. TIHHACl•l> ) + THTAU+2) • THTHAU+ll HEAT 

HOM THE fIRST AN'l LAST EOUATIONS NEED TOUCHING UP .. 
TaO(t) ~ THO(\) ♦ THfij(l) • THTHA(l) 
THO(PHN•2) 2 'HO(PNN•l) ♦ THTS(PHNt • THTHA(PMN~t) 

HEAT 
HEH 
HEAT 
HEAT 
HE AT 

C END E~UATIONS srrTtON HEAT 
CEEEE'EEE EEEH" E£EE£E C'( E££E£EEEEEE££EEC EEEEE EEHEEE EEEEEEEEEEEEE£EEEEEEEEEHE AT 
C HEAT 
C HEAT 
C HEAT 
C To~n DMT OMTDM TD~n ON ro H TON TOMT OM TONTDN TON TD MT Dl'IJTOM TDNT ONT DH TOH TO ,no NTO M TOH£ AT 
C HEU 
C NOW CALL TD" TO GET THOSE PMN•2 TEMPERATURES HEAT 

CALL TOH(THA• THB• THC. THO• THU• PHN-2) HEAT 
c nn 
CTO MT O HT 0 HT OttT OIH DH ro N TON TONT ON TONTOtl TOM ro MTOMT OM TONT ONT OH TOH TOM f OM TOH JOHE AT 
C MAT 
C HE•T 
C HEAT 
C NOW LOAD THTB AN~ XHSOLT HEAT 

C 
C 

C 
C 
C 

C 
C 

00 12 I•1•PPIH•2 HEAT 
32 THTB<t•U : T~(J) HEAT 

XHSOU rs TH[ Ot:RAGE 
00 34 Jc:t.PHN 

TEHPERATURE Of THE NOOE DURING PMOT 

34 xasotT(I)" (THTA(I) • THTS(I)) / 2. 

OE RUGGING 
09GfLG=.FALS[. 

HEAT 
HEAT 
HEAT 
HEAT 
HEAT 
HEAT 
HEAT 

• 
IfCCOEeUGl .GT. 1.E•5) .4NOo ((KOO(C(TJNE•TSlART>IDT>~ OE8UG1)) 

.tr. 1.E•SlJ OSGftG•.TRUE. 

HEAT 
HEAT 
HEAT 

IF(.NOT. OBGFtG J GO TO 710 
610 MRITE(1.680)P~JOAT~ PHOT•XHSOLT 
660 fORKAT< 4 H P"JOAfa•• 15• • 

• • 10f6.2) 
710 CONTINUE 

HEAT 
HEAT 

)(HSOL T'""HEJ\.T 
HEAT 
HEAT 
MEAT 
HEU 

REfURN HEAT 
C HEAT 
C HEAT 
C HEAT 
C tE EE E EE E:EE EE EE EE EEC-£ EEEEEEEE EEEEEEEE EEEEE E EEEE EE E CEE E [EE EE££ E EE£ EE EE EEEHE AT 
C EE EE E EH'. EE££ EE EE £E C'E HEE EEEE EEEE EEEE EEEEE E EEEE EE EE EE E EE EE EE£ EE EE EE EE E EEHE AT 
C EE EE t EE E EE Et EE EE EE t"( EEEE EEtE EE EE EEEE EEEEE EE [EEEE EE EE EEE E EEEE EEEE EEEE EE EH EAT 

181 
182 
183 
184 
185 
186 
181 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 

"' 199 
200 
201 
202 
20, 
204 
205 
206 
207 
208 
209 
210 
211 
212 
2l' 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
22' 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
2'2 
243 
24' 
245 
246 
241 
248 

"' 250 
251 
252 
253 
254 
255 
25' 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
266 
269 
270 
211 
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crE£EEEEEEEEEEEEEEE~EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEHEAT 
C HEAT 

C 
C 
C 
C 
C 
C 

C 

C 

C 

C 

C 

C 
C 
C 

C 

C 

C 
C 
C 

C 
C 
C 

C 
C 

C 
C 
C 

C 
C 

C 
C 
C 
C 
C 

ENTRY HINJT HEAT 

IN THIS SECTION IHH THE REAO(NG AHO WRITING OF INPUT TO THIS 
SUAR0UTINE ,tN0 c•LCULATI0HS lfHICH ARE TO 8£ DONE ONLY ONCE. 

READ ANO WRITE I'tPUT DAU 
VAR IAIJLE THC CC I 'i FOR READ I NG AND 

REA0C5,60)THCCC 
WRITING C0HHENTS 

NRITEt6,6l) 
WR IT£ (6, 62) THr.C C 

REA0<5,60HHcr.c 
WR1TE(6,f!2>THt:CC 
REA0(5,/)CH0 
WR tT£<6,84)CHl't 

RO0(S, eo )T HC".:C 
WRITECti,62>TH~CC 
REA0(5,/JCHDX 
WRITEC6,64)CHijX 

R£40C5 .. 60 >THCCC 
WRITEC6,62>TH"'.CC 
RE,\0(5,/JPHCY 
WRITE (6, 64 J PHl":Y 

REA0(5, 30 JTHC!;C 
WRITE (6 ,82 >Ttti:c C 
RE40(5,/)PHK 
WltlTE(6•8OPHI( 

REA0<S•80lTHC1'.:C 
WR(TE(6,82HHCCC 
REA0<S•/ JXHSDU 
Wlt(TE<ti•64)XH~0LT 

REAO IN ZHA.IRT r'QR PREVIOUS 30 DAYS or A.IR TENPERlTURES 
THESE TEltf>S A.RE TIHE STEP 4.VERA.GES NOT NECESSARILY 04.(LY TEMPS 

RE4D(S, eo JTHC':C 
WR IT£ (6 ,8 2HHr::C C 
R[t0(S,/JlHA(qJ 
WRITEt6,64)lH\IRT 

READ(5, 80 >THcr::c 
WR !TE (6 • 62 >THl";C C 
WRITE<6 .. 61> 

80 FORMAT< 204.4 > 
81 f0RHAT(//1/J 
82 F0RH4.T('0'•20~t.J 
84 FORMAT(•', 1"1£12.4,/l 

NOW 00 THE OELTA•X CALCULATIONS 
00 110 I=l,PH"•l 

110 CH0XX(l)=CH0(T ♦ l}•CHO(I) 
ENO OELH"'X CAlC!IL HtONS 

120 

00 120 I=l, PH"' 
THU( I)s:XttS0L T( t > 
THT9(IJ=XHS0LTC !) 

TH" IS THE CLOSE<r;T INTEGER TO THE NO. or TINE STEPS IN 30 DAYS 
TJU=J0. I P140f 

SINCE NO THEU. Or"PENDENCE ON CV OR K INCLUDED, 
CALCULATIONS HAW"' TO 8£ tO,0E ONLY ONCE 

00 141) I=l,PH"l-1 
TIHHAU )::cPHK<TJ / CH0'(X(I) 

140 THTHBU)=2.•Pi.cvo J•CliOX(I) / PHOT 

THES£ 

PHCY(PHN•l) AND r::HOX(PHN•l> ARE NOT USED SO CAN JUST L0AO ZEROES IN 
00 160 I=t,PH't•2 
THUi) ~ THTH'CI•l> 
TH~(l) • THTH~( I) • T~THA(I) • THTHA(l ♦ l) 

160 THC(I>.,THTHA<T> 
THACPMN .. z)2:0o 

fltC(l) • O. 
ENO OF EQUATIONS WHICH UN BE CALCULATED ONLY ONCE IF NO THETA 
0EPEN0ENCE IS tNr.tu0E:O rn CY OR K 

RH URN 
ENO 

HEAT 
HEAT 
HEAT 
ttEAT 
ttEAT 
HEAT 
HEAT 
HEAT 
HEAT 
HEU 
HEAT 
ttHT 
HEAT 
HEAT 
HUT 
HEAT 
HEAT 
HEAT 
HEAT 
HEAT 
HEU 
HEAT 
HEAT 
HEAT 
HEAT 
HEAT 
HEAT 
HEAT 
HEU 
HEAT 
HEAT 
HEAT 
HEAT 
HEAT 
HEAT 
HEAT 
HEAT 
HEAT 
HEU 
HEAT 
HEAT 
HEAT 
HEAT 
HEAT 
HEAT 
HEU 
HEAT 
HEAT 
HEAT 
HEAT 
HEAT 
ttEAT 
HEAT 
HEAT 
HEAT 
HEAT 
HEAT 
HEAT 
HEAT 
HE AT 
HEAT 
HEAT 
HEAT 
HEAT 
HEAT 
HHT 
HEAT 
HEAT 
HEAT 
HEAT 
HEAT 
HEAT 
HEAT 
HUT 
HEAT 
HEAT 
HEAT 
HEAT 
HEAT 
HEAT 
HEAT 
HEAT 
HEAT 
HEAT 
HEAT 

272 
273 

"' 275 
276 
277 
278 
279 
280 
281 
282 
283 
28. 
285 
286 
287 
266 
269 
290 
291 
292 
293 
29' 
295 
296 
297 
298 
299 
JOO 
301 
302 
303 , .. 
305 
306 
307 
308 
309 
310 
311 
312 
313 , .. 
31 5 
316 
317 

"' 319 
320 
321 
322 
323 
32' 
325 
326 
327 
328 
329 
330 
331 
332 
333 

'" 335 
336 
337 
330 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
356 
359 



DERIVATION OF DIFFERENCE EQUATIONS 

As mentioned in the general description of HEAT, the 
temperature profile is determined by the solution of 
Equation B-1: 

where 

T 

z 
a 

aT a a T 
IT == a z <0 32 ) • 

(B-1) 

the soil temperature at a given point at a given 
instant of time, °C; 
time, day; 
depth in soil, cm; 
soil thermal diffusivity (the ratio of thermal 
conductivity, cal·cm-1.day-t.oc- 1, to specific 
heat, cal·cm- 3 •

0 c- 1), cm 2 /day. 

The difference equations are derived as follows: 

for a thin layer of soil during a time interval /J. t, 

(heat in) - (heat out) "' (heat stored). (B-2) 

In particular, for layer i during /1t, 

(heat in)~· "' - ( K a T ) at top of layer i, " a z 
(B-3) 

where 

counting of layers starts at the soil surface and goes down; 
heat flowing down is positive: 

(heat in)iin Equation B-3 has units of cal·cm- 2 ·day-'; 

K soil thermal conductivity, cal·cm-Lday- 1
,

0 c- 1
; 

T temperature of layer i, ° C; 
z depth in soil, cm. 

Flesh out Equation B-3, 

(heat in)i 

where 

T, - T, l T, - T. l l 
1- 1,- + 1, 1,- (-) 

{ 
* • } 

[ 6"i-1/2 >zi-1/2 ] 2 ' 

(B-4) 

temperature of layer i at beginning of /),, t, 
assumed located at the center of a layer, called a 
node. The first node is at the soil surface at 
0-cm depth. The second is at 3-cm depth (at 
Curlew Valley} and is at the center of layer 1, 
which extends from 1- to 5-cm depth. Node 3 
at Curlew is at 10-cm depth and is at the center 
of layer 2, which extends from 5- to 15-cm 
depth, etc. The bottom layer is centered on the 
next to the bottom node. There are PMN nodes 
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Ti-! 
T/ 
Ti~l 
Ki~½= 
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and, hence, PMN-2 layers. These distinctions 
between nodes, layers, regions between nodes, 
etc., appear confusing but must be made in 
using the difference equations; 
temperature oflayeri-1 at beginning of /J. t; 
temperature of layer 1 at end of /it; 
temperature of layer i-l at end of At; 
conductivity in region between centers of 
layers i-1 and i (i.e., between nodes i and 
i + l); 
distance from center of layer i-1 to center of 
layer i (i.e., from node i to i + 1). 

The • quantity in braces is the temperature gradient 
determined by the Crank-Nicholson scheme (Richtmyer 
1957} and is the average of the temperature gradients at the 
beginning and end of At. 

By similar reasoning: 

(heat out)~· = - (K a T ) at bottom of layer i • 
" 'z 

"' - (K ) -i+l -i 
{[

T. -T. 

i+l/2 l\Zi+l/Z 

The heat stored in cal·cm-2.day- 1 

where 

specific heat of layer i, cal·cm- 3 ·°C- 1
; 

thickness of layer i, cm; 
length of time-step, day. 

(B-5) 

(B-6) 

By substituting Equations B-4, B-5 and B-6 in Equation 
B-2 wc get: 

+ 

(B-7) 

Multiply through by two and collect T' terms on the left. 
After two lines of algebra we get, 
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(B-8) 

where 

(B-9) 

(B-10) 

(B-11) 

D. = T. 1--l 2 + T. 
( 

K • / ) 
1, -i-l D.z i-I/2 1, 

(B-12) 

For top and bottom layers we must make small changes in 
Equations B-8 to 12 because boundary condition must be 
included. The temperature at the surface at the end of the 
time-step is set equal to the average air temperature during 
/1!: 

ZAIRT, (B-13) 

The temperature at the bottom node TB* (there are PMN 
nodes) at the end of b.t is set equal to the average air 
temperature during the previous 30 days. 

For the top layer then, (heat in) l contains only one 
unknown temperature, not two as shown in Equation B-4, 

That is 

[ 

T - T 
1 s 

!:.Zl/2 

* • T - T 
1 s 

!:.zl/2 
] <½). (B-14) 

In Equation B-14, only Ti•, the temperature of layer 1 (i.e., 
node 2) is unknown. Equations B-5 and 6 for the top 
layer with i= 1 are unchanged. Substituting Equations 
B-14, 5 and 6 in Equation B-2 now yields by the same 
procedure as before: 

(B-15) 

where 

(B-16) 
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A • 1 

D • 1 

(B-17) 

(B-18) 

For the bottom layer, (heat out)bottom contains only one 
unknown temperature. After several lines of algebra we 
then get (say the bottom layer is layer number M): 

where 

Krrr--l/2 

6zrrr--l/2 

K K 2C 6x 
= nrl/2 + m+l/2 + vm m 

Bm !:.zrrt-l/2 !:.zrrt+l/2 M 

D • T (K,n-l/2 ) 
m nrl \Aznrl/ 2 

+ T 
m 

(B-19) 

(B-20) 

(B-21) 

Krrt+-1/2 ] 
!:.Zm+l/2 

+ T (Ku,+-l/2 \ 
B !:.zm-+l/1/ (

Km+l/2) 
6zm-H/2 

(B-22) 

Now summarize these equations for A, B, C and D. 

for i 1 to PMN - 3, 

• 0 for i PMN - 2 (bottom layer), (B-23) 

= Ki-1/2 + Ki+l/2 + 2Cvi /;X, 

B. < 
L bzi-1/2 D.zi+l/2 M 

for i 1 to PMN - 2, (B-24) 

c. . 0 for i 1, 
< 

= Ki-1/2 
for i 2 toPMN-2, 

b.zi-1/2 
(B-25) 



for i = l, 

= T . ....1::::...__ + T . m., 1, 
K. l/ 2 [2C. /Jx. 

i,-l f,,zi-l/2 i- D.t 

for i = 2 to PMN - 3, 

= T. -3:=..__+ T, vi. 1, 
K • l/ 2 [ 2C • Ax. 

i--l l:izi-1/2 1, t:.t 

for i = PMN - 2. (B-26) 

It can easily be seen in Equations B-23, 24 and 25 that 
there are no temperatures involved. Also, the conductivity, 
K, and specific heat, Cv, are not dependent on water con
tent or 'temperature. (A water content dependence can be 
included if it is felt such detail is warranted. See Hanks et al. 
1971). Thus, the A's, B's and C's need to be calculated only 
once. The D's must be calculated each time-step. 

Transform Equations B-23, 24, 25 and 26 into computer 
code: 

a. Thermal conductivity K 112 becomes PHK(l) 
K3;2 becomes PHK(2) 

KPMN-2+112 
PHK(PMN-1) 

becomes 

b, Specific heat Cvi becomes PHCV(I) for I -
I toPMN-2 

c. Distance from node to 
node ,\ z112 becomes CHDXX(l) 

d. Thickness of layer 

/J.zPMN-2+ 1/2 becomes 
CHDXX(PMN-1) 

/J. xi becomes CHDX(I) for I 
- 1 to PMN-2 
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e. Temperatures at beginning 
of time-step Ti becomes THTA(I + 1) 

for I - 1 to PMN-2 
Ts becomes THTA(l) 
TB becomes THTA(PMN) 

f. Temperatures at end 
time-step 

of 
Ts' becomes THTB(l) 

g. Time-step length 

h. Tridiagonal matrix 
elements 

TB' becomes THTB(PMN) 

/J. t becomes PMDT 

Ai, Bi, Ci, Di become 

THA(I), THB(I), THC(!), 
THD(I) for I - 1, PMN-2. 

Now, if we define temporary variables THTHA(I) = 
PHK(I)/CHDXX(I) and THTHB(l) - 2. • PHCV(l) 
CHDX(l)/PMDT, then Equation B-23 becomes 

THA(I) THTHA(I+l) 

0 

Equation B-24 becomes 

THC(I) 0 

THTHA(I) 

Equation B-25 becomes 

for I= 1 to PMN - 3, 

for I = PMN - 2, 

for I 1, 

for I 2 to PMN - 2, 

THB{I) = THTHA(I)+THTRA(I+l)+TIITIIB(I) 

for I "' 1 to PMN - 2, 

Equation B-26 becomes 

THD(I) = THTA(l)*THTHA(l)+TI1TA(2)*(THTHB(l)-THTHA(l) 

-THTHA(2))+THTA(3)*THTHA(2)+THTB(l)*THTHA(l) 

for I = 1, 

THTA(I) *THTHA{I)+THTA(I +l) * (THTHB (I)-THTHA(I) 

--THTHA(I +l) )+TIITA(I+2) *THTHA(I+ 1) 

for I "' 2 to PMN - 3, 

TIIT A (PMN--2) *THTHA (PMN-2) +THT A (PHN-1) 

* ( THTHB (PMN-2 )-THTIIA (PMN--2 )---THTHA ( PMN-1)) 

+TIITA(PMN) *THTHA(PMN-l)+THTB (PMN) *TilTHA(PMN-1) 

for I = PHN - 2. 

As mentioned earlier, THA, THB and THC have no 
water content or temperature dependence and hence are 
calculated only once, in the initialization section. THD is 
dependent on temperature and hence is calculated each 
time-step. 
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C. WATER 
(including WBAL and WTIME) 

P. W. Lommen 

GENERAL DESCRIPTION OF THE 
WATERSUBMODEL 

In the Water Response Model, soil water potential is 
needed by the plant submodels in order to predict growth. 
This is provided by submodel WATER. Soil water potential 
also helps determine rates in nitrogen and decomposition 
submodels. Inputs required each time-step are precipita
tion, evaporation and transpiration. Soil parameters needed 
once are: 1) relation between soil water potential and soil 
water content (theta); 2) relation between hydraulic 
conductivity and theta; 3) wet and dry limits to soil water 
potential; 4) conductivity of caliche layer; 5) soil layer 
thicknesses and locations; 6) average runon:runoff ratio per 
day; 7) largest permissible value of change in theta during 
water time-step (which is generally much smaller than 
overall model time-step); 8) initial values of theta and depth 
of water standing on surface. 

Various papers (Hanks and Bowers 1962; Hanks et al. 
1969; Nimah and Hanks 1973; Griffin et al. 1974) have 
provided ideas which have contributed to this effort, 

A set of nodes is introduced in the soil profile (the same 
nodes as for submodel HEAT) as reference points for soil 
layers. Figure C-1 is a schematic diagram of submode} 
WATER. The soil water potential in soil layer i is the 
solution of Equation C-1: 

;J H , H 
Ci [ ~- J C [ I K ) J ' Ai . 

;J t ) z . z 
(C-1) 

Ai is the removal of water by roots in layer i (transpiration} 
and is proportional to water available in layer i and relative 
root amount in layer i. 

The remainder of the equation is a standard diffusion 
equation: His the soil water potential in layer i, bars; K is 
the soil hydraulic conductivity at layer i, cm 2 ·bar-1.day- 1; 

Ci is the specific water capacity of layer i, bar- 1; Z is soil 
depth, centimeters; t is time, days. 

The upper boundary condition on Equation C-1 is 
determined by the surface flux of water which depends on 
evaporation, precipitation and precipitation intensity, and 
standing water. The bottom boundary condition is 
determined by the caliche layer conductivity and water 
content, both of which are read in with initial parameters. 

A set of difference equations is then generated. It is solved 
by a tridiagonal matrix method of Richtmyer (1957). For 
more details, see "Derivation of Difference Equations" 
below, and Detailed Program Description of subroutine 
TDM in section D of this research memorandum. 
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WATER 

Precipitation 
Evaporation 

Runon - Runoff 
Transpiration 

Movement due to 

Water Potential f-: 
Gradients \\ 

" " ' ' 
' ' ' ' \ ' 

' \ ' 

' ' 

Water in 
Soil Layer 1 

Water in 
Soil Layer 2 

Water in 
Soil Layer 3 

Water in 
Bottom Soil Layer 

Movement through Caliche 
(if any} 

Deep Soil 

Figure C-1. Schematic diagram of submode! WATER. 
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PROGRAM DESCRIPTION 

Only the important segments of the FORTRAN code are 
shown and described. Sequence numbers are shown to aid 
in reference to the full code listing that follows the program 
description. All comment cards, specification statements 
and bookkeeping sections have been deleted also. Defini
tions of variable names may be found in Table C-1, which 
also appears at the beginning of the program listing. 

Before proceeding to the code, several additional 
comments should be made. First, volumetric water content 
of the soil, a dimensionless quantity (cm of water per cm of 
soil), is a very important and much-used variable 
throughout the program and will be called theta in the 
description. Similarly, soil water potential, measured in 
bars pressure, will be abbreviated SWP 

Second, water subdivides PMDT, the overall model 

LAYERS 

' ~~ 
C 

2 

3 '" 

S§ 
§Q 

'" 

NODES 

I 
2 

3 

4 

REGIONS 

2 

3 
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time-step (typically 4 days), as needed. If water is moving 
rapidly into the soil profile during a precipitation event, 
e.g., the WATER time-step, TWDT will be cut down to 30 
min (the minimum allowed). WATER tries to find the 
largest TWDT consistent with the requirement that theta 
does not change more than PWTLIM (typically .015) during 
TWDT. We want TWDT large enough to be efficient but 
small enough to be accurate. There is a fair amount of code 
concerned with determining the best value of TWDT. 

Third, in making difference equations from the main 
differential equation, it has been necessary to define nodes, 
layers and regions between nodes for the soil profile. This 
can be confusing. Figure C-2 shows how this was done for 
Curlew Valley. Th~re are PMN nodes or reference points, 
PMN-1 regions between nodes and PMN-2 layers. Also 
shown in Figure C-2 are the variables which are indexed by 
layers, nodes and regions. 

4 '" 
;i, 5 

5 6 

6 7 

4 

5 

6 

Figure C-2. Relations between layers, nodes and regions 
between nodes for the soil profile as used in Curlew Valley 
runs. The first layer i.s centered on the second node, etc. Also 
shown are layer width (CHDX) and node depth (CHD), both 
in centimeters. Finally, arrays indexed by layer are listed 
under column LAYERS, etc. 

'" 
CVTSPR 
CWPSI 
PWWC 
TWTA 
TWTHTS 
TWTSPR 

8 

TWHA 
TWHB 
TWTHA 
TWTIIB 

7 

CIIDXX 
PWK 
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Table C-1. Variable dictionary for WATER 

LlST OF VARIABLES FOR WAT£~ 

rHO{lO> DEPTHS, CH, Of NODES BELOW SURFACE CA NOOE IS A POINT 
WHERE A WATER POTENTIAL IS CALCUUTEO> SURTING AT SURfACE 

~HDX(lO> THICKNESS Of REGION CENTERED ON NODE WHERE COUNTING 
STARTS AT FIRST NOOE BELOW SURFACE ANO GOES DOWN 

rttQXXClO> CHOXXCI >=CHO<I+l) ~ CHO< IJ 

rvrsPR(lO) HH Of WATER TAKEN FROH EACH LAYER DURING PHDT 

rwt~F NET TOP SURFACE FLUX FOR PHOT, CH, DOES 
NOT INCLUDE TRANSPIRATION. 

rwPSl(lO) SOIL WATER POTENTIAL, BARS, VALUE AT ENO Of PHDT 

OBGFLG IF•.TRUE. WRITE O[dUGGING INFORMATION THIS TIME STEP 

l'[BUGl NUMBER Of lIHE STEPS BETWEEN DEBUGGING OUTPUTS 

>LGFLG IF=.TRUE. WRITE DEBUGGING INFORHATION THIS TWDT 

PHDl TIME STEP DETERMINED IN HAIN, DAYS 

PHN NUH8[R OF NODES, SAHE AS NUH8ER or NODES IN HEAT, 
COUNTING STARTS AT SURFACE 

PWOELII INCREMENT IN VWC, TYPICALLY 0.01-0.02 

PWHCOO) TABLE OF HYDRAULIC PRESSURE HEAD VERSUS THETA, 8ARS, 
USING SAHE THETA SCALE ANO SPACING AS PWKIN 

PWHtRY ALLOWABL[ LOW PRESSURE lIHJT FOR ANY LAYER 

PWHkET ALLOWABLE HIGH PRESSURE ll"IT fOR ANY LAYER 

PWK(lOJ HYDRAULIC CONDUCTIVITY, CM2 BAR-1 OAY-t, PWK(I) 15 
CONDUCTIVITY AVERAGED OYER TWOT, IN REGION BETWEEN NODES 
1 AND 1+1• WHERE COUNTING STARTS AT SURFACE. 

PWKCAL CONDUCTIVITY or CALICHE LAYER 

PWKIN(60) TABLE or CONDUCTIVITY VERSUS THETA, CH2 BAR-l OAY-1, 
STARTING WITH VALUE AT THETA = 0.0, READ IN IN WINJT. 

PWKSUHC60> ARRAY USED TD CALCULATE AVERAGE K• (CH-BARSJ/DAY 

PWLLI It 

PWH 

PWRhRF 

PWT(60) 

0 wTLI H 

l'WWC(l0) 

• 

T 

TOH 

LOWER LINIT OF THETA, OIH[NSIONLESS 
CALCULATED IN WJNIT ANO= SUN Of CONDUCTIVITY i DELTA H 

NUH8[R or ENTRIES IN CONDUCTIVITY ANO PRESURE TABLES 

RUNON TO RUNOFF RATIO PER DAY 

ARRAY CONTAINING UNIFORMLY DISTRIBUTED VALUES OF THETA 

LARGEST CHANGE IN THETA ALLOWED FOR NODES 2 TO PNN•l 
DURING ANY TINE STEP TWOT. TYPICAL VALUE .0l TO .oz 

MATER CAPACITY, BAR-1, or REGIONS SURROUNDING NODES, 
COUNTING STARTS AT FIRST NOOE BELOW SU~FACE 

A VERY TEMPORARY VARIABLE• USED IN REFINED TWOT ESTIMATE, 
TRANSPIRATION SECTION, REDUCTION OF TWDT IF DELTA THETA 
TOO LARGE, AND AS RATIO OF WATER IN TO WATER STORED 
AS CALCULATED IN WBAL. 

A VERY TENPORARY VARIABLE - USED IN REFINED TWOT ESTIHATE, 
TRANSPIRATION SECTION, CONDUCTIVITY SECTION, AND REDUCTION 
OF TWOT IF DELTA THETA TOO LARGE. 

A VERY TENPORARY VARIAl:ILE - USED IN REFINED THOT ESTIMATE. 

A SUBROUTINE USED 8Y WATER ANO HEAT TO SOLVE A SET OF 
SIHULTANEOUS DIFFERENCE EQUATIONS, THE LEFT HANO SIDES Of 
WHICH FORH A TRI-DIAGONAL HATRIX. 

TIHE CURRENT JULIAN OAT[ - BOOKKEEPING DONE IN HAIN PROGRAM. 

TS TART JULIAN DATE OF START or RUN - INITIALIZED IN HAIN PROGRAM 

TWAA FRACTION or PMOELW INTERVAL, USED IN INTERPOLATING 

TWA{10) PARAMETER A FOR TRI-DIAGONAL HATRIX ROUTINE {TOH ROUTINE> 

TWAAA.(10) ARRAY CONTAINING VALUES Of TWTHA(J) FOR 1=2,PHN-1 

Modeling 
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TW8C10) 

TH 8f.( 10) 

TWC ( 1 0) 

TW C (.C 

TWD(tO) 

TWD T 
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Table C-1, continued 

PARAMETER 8 FOR TDH ROUTINE 

CONTAINS ORDERED VALUES Of TWAAA. 

A VERY TEHPORAAY VARIABLE - US[O IN SURFACE FLUX 
CALCULATION, TRANSPIRATION SECTION, AND CONDUCTIVITY 
SECTION, 

PARAHETER C FOR TOH ROUTINE 

USED JO READ ANO WRITE COHHENTS IN INPUT DATA 

PARAMETER O FOR TOH ROUTINE 

ACTUAL TIHE STEP WATER IS USING 

Tll'DTHP(lJ) CHANGE IN THETA DURING LAST TWOT 

TWO JP 

THOTO 

TWEVAP 

TWHA(10) 

THH6Cl0) 

TWHHA 

LENGTH OF PREVIOUS WATER TIME STEP 

HOLDS CURRENT VALUE Of TWOT AS IT IS BEING REDUCED 
BECAUSE DELTA THETA IS TOO LARGE, 

EVAPORATIVE DEMAND, HH, WATER TO EVAPORAlE FROM SURFACE 
OURIN~ REHAtNOER Of PMOT 

EOUALS .TRUE, If SOTL PROFILE FROZEN, EOUALS 
,FALSE, If NOT FROZEN, 

TEHPO~ARY VARIABLE USED TO SET UP PWT ARRAY, 

PRESSURE HUD o\T BEGINNING OF TWOT, Bo\RS 

PRESSURE HEo\O AT ENO OF TWOT, BARS 

INTERPOLATED VALUES OF PWH 

EOUALS ,TRUE. IF SURFACE 11~ESSURE IS WITHIN LIMITS 

INTEGER USEO IN PICKING VALUES Of K, HOFF TABLES 

THJB INTEGER USED IN PICKING VALUES OF K, H OfF TABLES 

T\IJ/\ 

TW K SA 

TWOhE 

'WRA[N 

TWRP 

TWSf 

TWSffl 

T\/Sf8T 

TWS FC 

TWSFO 

TW S TN 0 

TWSJRO 

TWTAClO) 

INTEGER COUNTER USED TO LIMIT NUMBER OF TWOT HALVING$ 

INTERPOLATED Vo\LUE Of PWKSUH 

f.OUALS ,TRUE, IF ftRST DELTo\ THETA APPROXIM.\TJON Ho\S 
o\LREAOY BEEN DONE DURING CURRENT TWOT. 

RAIN, HH, WATER TO INFILTRATE, LEo\VE STANDING OR 
RUNOff OUR!NG REMAINDER Of PHDT. 

EQUALS ,TRUE. If Ro\IN OCCURS DURING TWDT 

EOUALS ,TRUE. IF TWRAIN WAS TRUE UST TWOT, 

SURF.\CE FLUX Of ll'ATER OR VAPOR,CH 

fLUX OF WATER HOVING INTO PROFILE DURING TWOT THROUGH 
CAL ICHE, CH, 

fLUX Of WATER HOVING INTO PROFILE OURING PHDT THROUGH 
CAL ICHE, CM, 

CHCULATEO SURFACE fLUX USING TWHB(l) AND PHKCl), 

EQUALS TWSf-TWSfC 

STANDING WATER, HH, o\fTER RUNON-RUNOFF ASSUMPTIONS HAVE 
BEEN CONSIDERED, 

CHANGE DURING TIME STEP IN WATER STORED lff LAYERS OF 
PROFILE, CM. (SHOULD EQUAL TMWIN) 

WATER AVAILABLE IN LAYERS, DIMENSIONLESS 

TWTHAA{lQ} VOLUHETRJC WATER CONTENT AT BEGINNING OF PMDT 

TWTHAC10) VOLUMETRIC MATER CONTENT CVWC) AT BEGINNING Of TWOT 

TWTh8C10) VWC AT ENO Of TMQT 

TWTHC THETA AVERAGED OVER TWOT FOR WHATEVER LAYER WE'RE 
CHCULATING AT THE HQHENT 
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Table C-1, continued 

TWTK PROPORTIONALITY CONSTANT WHICH IS CALCULATED TO HAKE 
TRANSPIRATION DEHAN □ fROH A LAYER PROPORTIONAL TO WATER 
AVAILABLE ANO RELATIVE ROOT AHOUNTS IN A LAYER. 

TWTHTS<l~} RUNNING SUH OVER TWOT•s OF TRANSPIRATION BY LAYER, CH 

TWTSPR(lO> TRANSPIRATION LOSS OF WATER FROH REGION SURROUNDING NOOE, 
CH, (TOP ANO 80TTOH NODES EXCLUDED> DURING TWOT 

TWTTOT 

TWTIH 6) 

TWUC10) 

TWWA( 10) 

TWWBC10) 

rww 1N 

u 

WBAL 

\HI II[ 

TOTAL TIHE TH.H HAS ELAPSED IN PHOT. ODES NOT INCLUDE 
CURRENT TWDT, DAYS 

TRANSPIRATJONAL DEHAN□ BY FUNCTIONAL GROUP, CH 

WATER POTENTIALS IN BARS OF SOIL LAYERS AS RETURNED 
FROH SUBROUTINE TOH. 

USED IN SETTING UP CALL TO TOH 

USED IN SETTING UP CALL TO TOH 

FLUX OF WATER HOVING IN TO PROFlLE THIS TIHE STEP, 
EQUALS FLUX IN AT TOP+ FLUX IN FROM BOTTOM 

TRANSPIRATION, CH. <SHOULD EQUAL TWSTROJ 

A VERY TEMPORARY VARIABLE-USED IN REFINED TWOT ESTIMATE 

SUBROUTINE WHICH CHECKS OVERALL ACCURACY OF CALCULATIONS 
DONE IN WATER - DETERMINES WATER INTO OR OUT OF PROFILE 
ANO COMPARES IT TO CHANGE IN WATER STORED IN PROflLE. 

FUNCTION WHICH RETURNS ELAPSED CPU T[HE IN SECONDS FROM 
START OF RUN. 

XHSGLT(lCl) SOIL TEMPERATURE PROFILE, C. INDEXED BY NODES, SO 
XHSOLT<Z), E.G •• IS TEMPERATURE Of FIRST LAYER. 

'iWSJND STATE VARIABLE CALCULATED BY WATER EQUAL TO AMOUNT 
Of WATER STANDING ON SOIL SURFACE, HH. 

'iWTHTA(ll)) THETA Of LAYER AT ENO Of PHOT 

y 

7 

7[ V AP 

7R A IN 

7R INT 

A VERY TEMPORARY VARIABLE - USED ONLY TO HOLD VALUE 
Of FUNCTION WTIHE. 

A OUHHY USED AS AN ARGUM[Nr IN WTIHE 

HH WATER POTENTIALLY EVAPORATED FROH SOIL SURFACE IN PHOT 
VALUE O~TAJNEO FROH SUBROUTINE PSWG 

RAINFALL, HH IN PHOT 

RAINFALL INTENSlTY, HH/HR 

Modeling 
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IFCXHS0LTC2) .LE. -1) TWFRZN::oTRUE. 

00 50 I=t,6 
li050J= 1, PHN-2 

"iQ JWTW{I >=TWTW{I )+l.E-5*CVTSPR{ I ,J l 

lF<.N0T. TWFRZN> GO TO 70 
TWRAIN=.FUSE. 
lllEVAP=0o0 
JWRP=.FALSE. 
G0TOU0 

70 JF{(TWR+TWSTNDl.LE.4.lG0T060 
JWAA IN = • TRUE. 
lWDT=:>.02()83 
IF { T WftP J GOT 090 
GO TO 120 

BO TWRAIN=.rnsE. 
QQ TW0T=TW0TP 

R=0o3*PWTlIM 
S=0.9•PWTLIH 
T==0.0 
D0110I=2#PHN-1 
U=ABS(TW0THP{IJ} 
lFCU.LT.RJG0TDll0 
IFCU.GT.S)G0T0120 
IFCU.GT 0 T)T:U 

110 CONTINUE 
IF{T .LT .R>T=R 
lf(T.LE.o.o)G0T0120 
1W0T=)o9*THDT*(PWTLIH/T) 
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SUBROUTINE w ATER 

WATR 2 9() 

If temperature of the top soil layer is less than or equal 
to -1 C, the entire soil profile is considered frozen. 

WATA 319 
WATR 320 
WATR 322 

Determine TWTW(I), transpiration demand in centi
meters for plant functional group I, for I = l to 6. 

WATR 334 
WATR 335 
WATR 336 
WATA 337 
WATR 338 

If soil is frozen, set evaporation equal to zero, set flags 
indicating there is no precipitation this TWDT, nor was 
there any last TWDT, and go to section refining TWDT 
estimate. 

WATR 339 
WHR 340 
WATR 341 
WHR H2 
WATR HJ 
WAIR 344 
WATR 345 

If the amount of water remaining on the surface to be 
infiltrated is less than or equal to 4 mm, set TWRAIN = 
FALSE (not raining this TWDT), set TWDT - TWDTP 
(previous value) and go on to section refining TWDT 
estimate. If water amount is greater than 4 mm (no rain this 
TWDT), set TWDT equal to .02083 (- 1/48 day - 30 min 
= minimum value) and check if rain during last TWDT. If 
yes, set T\~./DT = TWDTP and go on to section refining 
TWDT estimate. If no, keep TWDT at minimum value and 
skip section refining TWDT estimate. 

WA TR: 352 
WAIR 353 
WAIR 35' 
WATR 355 
WArR 356 
WATJt 3'7 
WA.TR 3 56 
JO.TR 359 
WA. TR 360 
WA.TR 36l 
WA.TR 362 
WAIR 363 

The only circumstances under which we do not reach this 
point are if TWRAIN - .TRUE. and TWRP - .FALSE. 
(The most common example of this would be that the 
surface was dry last TWDT but rain has occurred since.) 
The point of this section is to increase TWDT as much as 
possible within the constraint that theta does not change 
more than PWTLIM during TWDT. R, S and Tare defined 
as shown. Each pass through DO loop (one pass per soil 
layer), U is set equal to magnitude of change in theta during 
previous TWDT. If U is ever found to be greater than 0.9 * 
PWTLIM, remainder of this section is skipped (TWDT 



l?O If(TlfDT oGT~ (PHDT-TWTTOT)) TWDT=PMOT-TNTTOT 

130 CONTINUE 

lf(TWFRZN> GO TO 150 

TWSf=TM+TWSTND-TW[VAP•TWOT/PHOT 
140 THSf"=TWSf"•O .1 

150 TMSF=O.O 

R=TWDT/PHDT 
L0170I=1,-PHN-2 

170 TWTSPRC I>=O.O 
00 210 J•1,-6 
TWTK=O .. O 
00180ts 1,-PMN•2 
TWTA(l)=TWTHACl ♦ l)-PWLLIM 

1ao TlfTK=TWTK♦ THTA(I)•CVRDST(J,J) 
IfCTlfTK .LE. l ■ E•B> 60 TO 190 
Tlf TK'"R• TWTW < J)/ TWT K 

llJO CONTINUE 
00200I=1"PMN·2 

2no HfTSPR( I >=TWTSPR( I ) ♦ TWTK•TIHA( I >•CVROSTcJ,.J > 
210 CONTINUE 
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retains present value). At the completion of the loop plus the 
next statement, Tis the larger of: !) 0.3 • PWTLIM and 2) 
the largest value of U (maximum value 0.9 • PWTLIM). 
After a precautionary check for zero value of T, TWDT is 
increased by the factor PWTLIM/T. The factor 0.9 is a 
precautionary measure so TWDT isn't increased too much 
because if TWDT is set too large here, a later check may 
reduce it. • 

lfATR 365 

Check the sum of TWDT's to be sure it isn't greater than 
PMDT. 

WATR J75 

Control returns to this point if TWDT is reduced in the 
line below. 

WATR 380 

If soil is frozen, skip potential surface flux calculation. 

WATR 391 

The contribution to the surface flux from precipitation, 
TW, is the minimum of the following: l) ZRINT • TWDT • 
24 (which is the amount of precipitation in TWDT at rate 
ZRINT); and 2) TWR, the remaining precipitation to 
infiltrate .into the soil. At the end of each TWDT, ZRINT • 
TWDT • 24 is subtracted from TWR (line 801). Thus, line 
391 is necessary to ensure that the sum of ZRINT * TWDT * 
24 does not become larger than ZRAIN, total precipitation 
for the time-step, 

WATR 392 
HATR 395 

Potential surface flux, in centimeters, equals TW from 
line 391 above, plus standing water, minus that portion of 
evaporation for PMDT which occurs this TWDT. 

WATR 397 

We reach here only if soil is frozen (line 380). If frozen, 
then set surface flux equal to zero and go on. 

WATR 413 
MATR 414 
WATR 415 
WATR 416 
WATR 419 
WATR 420 
HATR 422 
WATR 42~ 
WATR 426 
MATR 427 
MATR li28 
MA TR 429 
WATR t,30 
WATR t,31 

Determine TWTSPR(I), centimeters, transpiration 
demand by layer. It is proportional to water available in the 
layer TWT A(l), and the fraction of roots in the layer 
CVRDST(J ,I). Transpiration demand is assumed uniformly 
distributed over PMDT. 

Thus, each TWDT, the demand is R - TWDT/PMDT 
times the total demand. Line 418 begins the main DO loop 
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Hl=O•'> 
00230I:q.p11N~2 
S=TMfSPRCI)/CHOXCI> 
lFCS.LE.CfWTA<I>•0•5>>GOT0220 
TWTSPR( I ):TWTACI )•0.5•CHOXC I) 
S=TWTSPR(I) 

2?0 CONTINUE 
H<TW.LT.SHW=S 

z;o CONTINUE 
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over plant functional groups (FG's). TWTK first becomes 
the sum over layers of water available in the layer times 
fraction of roots of FG J in the layer. Water available is 
dimensionless and equal to the value of theta at the 
beginning of TWDT, TWTHA(I + 1), minus the lower limit 
of theta, PWLLIM. The indexing looks strange because 
TWTHA is indexed over nodes, and TWTA over layers (see 
Fig. C-2). Line 426 will be true if there is no FG represented 
by current value of J. (For Curlew Valley simulation, ~,g., 
perennial FG's fill places I, 2, 3 in XVPLNT, CVRDST, 
etc., and annual FG's fill places 5, 6, leaving place 4 
vacant.) In line 427, TWTK becomes the proportionality 
factor needed. Lines 429,430 are a DO loop over soil layers, 
where, in each pass through the loop, the transpirational 
demand due to roots of FG J in layer I is added to the 
demand from layer I. The algebra behind these lines of code 
is not obvious so more explanation is necessary. If one puts 
the equation in lines 423 and 427 into line 430 and writes it 
in normal algebraic form we get: 

,[lWTSPR(l)]J a TflDT [TWTW(J)] [TWTA(l)l [CVRDST(J,l)] 
PMOT j[TWTA(I)] [CVRDST(J,I)] 

where A,[TWTSPR(I) JJ means the addition to TWTSPR(I) 
from FG J. If we sum lioth sides over I (layers), we find that 
the total transpirational demand from FG J for this TWDT 
is (TWDT/PMDT)[TWTW(J)], which is just what we want 
since TWTW(J) is the demand from FG J over PMDT. 

WA.TR .ld4 
MA.TR 4 35 
WATR "36 
WATR 438 
WATR 439 
WATR 440 
WATR 441 
WATR 442 
WATR 443 

S = centimeters of transpiration from a layer + thickness 
of layer = change in theta for layer from transpiration (line 
436). Check all layers and set TW - largest value of S. If S 
ever represents more than half the water available from a 
layer, reduce transpiration and Stoa value equal to half the 
water available. After this loop, TWTSPR is actual 
transpiration. A precaution should be noted here. It is 
possible for the plant submodel(s) to demand more trans
piration than WATER is removing from the soil. For one or 
two TWDT's, this is not serious, but if it occurs over several 
consecutive PMDT's, the plants will be growing as if there is 
more soil water available than actually exists. This situation 
should, and can, be avoided by keying transpiration to soil 
water in such a manner that, as water is removed from the 
soil, transpiration becomes zero before theta reaches 
PWLLIM. 

1 tC C TII.LE. PWTllH) .OR .C TMJH. GEG2 J oOR .-( TWDT oLEo 0002063) >GOTD2 40 
HIJH=TWJH+ 1 

Wo\TR 445 
WATR Q46 
W,HR 1,47 
WATR 448 
WATR 449 
WATR 450 

TWOT:TWOT•0.9•PWTLIH/TW 
IF(TWOT.l£•0•02063)TWDT=0.02063 
G.0 TD 13D 

240 CONTINUE 

TWDT will not be reduced if: 1) TW, calculated just 
above, is less than or equal to the largest allowable change 
in theta; 2) if it has already been reduced twice before; or 3) 



IF<TMONE) GO TO 260 
TWONE=.TRUE. 
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if it is already at the minimum value of 30 min. If it is too 
large, we increment the counter, reduce TWDT and ensure 
that its value is not below minimum. 

Overview of Conductivity and Specific Water 
Capacity Calculation 

In order to accurately simulate water content and 
potential, it is important to determine hydraulic con
ductivity, PHK, as accurately as possible. Average PHK for 
a region between nodes (see Fig. C-2) over TWDT can be 
calclllated if theta is known at the beginning and end of 
TWDT. But to determine theta at the end of TWDT, we 
must use average PWK during TWDT. Thus, an iteration 
scheme would appear to be in order. With a large 
subroutine such as this, however, it appears likely that it 
would be easy to set something up which would eat up 
considerable computer time. To avoid excessive computer
time use, no iterations are performed and, whenever 
possible, the change in theta for the current TWDT is 
estimated from the change in theta during the previous 
TWDT. "Whenever possible" turns out to be over 90% of 
the time. 

WATR 466 
MATR 467 

Use the flag TWONE to ensure going through this section 
only once each TWDT. 

If"((TMRP .ANO. TWR,UN) .OR. «.Nor. TMRP) .ANO. (.NOT. TWRAIN))) 
1 GO TO 250 

WATR 466 
MATR 469 
WATR 470 
WATR 471 

G.0 TO 280 
20::0 CONTINUE 

S=TWOT/TWOTP 
Ir<S.G T .1. >S=SORT< SJ 
TW=TWTH8(l)+S•TMOTHP(I) 
lf(TW .GE. PWTCPW~)) GO TO 260 

If(TW .LT. PWLLIH> TW=PWLLIH 

If there was rain last TWDT and it is raining now, or if no 
rain occurred last TWDT and there is no rain now, we can 
estimate the change in theta this TWDT from change last 
TWDT. Otherwise, go to the section calculating con
ductivity and specific water capacity. 

WATR 472 

DO loop through nodes (all except top one). 

WATR 474 
WATR 475 
W.HR 4 76 
MATR 477 
WATR 4 76 

Tentative change in theta is equal to change last TWDT 
times S. Sis the ratio of present and past time-steps if ratio~ 
1. If ratio > 1, S equals the square root of the ratio as a 
precaution against overestimating change in theta. Finally, 
perform checks to ensure that theta is within limits. 
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(IITHB< I )=TII 

IFCI.GT.2)GOT0270 
TWJA=TWTHB<I> / PWUELII ♦ 1 ■ 

HI o\A=C TM THB CI )•PWT C HIJA) )/PWDEL W 
TWH8( I) =PWH CTWJ A) ♦ (PWH( TWJAtl )-P WH{ TWJA) )•TWAA 
GO TO 270 

TWTHC =CTWTH"CIJtTWTHB(I)l / 2 ■ 
lfCTWTHC .GT. PWTCPWHJ) TWTHC=PWTCPWHJ 
lfCTWTHC .LT. PWLllHJ TWTHC,,PWLLIH 

TIIJA=TWTHC/PWDELW t l ■ 
rrc TWJA .GE. PWH) TWJA=PIIH-1 
TM AA='( TW THC•PWT ( 1 WJA) l / Pll!}[lil 
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WA.TR 479 

Set theta for current node equal to tentative value. 

WATR 480 
WATR 483 
WHR 4 85 
WATR 486 
WATR 487 

If current node is below second node, skip these lines. 
Otherwise, calculate TWHB, SWP at end of TWDT, for 
first layer (second node) by interpolating between appro
priate values in PWH table. It is used below in the calcula
tion for actual surface flux (line 574). 

WATR 494 

DO loop over PMN-2 inner nodes. In this loop, calculate 
specific water capacity of each of the PMN-2 layers and 
hydraulic conductivity of the PMN-3 regions between the 
inner nodes. 

WATR 4 95 
WATR 496 
WAT~ 497 

Calculate average water content during TWDT and 
ensure that values lie between limits. 

WATR 4 99 
WA.TR 500 

TWKSA( I )=PWKSUH( TWJA) • ( PWKSUH( TWJA ♦ 1 )-PWKSUH{ TWJA)) •TW AA 
rw HHA( I )"'PWH C TWJA )t( PW H( TIUA+ l )-PW!-fCTWJA > )• TWol.A 

WA TR 502 
WA TR 504 
W,\ TR SOS 

PWWCCI-1 l PWOELW/(PolH( TWJA.tt )-PWH (TWJA )) 

Jf(I.LE.2lGOT0.310 

lF(TWJB .EQ. TWJA) GO TO 300 

Using value of average water content just found, 
interpolate between appropriate values in PWKSUM and 
PWH tables, and call these values TWKSA and TWHHA. 

WATR 508 

The specific water capacity is simply the inverse of the 
slope of the S\VP vs. theta relationship. 

WA.TR 509 

Need TWKSA and TWHHA for two adjacent nodes to 
calculate P\1/K, hydraulic conductivity, for region between. 

WATR 510 

If average water content of previous node and current 
node arc close (between same pairs of values in PWKSUM 
and PWH table), calculate PWK differently. This avoids 
any chance of a divide-by-zero (or nearly zero) situation. 
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PW K( I• 1 ):::( T WKSA.<l l •TWKSA< I•l l l/C TWHHA( I) "'TWHHACI •1 J l 

Modeling 

Calculate hydraulic conductivity. Hanks and Bowers 
(1962) call it a "round about" method in that diffusivity is 
calculated from measured conductivity values, and then 
average conductivity is determined from diffusivity. If one 
goes through their algebra, PWK is seen to be average 
conductivity over a region of soil, weighted with respect to 
SWP. PWKSUM, calculated in line 1013, is 

where 

M 
PWKSUM(M) " :E K. (l.lSWP). , 

i =l l 1 

index which goes through theta values in the 
conductivity and SWP tables (i - l -> theta 
- PWTLIM; i - 2 -> theta - 2·PWTLIM, 

. ; i - m -> theta - M·PWTLIM); 
Ki measured conductivity (read in as PWKIN) at 

theta - i·PWTLIM; 
(~SWP)j - change in soil water potential (from PWH 

array) from theta - i • PWTLIM to theta -
(i + l) • PWTLIM. 

If theta at the top of the region corresponds to M 
PWTLIM and theta at the bottom corresponds to N 
PWTLIM, then rewrite line 511: 

M N 
J: Ki (t,SWP)1 t, !\ (ASWP)i 

average conductivity= 01-"1~----~ 1-"~1 --
SWPM - SWPN 

Say M > N, then 

M 
1; Ki (t.SWP) i 

average conductivity= ci-~-•~--~ 
M 
l: (l'ISWP). 

i=N 1 

Thus, average conductivity for a region is an average over 
measured conductivity, weighted with respect to SWP, as 
asserted above. 

To illustrate, do a numerical example with theta at the 
node at the top of the region - 0.25 and - 0.15 at the 
bottom. Use input data for Curlew Valley run. 

I theta 0.15 0.25 

TWKSA 0.4047 o. 9157 

TWHHA -8.090 -.8800 

PWKIN 0.0198 0.4630 
--··-·-

TWKSA l S - TWKSA 25 weighted average conductivity= • • 
T\1HHA. l S - TWHHA. 25 

unweighted average conductivity= o.oi 9so; 0-4630 = 0.2414. 
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The weighted average value, which is the one used in the 
program, is considerably smaller than the unweighted 
average. This is consistent with the findings of Hanks and 
Bowers (1962) that the dry soil (lower conductivity) controls 
the flow of water more than the wetter soil. 

3no FMK(I•l)={PMKSUH(TMJA•t>-PMKSUH{TWJA)) / (PWH(TMJA ♦ l)-PMH(TWJA)) MATR 51J 

310 TWJB=TMJA 

3?0 CONTINUE 

lf(TMSf.LT.O.O)GOT0330 
TWH8Cll=PWHMET 
IW T 1-!B( 1 )::>PMT <PMH) 
(i0T0340 

3l:0 CONTINUE 
IWHB<t>=PWHORY 
lMT H6{ 1 >=f>WLLI H 

3t.0 CONTINUE 
C CALCULATE PWK<l l 

lWT!-IC=TWTHB(l) 
If( TMTHC .GT. PWT<PMH)) TWTHC=PMTC PWHJ 

If theta values at nodes outlining the current region are 
between the same pairs of values in PWKSUM and PWH 
tables, use this formula which is a special case of the one in 
line 511 and avoids the possibility of dividing by zero or a 
very small number. 

We need to know previous value of TWJA on the next 
pass through the loop. 

WATR 517 

End of loop. 

Overview of Top Boundary Condition Section 

Potential top surface flux was calculated in line 392. 
Here, we check if we can meet potential by setting soil 
surface conditions to wettest conditions (if potential flux > 
0, or into soil) or to driest (if potential flux< 0). If potential 
flux can be met, actual flux is set equal to potential flux and 
program goes on. Since no submode!, including WATER, 
uses soil surface conditions, the surface node is always either 
at its wettest or driest condition, and more precise values are 
not determined. If potential flux cannot be met, actual flux 
is calculated, and difference between actual and potential is 
determined. If this difference is positive, it ultimately 
becomes standing water (line 794). If negative, it eventually 
is lost. 

MATR 54;) 
w,-rn 544 
WA.TR 545 
WATR 546 
WATR 546 
WA.TR 551 
WATR 552 

Check sign of surface flux and set surfat.:e conditions 
wettest if positive, driest if negative. 

WATR 554 
WATR 555 
WATR 556 
MATR 557 
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If'(TWTHC .LT. PWLLIH) TWTHC=PWLLIH WATR 558 
C PWT<TWJ,I,) om PWTCTWJi\+l} BRi\CKET TIHHC WATR 559 

TWJA=TWTHC/PWDELW + 1. WAIR 560 
lf(TWJA .GE. PWH) TWJi\=PWH•l MATR 561 

C CHEtK IF WATER CONTENTS OF FIRST TWO NODES ARE ~ERY CLOSE WATR 562 
lfCCTWKSi\(2) .GEo PWKSUH{TWJA)) .AND ■ CTWKSA<2) ■ LE ■ PWti;SUHCTWJA ♦ 1WATR 563 

1 ))) C.0 TO 350 WATR 564 
C TWU IS FOR INTERPOLATING WATR 565 

lWAA=CTWTHC•PWTCTWJAJl/PWDELW MATR 566 
TM KSAC 1 ) =P WK SUH( TWJA) tC PWKS UH<T W JA+ ll• PW KSUH C TWJ A> J • TW Ao\ WA TR 5 67 
TWHt<A(ll=TWHBCll WATR 568 
FWKCll=CTWKSA(Z)•TWKSACl)l/CTWHHACZl•TWHHAClll WA.TR 569 
GO TO 360 WATR 570 

3~0 PWKC1) = (PWKSUHCTWJAtll•PWKSUHCTWJA)) / (PWHCTWJi\+ll WATR 571 
1 •PWH( HIJA)) WA.TR 572 

360 CONTINUE WATR 573 

Determine PWK(l) just as PWK(I) for I - 2 to PMN-2 
were determined in lines 494-517, The only difference is 
that water content is not averaged in line 556 as it was in 
line 495 (averaging surface node led to nasty oscillations). 

TWSFC=PWK{ 1 > *TW0T *{ TWHS< 1 >• TWHtH2) +9 .s 33£•4 .-CH0XXC 1} J/CH0XX ( 1 J w-. TR 574 

IF( TWSF. LT. 0 .0 )GO TOHO 
lf(TWSFC.GE,TWSf)GOf0390 
G0T0380 

370 lf{TWSFC.LE.TWSFJGOT0~90 

no CON TI NU[ 
TW tN=.fALSE. 
lWSfD=TWSf•TWSfC 
IWSf=TWSfC 
COT0400 

3'l0 CONTINUE 
TWIN==. TRUE, 
TWSF0=0.0 

4fl0 CONTINUE 

If{ ,NOT, TWfRZNJ GO TO t.20 
toi.iot=1,PttNN2 

t.10 PWK{IJ=PWKCil*l.E•0 
4?0 CONTINUE 

Calculated surface flux equals conductivity times time
step times SWP gradient [the term 9.833-4•CHDXX(l) is 
contribution due to gravity]. 

MHR 575 
WA.TR 576 
MATR 577 
WHR 5 76 

Check if potential surface flux condition can be met. 

WHR 58!:l 
WATR 562 
II.UR 58~ 
10. TR 584 
IIATR 51!5 

If ,vc reach here, they can't be met. Set flag announcing 
this, determine difference between potential and calculated 
fluxes, set surface flux equal to calculated value and go on. 

WATR 587 
WHR 591 
WATR 592 
WATR 594 

If we reach here, potential surface flux condition can be 
met. Set flag announcing this, set difference between 
potential and actual equal to zero and go on. 

WA TR 000 
WATR &01 
WATR 002 
WATR 603 

If soil is frozen, reduce hydraulic conductivity by a factor 
of a million and stop soil water movement. 
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LO 431 I=l•PHN•l 
HIWACI> = PWMIJ / CHDXX(J} 
IF<I .EQ. PHN-1) GD TO 430 
JWWB(I) = {2.•PWWC<I>•CHDX(l)) / TW0T 

J,'IQ CONT JNUE 
00 4J,l l=2• PHN-3 
TWA{I) TWWA(J ♦ 1) 

JWC(I> = TWWA(I) 
JWB{t) = TWMBCIJ+TMACIJ ♦ TMC(I) 
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WHR 641 
WATR 6'2 
WATR 6 43 
WIHR 644 
WAIR 6'5 
WATR 647 
WATR 648 
WATR 649 
WATR 650 

410 TW0<IJ = TWHACI+l)•CTMWBCI>•TlfA(I)-TWC<I» • TMHACIJ•TWCCI) WA.TR 651 
1 ♦ TWHACI+2>•TMACI> ♦ 2 ■ •CPMKCI) • PWKCl+l}) •!:1.8JJE•4 WATR 652 
2 •2.•TWTSPR<I)/TW0T WATR 653 

TWA<ll TWWA(2) WATR 655 
TWCC 1) :i: 0 ■ MATR 656 
IW8(1J = TWWBC1) ♦ TWAC1) WHR 657 
rwocu = TtlHAC2)•OMW8(1>-TWA(1)) ,.. TWHA<3)•TWA(1) WATR 658 

1 ♦ TWSF•Z./TW0T •2•*PWKC2l•9.833E•4 WATR 659 
2 •2.•TWTSPR(l)/TWOT WATR ... 

TWA<P'1N•2J Q. WATR 661 
TWC(P'1N•2) = TWWA(PHN-2) WAJR 662 
TWSCP'1N•2) = TWWBCPHN•2J + TWCCPHN•2} +TWWA{PHN•l) WATR 

"' TW0(PHN•2) = TWHACPHN•1J•CTWWBCPHN-2l-TWCCPHN•2)·TWWACPHN•l )) 
1 + TWHACPHN•2l•TWC(PHN•2) + 2 ■ •TWHB<PHN)•TWWACPHN•1J 

MATR 
WATR 
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"' 2 +2.•CPWKCPHN•2J•PWKCPHN•lll •9.833£•4 
3 -z ■ •TWTSPRCPHN•2)/TW0T 

00J,5Qte:: 2rPHN•l 
IWT HBC I l=T WTHAC I) +PWWCC I-1) • ( TWU( I· 1 )-TWHo\C I l) 
lfCTWTHB(I) .GT. PWTCPWH)) TWTH0CI J=PWT(PWH) 
IfCTWfHBCI} .tr. PWllIHl TWTHBCI )<=PWllIM 

J,'50 CONTINUE 

l0460I=2•PHN•1 
TWJA'=TWTHBCIJ/PWDELW+l. 
IfCTWJA .GE. PMH) TWJA=PWH-1 
TWAo\=(fWTHBCIJ•PWTCTWJA)}/PWDELW 

460 TWH8Cl )"PWHCTWJA)+(PWH( TWJA+l} • f'WH( TWJA)}•TWAA 

WATR 666 
WA TR 667 

Generate matrix elements of tridiagonal matrix. These 
elements are coefficients of SWP in the system of difference 
equations (one for each layer) we need to solve to determine 
SWP of each layer. For more information see "Derivation of 
Difference Equations." These matrix elements can be de
termined only after we've determined: I) hydraulic con

.ductivity; 2) specific water capacity; 3) transpiration; 4) top 
surface flux. 

WHR 677 

TDM is the subroutine which solves the tridiagonal 
matrix, generated above, for PMN-2 values of SWP. These 
values are returned to WATER in array TWU. For more 
details, see the Detailed Program Description of TDM. 

WA TR 690 
WATR 691 
WATR 692 
WATR 693 
WATR 694 

Calculate TWTHB, theta of nodes at end of TWDT, from 
values of TWU just returned from subroutine TDM. 
Equation used is 

(theta) ~ (specific water capacity) x [LI (SWP)], 

Ensure that values obtained are within range. 

WATR 697 
W,\JR 698 
WATR 699 
WATR 700 
WHR 701 

Calculate TWHB, SWP of nodes at end of TWDT, from 
values of theta just calculated (same method as that starting 
in lines 495 and 556). This is roundabout in that we could 
have set TWHB(I) ~ TWU(I-1) for I ~ 2, PMN-L By 
using the specific water capacity, we find theta much faster 
than by hunting backwards through array PWH, but we 



D04701,.2,PHN-1 
S=ABSCTWTH8(1)-TWTHA(I}) 
IfCSoGT.PWTLIH)GOT0460 

410 CONTINUE 
GO TO 510 

4~0 lfCTWJH.GEo2JGOT0510 
TW OTO=TWOT 
1WOT,.TWOT•0.9•PWTLIH/S 
JWJH=TWJH♦ 1 
lf(TWOToLToO.Q2083>TWDT=0.0208J 
fi=TWOT/TWOTO 

4qo [05001=2,PHN-t 
TW HBC [ )= TW H1H I ) ♦ (T WHS( I >-TWH A< I ) )•R 

5~0 TWTHBCIJ=TWTHACI)+(TWTHBCI)•TWTHACl))•R 
GO TO llO 

510 CONTINUE 
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TWSFB=-PWKCAL•TWOT•<<TWHB<PNN-11 + TWHA(PMN-1>> * .5 
1 +9 ■ 833E•4•CHOXXCPNN-1) • TWHB<PNN)) / CHOXX(PKN•l) 

Modeling 

run the risk of the two values not exactly coinciding because 
of the various averages used. By determining SWP from 
theta rather than directly from TWU, then, small errors 
might occur, but theta and SWP will be consistent with each 
other. 

WATR 705 
WA.TR 706 
MATR 707 
Wi\TR 708 
WATR 709 

Check if any of the delta thetas just calculated are larger 
than the limit PWTLIM. If yes, see if TWDT can be re
duced. If no, go on to check of water balance. 

MATR 7 10 
W/1.fR 711 
WATR 712 
W/1.fR 713 
WATR 715 
MATR 716 
MATR 717 
WATR 718 
MATR 719 
WAIR 7 20 
WATR 721 

Reduce TWDT if: 1) it hasn't been reduced two or more 
times already (limit the number of iterations to cut down on 
computer time); and 2) if it isn't already at its lower limit of 
30 min (0.02083 days). In line 712, reduce TWDT; the 
factor 0.9 is to be on the safe side. Then increment the 
interation counter and make sure TWDT is not less than 30 
min. Finally, reduce the estimates of SWP and theta just 
calculated above by making the change proportional to the 
ratio of new TWDT to old TWDT, and go back to 
statement 130 (line 375) which is the start of the loop to 
calculate SWP once TWDT is set. 

WATR 726 
WATR 727 

Calculate water leaving bottom of soil profile (remember 
that convention is: in is + ). This is basically the same 
equation as line 574. 

CALL WBAL{ TWTSPR. rwsr. rwsre. TWTHA, TWTHB, CHOX. PHN, WATR 730 
WATR 731 1 TMlflN, TWSTRO, R) 

lf(TMDT.LT.o.os>GOJ0520 
lf({R .GT. 99.> .OR. (ABS(TIIWIN•TWSTRO> .LT. 0 ■ 006) 

1 .OR.(ABS<R•l.> ■LT.O.Ol))GOT0520 
JWOT=O.S•TWOT 

Call subroutine WBAL to check if the sum of the amounts 
of water into or out of the profile (rain, evaporation, 
transpiration, water through caliche layer) is equal to the 
change in the water stored in the profile. For more detail see 
.. Subroutine WEAL," below. 

WHR 733 
WATR 736 
WATR 7 37 
WATR 73B 
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R=0.5 
G0T0490 

5?0 CONft~UE 

CWINf,,CWINftH/Sf 
TWSfBT = TWSfBT t TWSfB 

If(.NOT. TWfRZN) GO TO 570 
rw s TNO= TWS T NO• TWR 
rw R=o.o 
GO TO 620 

570 CONTINUE 

IF<TWIN> GO TO 580 
1WSTNO=TWSFD•10.•PWRNRF••TWOT 
If <TWSTND .LT. o.o, TWSTN0=o.o 
GO fO 590 

SRO TWSTNO=o.o 
SQQ CONTIPfUE 

6no TWR=TWR-ZRINT•TWOT•24. 
610 lf(TWR .LT. o.o) TWR=0.0 

XWSTNO=TWSTNO 
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WATR 739 
WiHR 7 40 
WATR 741 

If the amount of water into or out of the profile is equal to 
the change in water stored, TWDT remains unchanged. If 
they are not equal, TWDT may be halved. TWDT will not 
be halved if its value is currently small (less than .05), Also, 
it will not be halved if one of the following conditions is met: 
1) if R, the ratio of water in to water stored, is greater than 
99 (to avoid a divide by zero, WBAL sets R = 99.9999 if 
TWSTRD is less than 0.001); 2) if TWWIN is sufficiently 
close to TWSTRD (within 0.006); 3) if R is sufficiently close 
to 1.0 (within 0.01). 

WATR 778 
WATR 782 

Accumulate top and bottom surface fluxes. Neither flux 
includes transpiration. 

WATR 785 
WAJR 786 
WATR 7 67 
WATR 788 
WATR 769 

If soil is frozen, add precipitation to standing water and 
skip the normal standing water calculation. 

WHR 792 
WATR 794 
WATR 795 
WATR 796 
WATR 7 97 
MATR 798 

If potential surface flux conditions are met there will be 
no standing water. If unmet, then in line 794 calculate new 
level of standing water using parameter PWRNRF, which 
provides a crude estimate of runon or runoff and will have a 
value near l. {A value of 1.25 for Curlew Valley, e.g., made 
water continually build up on a surface once the spring 
melting occurred.) TWSFD is the potential surface flux 
minus the actual surface flux; the factor 10 changes units to 
millimeters; and PWRNRF to the TWDT power is a 
compound interest type factor. 

WATR 801 
WATR 802 

Determine the amount of precipitation remammg to 
infiltrate this PMDT. Make sure it doesn't get negative. 

WATR 805 

Set state variable XWSTND equal to TWSTND. 



00640I=1,PHN~Z 
XWTt<H( I >=TWTHB<I-+1) 

6~0 CWPSI(I)=TWHB<l-+1) 

ENTRY W INIT 

/iEA.0(5, 670 >TWCCC 
WRITEC6,680) 
WRITEC6,690)TWCCC 

f,.EA.0(5,670 HWCCC 
ilRITEC6,690 )TWCCC 
REA0CS,/}PWDELW 
WRITEC6,710JPW0ELW 

[O 750 1=1, PWN 
TWI =- I•l 

7~0 FWTCl)=TWl•PW0(LW 

00 760 I=-t,,PNN 
IWJA=TWTH8Cl}/PW0ELW + 1. 
ItCTWJA .GE. PWN> TWJA=PWM-1 
TWAA=<TWTHSCl>•PWTCTWJA)) / PWDELW 

U,0 TW HB( I)= PW H (TW JA) + (PWHC TW JA + 1) •P WH( HUA l l •TW AA 

FWKSUMC 1 >=< PWKI N( l)+PWK I IH2 l >•< PWHC Zl•PWHC 1 l l•0.5 
00 77J 1=2,PWH-1 
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710 PWKSUH( I)=( PWIII NC I )+PWIIIN{ I +ll l•<PWHC I+ 1 >•PWHC I J >•0. 5 
PWIISUHCPWHJ=2.•PWKSUH(PWN•t)-PWIISUHCPWN•2) 

WATR 826 
WATR 827 
WATR 826 

Modeling 

Set state variable XWTHT A, theta of layers, equal to 
theta of appropriate node at end of PMDT (remember layer 
1 is centered on node 2). Set communication variable 
CWPSI, SWP of layers, equal to SWP of appropriate node at 
the end of PMDT. 

MATR 858 

This entry point is called once, from MAIN. It is used only 
for initialization purposes: l) to read in WATER variables; 
2) to initialize miscellaneous flags and variables; 3) to 
perf0rm calculations which need to be done only once. 

WA.TR 870 
WATR 871 
WATR 872 

Read and write a comment which may say, e.g., 
INITIALIZATION DATA FOR WATER. 

WATR 675 
WATR 876 
WATR 677 
WATR 678 

Read and write a comment which describes variable 
PWDELW, which is then read and written. In similar 
manner, variables PWH, PWKCAL, PWKIN, PWHDRY, 
PWHWET, PWM, PWTLIM, PWLLIM, PWRNRF, 
TWSTND and TWTHB are read and written. 

WATR 999 
WATRl000 
WATRl00l 

Set up array PWT, containing PWM values of theta, each 
PWDELW apart. The conductivity in PWKIN(I) and the 
SWP in PWH(I) correspond to a theta value of PWT(I). 

WATR1004 
WATR 1005 
WATR1006 
WATR1007 
WATR1006 

Calculate initial SWP values from theta values just read in 
TWTHB. Approach used is same as in line 483. 

WATRl0ll 
WATR1012 

+PWIISUHC I•l>WATR1013 
WATR1017 

Calculate PWKSUM, sum of conductivity times delta 
SWP. This is used in line 504 in average conductivity 
calculations. Each element in PWKSUM equals the previous 
clement plus an increment. Take PWKSUM(I), e.g. It 
equals PWKSUM(I-1) plus the increment, which is the 
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WRITEC6•760) 
7!'10 FORMAT"( t PWKSUH, 

WRITEC6•720) PWKSUH 

fiEAD(S,670 HWCCC 
WRITE(6,6?0)TWCCC 

D0100I•1,PMN•2 
A:A ♦ TSPR ( J) 

70 

average conductivity for theta between values of PWT(I) 
and PWT(I + 1), times the change in SWP for theta between 
values of PWT(I+l) and PWT(I). In line 1017, the last 
increment is taken equal to the second to last increment. 

WATR1020 
SUH Of CONDUCTIVITY TIMES DELTA PRESSURE•) WATR1021 

WATR1022 

The array PWKSUM, which was just calculated, is written 
out. 

MAYR 1025 
WATR1026 

Read and write a comment which says, e.g., END 
INITIALIZATION FOR WATER. 

SUBROUTINE WEAL 

WBAL is a small, simple subroutine which acts as an 
overall check on the accuracy of the calculations performed 
in WATER. For the time period in question, either TWDT 
or PMDT, it calculates \.VIN, amount of water into or out of 
the soil profile by transpiration, and top and bottom surface 
flux. It also calculates WSTRD, change in water stored 
during time period, from the changes in theta of each layer 
and from layer thickness. WBAL then determines the ratio 
of these two quantities. The calling program, WATER, in 
this case, then determines if the ratio is close enough to I. 

11'8AL. lb 
1<{8 AL 1 7 

100 ~STRD•wSTRO+(TMTAF(I ♦ 1)•THTll(l+1)l•0X(l) WBAL. 18 

~IN• SF• A ♦ SFB 

This is a DO loop through layers. Variable A accumulates 
transpiration, WSTRD accumulates changes in water held 
in layers. 

wBAL l~ 

Calculate WIN, change in water in profile from surface 
fluxes (top and bottom) and transpiration (convention is 
that water in is positive). 

111BAL 20 

Set HA TIO equal to a strange large number if WSTRD is 
small (avoid divide by zero or near zero). 

WBAI,. 21 

Actually calculate RA TIO if WSTRD is large enough. 



71 Modeling 

FUNCTION WTIME 

The purpose of this function is to determine total elapsed 
CPU time since the beginning of the run. Because we use the 
variable name TIME for other purposes in the model, the 
Burroughs Intrinsic Function TIME must be put in a 
subprogram of some kind in order for it to be used. The Z in 
the argument of WTIME is a completely dummy variable~
a FORTRAN function needs an argument whether it is used 
or not. 

l'ITM 08 

TIME(2) is CPU time in 60ths of a second. The factor 
0.016667 = 1/60 changes the right-hand side to seconds. 
CPU time is useful for debugging purposes. 
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COMPLETE PROGRAM LISTING 

SUBROUTINE w ATER 

SU BROJT INE WATER WATR 
C WATR 
C WRI nm i:IY PAUL w. LOHHEN WATR 
C DESERT B[OHE • ECOLOGY CENTER UHC 52 WATR 
C UTAH STAT£ UNIVERSITY WATR 
C LOGAN, UTAH 84322 WATR 
C WATR 
C AUGUST 1976 WATR 
C WATR 
C THIS SUB~OOEL Of THE WATER RESPONSE MOOEL CALCULATES SOIL WAlER WATR 
C POTENTIAL IN UP TO 8 SOIL LAYERS. INPUTS NEEDED ARE PRECIPITATION, WATR 
C PQT(NTIAL EVAPORATION, TRANSPIRATION• SOIL HYDRAULIC CONDUCTIVITY WATR 
C SOIL WATER CONTENT RELATIONSHIP, ANO SOIL WATER POTENTIAL• SOIL WATR 
C WATER CONTENT RELATIONSHIP. WATR 
C WATR 
C WATR 
cvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvwATR 
cvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvwATR 
C UST OF VARIABLES FOR WATE't WATR 
C WAIR 
C fHO(lQ) DEPTHS, CH, OF NODES BELOW SURFACE CA NOOE IS A POINT WATR 
C WHERE A WATER POTENTIAL IS CALCULATED) STARTING A.T SURFACEWATR 
C MA TR 
C ~HDX<lOl THICKNESS OF REGION CENTERED ON NODE WHERE COUNTING WATR 
C STARTS AT FIRST NOOE BELOW SURFACE ANO GOES DOWN WATR 
C WA TR 
C f'HOXX(lO) CHDXXCI)zCHO<I+l) ~ CHDCI) WA.TR 
C WA. TR 
C f'VTSPR(10) MH or WATER TAKEN FRON EA.CH LA.YER DURING PHOT WATR 
C WA TR 
C rwI~f NET TOP SURFACE FLUX FOR ?NOT, CH, ODES WATR 
C NOT INCLUDE 'f'.RANSP!RATION. WATR 
C WATR 
C rwPST{10) SOIL MATER POTENTIAL, 8ARS, VALUE AT ENO Of PMDT WATR 
C WATR 
C l'BGflG lf'"'.TRUE. WRITE DEtlUGGING INFORMATION TH!S TIME STEP WATR 
C WA. TR 
C l'EBUGl NUMBER Of TIME STEPS BETWEEN DEBUGGING OUTPUTS MATR 
C WA. TR 
C •LGflG IF=.TRUE. wRirE D[8UGGING INFORMATION THIS TMDT WATR 
C WA TR 
C PMDT TIME STEP UETERMINEO IN MAIN, DAYS WATR 
C 
C •MN 
C 
C 
C PWQlLH 
C 
C PWH(60J 
C 

C 
C PWH[RY 
C 
C PWHllET 
C 
C PWl((10) 
C 
C 
C 
C PWl(CAL 
C 
C PWl(IN(60) 
C 
C 
C PWl(SUH(60) 
C 
C PWLLI H 
C 
C 
C PWH 
C 
C PW Rh RF 
C 
C PW TC 60) 
C 
C "'WTLI H 
C 
C 
C PWWC( 10) 
C 
C 
C • 
C 
C 

WA TR 
Nl!H8(R Of NODES, SAME AS NUMBER Of NODES IN HEAT, WATR 
COUNTING STARTS AT SURFACE WATR 

WA TR 
INCREMENT lN VWC, TYPICALLY O.Ol•O ■ lZ WATR 

WA TR 
TABLE Of HYDRAULIC PRESSURE HEAD VERSUS THETA, BARS, WATR 
USING SAHE THETA SCALE AND SPACING AS P~KIN WATR 

WA TR 
ALLOWABLE LOW PRESSURE lIHIT FOR ANY LAYER WATR 

WATR 
ALLOWABLE HIGH PRESSURE LIMIT FOR ANY LAYER WATR 

WATR 
HYDRAULIC CONDUCTIVITY, Cl't2 BAR•l OAY•l, PWl((I) IS WATR 
CONOUCTIY[TY AVERAGED OVER TWOT, IN REGION BETWEEN NODES WATR 
I ANO ltl• WHERE COUNTING STARTS AT SURFACE. WATR 

WA.TR 
CONDUCTIVITY OF CALlCHE LAYER WATR 

WATR 
TABLE OF CONDUCTIVITY VERSUS THETA, CH2 BAR·l 0AY•1• WATR 
STARTING WITH VALUE AT THETA= O.O, READ IN IN WINIT. WATR 

WAT R 
ARRAY USED TO CALCULATE AVERAGE I(, (CM•BARS l/DAY WATR 

WA.TR 
LOWER LIHIT OF THETA, DIMENSIONLESS WATR 
CALCULATED IN WINIT ANO= SUH OF CONDUCTIVITY X DELTA H WATR 

WATR 
NUHBER Of ENTRIES IN CONDUCTIVITY ANO PRESURE TABLES WATR 

WATR 
RUNON TO RUNOFF RA.TIO PER OA.Y WA.TR 

WATR 
ARRAY CONTAINING UNIFORMLY OJSTRIBUTEO VALUES Of THETA WATR 

WATR 
LARGEST CHANGE IN THETA. ALLOWED FOR NODES 2 TO PMN~l WATR 
DURING ANY TIHE STEP TWOT. TYPICAL VA.LUE .01 TO ■ 02 WA.TR 

WA.TR 
WATER CAPACITY, BAR•l~ Of REGIONS SURROUNDING NODES• WA.TR 
COUNTING STARTS A.T FIRST NOOE BELOW SURFACE WA.TR 

WATR 
A VERY TE"PORARY VARIABLE• USED IN REFINED TWOT ESTIMATE~WATR 
TRANSPIRATION SECTION, REDUCTION Of TWOT If DELTA THETA WATR 
TOO LARGE, AND AS RATIO Of WATER IN TO WATER STORED WA.TR 

001 
002 
003 
004 
005 
006 
007 
008 
oo, 
0 10 
011 
012 
013 
014 
0 15 
016 
0 17 
0 16 
019 
020 
02l 
022 
023 
024 
025 
026 
027 
026 
029 
030 
OH 
0 32 
0" 
0 34 
035 
036 
0 37 
036 
039 

"' 0 4l 
042 
043 
044 
045 
046 
047 
048 
049 
050 
051 
052 
05:?: 
054 
055 
056 
057 
05' 
059 
060 
061 
062 
063 
0 64 
065 
066 
067 
066 
069 
0 70 
071 
072 
on: 
074 
075 
076 
077 
076 
079 
060 
0 81 
082 
063 
os, 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

s 

T 

TOH 

TI HE 

TSTART 

TM" ( 10) 

TWAH<lOl 

TWB{lO) 

HIBE<l0 > 

TWC ( l O) 

TW C(C 

TWO(lOl 

TWD T 
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AS CALCULATED IN WBAL. W ATR 

A VERY TEMPORARY VARIABLE - USED [N 
TRANSPIRATION SECTION, CONDUCTIVITY 
OF TWDT IF DELTA THEU TOO LARGE. 

WA TR 
REFINED TWOT ESTIHATE,WATR 
SECT ION, ANO REDUCTIONWATR 

WATR 
WATR 

A VERY TEHPORARY YARIAtlLE - USEO IN REFINED TWOT ESTIHATE.WATR 
WATR 

A SUBROUTINE 
SI HUL TANEOUS 
WHICH f □ RH A 

USED BY WATER ANO HEAT TO 
DIFFERENCE EQUATIONS, THE 
TRI-DIAGONAL KATRIX. 

SOLVE A SET Of WATR 
LEFT HANO SIDES OF MATA 

WA.TR 

CURRENT JULIAN DATE - BOO~KEEPING DONE IN HAIN PROGRAH. 
WATR 
HA TR 

WATR 
JULIAN DATE Of START OF AUN - INITIALIZED IN HAIN PROGRAHWATR 

W.UR 
FRACTION OF PWDELW INTERVAL, USED IN INTERPOLATING 

PARAMETER A FOR TRI~O[AGONAL MATRIX ROUTINE CTDH ROUTINE) 

ARRAY CONTAINING VALUES OF TWTHA(I} FOR Ia:2,PliN~l 

PARAMETER 8 FOR TOH ROUTINE 

CONTAINS ORDERED VALUES OF TWAAA. 

A VERY TEMPORARY VARIABLE N USED IN SURFACE FLUX 
CALCULATION, TRANSPIRATION SECTlON, ANO CONDUCTIVITY 
SEC I JON, 

PARAHETER C FOR TOH ROUTINE 

USED TO READ ANO WRITE COMMENTS IN INPUT DATA 

PARAHET£R O FOR TOH ROUT !NE 

ACTUAL TIME STEP WHER IS USING 

TWDTHP(l)) CHANGE IN THETA DURING LAST TWDT 

WATR 
WA TR 
lo/ATR 
WATR 
WA TR 
ilA TR 
WATR 
WA TR 
WATR 
WA. TR 
WA TR 
WA TR 
WA TR 
WATR 
WATR 
MA TR 
WAT R 
WATR 
WA TR 
ff ATR 
WATR 
WATR 
WATR 
WA·TR 
WA TR 
WATR 
WA TR 
WA TR 
WA TR 
WATR 
WATR 
ii AT R 
WATR 
WA TR 
WA TR 
WATR 
WA TR 
WA TR 
WA TR 
WA TR 
WATR 
WATR 
WATR 
WA TR 
MA TR 
WATR 
WA TR 
WHR 
WA TR 
WAT R 
WUR 
WATR 
W.HR 
WA TR 
WATR 
WA TR 
WATR 
WA TR 
WA TR 
HA TR 
WATR 
WA TR 
WATR 
WATR 
WA TR 
ii ATR 
WATR 
WATR 
WATR 
WATR 
WATR 
WATR 
WA.TR 

TWO TP 

TWO J Q 

"fWEVAP 

TWFf..lN 

YWHA( 10) 

TWH6( 10 l 

TI/HHA 

rwr t, 

rw JA 

TWJ!:I 

TWJ/1 

TW K SA 

TW 01',[ 

TM RAIN 

TWAP 

H!Sf 

TWSfB 

TW S Fa T 

TWSfC 

LENGTH OF PREVIOUS WATER TIME STEP 

HOLDS CURRENT VALUE OF TWOT AS IT !5 BEING REDUCED 
BECAUSE DELTA THETA IS TOO LARGE, 

EVAPORATIVE O[HANO, HH, WATER ro EVAPORATE FRON SURFACE 
DURING REHAINO[R OF PHOT 

EQUALS .TRUE, If SOIL PROFILE FROZEN, EQUALS 
.FALSE. rr NOT FROZEN, 

TEMPORARY VARIABLE USED TO SET UP PWT ARRAY. 

PRESSURE HEAD AT BEGINNING or TWDT, BARS 

PRESSURE HEAD AT ENO Of TWDT, BARS 

INTERPOLATED VALUES Of PWH 

EQUALS ,TRUE, IF SURFACE P~ESSURE IS WITHIN LIMITS 

INTEGER USEO IN PICKrnG VALUES Of I(; H Off TAOLES 

INTEGER USED IN PICKING VALUES Of K, H Off TABLES 

INTEGER COUNTER USED TU LIMIT NUHBER OF TWOT HALVING5 

INTERPOLATED VALUE Of PWKSUH 

[QUA.LS ,TRUE. If FIRST DELTA THETA APPROXIMATION HAS 
ALREADY OEEN DONE DURING CURRENT TWOT. 

RAIN, HH, WATER TO INflLTRATE, LEAVE STANDING OR 
RUNOFF DURING REMAINDER Of PHDT. 

EQUALS .TRUE. If RAIN OCCURS DURING TWOT 

EQUALS ,TRUE. If TWRAJN WAS TRUE LAST TWOT6 

SURFACE FLUX Of WATER OR VAPQR;CH 

FLUX OF WATER HOVING INTO PROFILE DURING TWOT THROUGH 
CAL !CHE, CH. 

FLUX or WATER HOYING INTO PROFILE DURING PHOT THROUGH 
CAL JCHE, CH. 

CALCULATED SURFACE flUX USING TWHBCl) ANO PWK{l). 

065 
086 
067 
086 
0'9 
090 
091 
092 
0 93 
094 
0 95 
096 
097 
0 98 
099 
100 
101 
l 02 
103 
104 
105 
l 06 
l 07 
108 
109 
110 
111 
l 12 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
lB 
134 
135 
136 
1 l7 
138 
139 
140 
141 
142 
143 
144 
145 
146 
l '7 
148 
149 
150 
l 51 
152 
1 5~ 
1 54 
155 

"' 157 
l 58 
159 
160 
161 
162 
163 
1 61, 
165 

"' 167 
168 
169 
170 
171 
l 72 
173 

Modeling 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

TWSfD 

rwsrnD 

TWSJRD 

TWTHlO) 

EQUALS TMSf•TWSfC 

STANDING WATER• HM• AFTER RUNON•RUNOff ASSU~PTIONS HAVE 
BEEN CONSIOEREO. 

CHANGE DURING TIHE STEP IN WATER STORED IN LAYERS Of 
PROFILE, CH. (SHOULD EOUAL TWWlN) 

WATER AVAlLABLE IN LAYERS, DIMENSIONLESS 

TWTHAA(lQ) VOLUMETRIC WATER CONTENT AT BEGINNING Of PHOT 

TWTHAC10) VOLUMETRIC WATER CONTENT (VWC) AT BEGINNING Of rwor 

TWTh8(10) vwc AT ENO or TWDT 

TWTHC THETA AVERAGED OVER TWOT FOR WHATEVER LAYER WE'RE 
CALCULATING AT THE HOHENT 

TWTK PROPORTIONALITY CONSTANT WHICH IS CALCULATED TO HAKE 
TRANSPIRATION OEHANO FRDH A LAYER PROPORTIONAL TO WATER 
AVAILABLE ANO RELATIVE ROOT AMOUNTS IN A LAYER. 

TWTHTS<13) RUNNING SUH OVER TWOT'S Of TRANSPIRATION BY LAYER• CH 

TWTSPR(10) TRANSPIRATION LOSS Of WATER FROH REGION SURROUNDING NOOE, 
CH, (TOP AND BOTTOM NODES EXCLUO[DJ DURING TWOT 

TWTTOT 

TWTW(6J 

TWU{10) 

TWWA( 10) 

TWW8(10) 

TWWIN 

" 
WBAL 

WT I NE 

TOTAL TIHE THAT HAS ELAPSED IN PHDJ. ODES NOT INCLUDE 
CURRENT TWDT, DAYS 

TRANSPIRATIONAL DEHANO BY FUNCTIONAL GROUP, CH 

WATER POTENTIALS IN 8ARS Of SOIL LAYERS AS RETURNED 
fROH SUBROUTINE TOH. 

USED IN S(TTING UP CALL TO TOH 

USED IN SETTING UP CALL TO TOH 

FLUX Of WATER HOVING IN TO PROFILE THIS TIHE STEP, 
EQUALS FLUX IN AT TOP+ FLUX IN fROH BOTTOM 

TRANSPIRATION, CH. <SHOULD EQUAL TWSTRO) 

A V(RY TEMPORARY VARIABLE~usED IN REflN[O TWOT ESTIMATE 

SUSROUTINE WHICH CHECKS OVERALL ACCURACY or CALCULATIONS 
OONE IN WATER• OETERHINES WATER INTO OR OUT Of PROFILE 
ANO COHPARES IT TO CHANGE IN WATER STORED IN PROFILE. 

FUNCTION WHICH RETURNS ELAPSED CPU T(HE IN SECONDS FROH 
START Of RUN. 

XHSOLT(l.)) SOIL HHPERATURE PROFILE, C, INO£X£0 BY NODES, SO 
XHSOLTC2>• E.G., IS TE11PERATUAE Of FIRST LAHR. 

XWSTNO STATE VARIABLE CALCULATED BY WATER EOUAL TO AMOUNT 
or WATER STANDING ON SOIL SURFACE, HH. 

XWTHTA(lO) THETA Of LAYER AT END or P11DT 

WATR 174 
WATR 175 
WATR 176 
WATR 177 
jjATR 178 
WATR 179 
WATR 160 
WATR 181 
WATR 182 
WATR 163 
WIITR 164 
WATR 185 
WATR 166 
WATR 187 
WATR le6 
WATR 169 
WATR 190 
WUR 191 
WATR 192 
WATR 193 
WA.TR l91o 
WATR 195 
WATR 196 
WATR 197 
WATR 196 
WATR 199 
WATR 20!> 
WA TR 201 
WATR 202 
WATR 203 
WA TR 204 
MATA 205 
MATA 206 
WATR 207 
WATR 208 
WA TR 209 
WATR 210 
WATR 211 
WATR 212 
WATR 213 
WATR 214 
WATR 215 
WATR 216 
WATR 217 
WA.TR 218 
WATR 219 
WATR 220 
WATR 221 
WATR 222 
WATR 223 
WATR 224 
WATR 225 
WATR 226 
WATR 227 
WATR 228 
WATR 229 
WATR 230 
WATR 231 
WATR 232 
WATR 233 

WATR 
C y A VERY TEMPORARY VARIA8LE • USED ONLY TO HOLD VALUE WATR 

2 31, 
235 
236 
2 37 
236 
2" 
240 
241 
242 
2 t, 3 
244 
245 
246 
247 
248 
24' 
250 
2Sl 
252 
253 
25' 
255 
256 
257 
258 
259 
260 
261 
262 
263 

C or FUNCTION WTI11L WATR 
C NA TR 
C 7 A OUHHY US[O AS AN ARGUMENT IN WTIHE WATR 
C 
C 7EVAP 
C 

WATR 
HH WATER POTENTIALLY EVAPORATED fROH SOIL SURFACE IN PHOT WATR 
VALUE OUTAINEO fROH SUBROUTINE PSWG WATR 

WATR C 
C 7R A IN 
C 

RAINFALL, 11H IN PHDT MATA 
WATR 

C 7RINT 
C 

RAINFALL INTENSlTY, HH/HR WATR 

C 
WA. TR 
WATR 

C END Of VARIABLES LIST fOR WATER WATR 
cvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvwATR 
CVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVfVVVVVVVVVVVVVVVVVWATR 
C WATR 
C WA TR 
C WATR 

C 

C 

C 

INTEGER PHN~PWH,TWJA,TWJS,TWJH,PMfGPS WATR 

LOGICAL oaGFLG,fLGFLG,TWFRZN,TWIN,TWON[,TWRAIN,TWRP 

DIMENSION PWWCClO), TWA(lO), TWBC10h TWCClOl, TW0(10l, 
1 TIITHAClO), TWTHBClO}, TWHA(lO>, TWHH(lOl, TWWAC10l, TWWB(lOJ. 
2 PWKPH60), PWHC60J, PWKSUH(60)• PWT<60) , TWU{10J.JWCCCC20) 
3 TWTSPRClOh TWK.SA(lOJ. TWHHA<lOl, TWOTHP{lOJ 
4 • TWTHAAC10h TWTHTS<lO), TWTA<lO), TWTWC6l 

WATR 
WATR 
WATR 
WA TR 
WATR 
WATR 
WATR 
WATR 
WA TR 



C 

75 

COHHON/OB/0£8UGt,OE8UG2,DE8UG3 WATR 
I/UR 

C011140N TI11E,TSTART,TEl'W,OT,OTPR,DTPL, WATR 
1 C.AARC6, 8 hC,\O[S TC 6,8 >, CADETH,CAUMS T ,COOU 12 ,4), CHO< 10 >, CHOX C 10 Jr WATR 
2CHOXX(10),CNFIX,CNSOf,CNSOS,CNS011F,CNSOl1S,CNSUP,CVOETHC12•4>, WATR 
~CVLTFRC11,4),CVPHENC6,8J,CVPHSC6),CVRDSTC6,10l,CVTSPRC6,8),CVVCOV,MATR 
~CW(NF,CWPSIC10J,Pl4DT,PHOTPL,PHOTPR,Pl1FGPS,PHJOAT,PMN,Pl1NCOH,PHNSP,WATR 
5 fW K< 1') l ,X.U.C 4 J,X AAVWT<4, 6 J, XAAIH (4 J ,X AfTSC4 l, XAF' WT< 4 l ,XANUHBC4 ,8 l, WATR 
6XASA(4 l • HSAWH 4 l ,XAYNGC 4), XAYWT (4) ,XHSOLT ( 10) ,X NHN,XNSONF, XNS OHS, MATR 
7XVFGC6,Sl,XVLITRC12,4),XVPLNTC6,8),XVTOTL,XWTHTAC10l,XWSTNO,ZAIRT,WATR 
8ZE VAP,Z ESUHvZPHPD, ZR AIN, ZR SUH ,ZRH, ZRI NT, ZRlSUH,ZSUN,ZT HAX ,z H!Ilh WA TR 
9ZMINO WATR 

C WATR 
C WATR 
Cl Ill Ill II III I II I I II IIIIIIIl II ti I I 1111 II f II III Ill I IIII II I II I II I I I I II IIIIWATR 
C lNITIAL OECtSIONS ANO SETTING UP CHAO( ONC£ £ACH CALL TO WATER) WATR 
C WITR 
C WATR 

C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

C 

C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

C 

C 
C 
C 
C 

TWOT=f"HOT 
CM llff=O. 0 
TMSFBT=o.o 
TWTTOT=O• 
Y=WTIHECZ) 
TMEVAP=ZEVAP 
1W R=lRAIN 
1MfRZN=.fALSE. 
lf(XHSOLT(2) .LE. •1) TWfRZN=.TRUE. 
OBGfLG"' ■ fHSE. 
trC OE8UG1 .U. 1. E•5> GO TO 10 
lf(HODCCCTIHE•TSTART)/PHOT>, OE8UGl) .LT ■ t.E-5) DBGfLG=.TRUE. 

10 CONTINUE 

TNillALIZE VOLUMETRIC MATER CONTENT CVMC) AND PRESSURE HEAD 
00 20 I=l,Pl•W 
TMT'1AH I )"TMTHBCI) 
IWTHA( I )=TMTHBC I) 

?O TWHA{l)=TMHB<I> 
TWTl,AA HOLDS VWC AT BEGINNING Of PHOT WHICH ISN'f ALWAYS THE SAHE 
RS THE BEGINNING Of TWOT, 
TWTHA A.NO TMTHB NOW CONHIN VMC AT BEGINNING Of TWOT 
TMHA ANO TMHB NOW CONTAIN PRESSURE HEAD AT BEGINNING Of TWOT 

TRAkSPIRHION SECT!ON 
TRANSPIRATION IS CVTSPRCFG,U BY FUNCTIONAL GROUP ANO LAYEft IN 
KG hA•l Cl KG HA-1 IS A LAYER Of WATER 10-5 CH THICK). 
l"ILD WAY WAS TOO CRUDE ANO THOUGHT IT COULD DECIDE AT BEGINNING Of 
PHOT HOW HUCH TRANSPIRATION COULD BE FOR EACH LAYER. NOW DECIDE 
THl~ FOR EACH TWOT 

CUJOI=l,PHN-2 
>:O lWTHTSC I >=O.O 
~UH WAfER DEMAND fOR £A.CH ruNcrIONAL GROUP. 

(.0 40 J::,1,6 
i.o TWTM(I>=O.o 

00 50 I:::1,6 
[,Q50J"' 1, PHN•2 

TlflllCI) IS MATER DEMAND OF FUNCTIONAL GROUP FOR PHOT, CH 
~O TWTW(I>=TMTWCll+1.E-5•CVTSPRCI,Jl 

fNITIAL STAB AT TWOT 

W ATR 
MA TR 
WATR 
If.HR 
WA.TR 
WATR 
WATR 
WATR 
lfATR 
WA TR 
WATR 
WATR 
MA.TR 

WATR 
WA TR 
WA TR 
HATR 
WA TR 
HATR 
HA TR 
WATR 
II A TR 
HA.TR 
WA.TR 
WA.TR 
WATR 
HA TR 
WA.TR 
WA TR 
HA TR 
WA TR 
MA TR 
WATR 
MATR 
WA TR 
WA.TR 
WA TR 
WAIR 
MA.TR 
WA.TR 
WA TR 
WATR 
WAIR 
HATR 
WA.TR 

lF CONDITIONS ARE ROUGHLY THE SAHE 
Tf RAINFALL DURING PHOT IS GREATER 
WATER 1/48 DAYCl/48=0,02083). 

AS PAST TlHE STEP, KEEP TMOT SAHE.MA.TR 
THAN 4HH, SAY, HAKE TIME STEP IN WA.TR 

A(GlNNJN5 Of TWOT CALCULATION 
60 CONTINUE 
rHECK FOR FROZEN SOIL 

lf( ,NOT, TWfRZN> GO TO 70 
THRAIN=.rALSE. 
TWEVAP"'o.o 
JWRP:.fALSE. 
GOT01)0 

70 If((TMR+TMSTNDJ,LE.4.JGOT080 
rw RA IN :: • TRUE. 
TMDT='.J.02083 
If(fWfl:PJGOT090 
GO TO 120 

80 TMRAIN,,.fAlSE. 
QQ IWDT=TWOTP 

1"0 CONTHfUE 
REflNEO TMOT ESTIMATE 
CHECK If LARGEST VALUE Of 
RETWEEN 3.3 ANO 0.9 TIMES 
rr. 

R:::O, J•PWTLIN 

i=0.9•PWTL IM 

TWDTHP, CHANGE (N THETA LAST HIDT IS 
PWTlIM. If IT IS ESTIMATE NEXT TWOT fROK 

WATR 
HATR 
WATR 
WAIR 
WATR 
WATR 
WA.TR 
WATR 
WA.TR 
MA Tff 
WAIR 
WATR 
WA.TR 
WA TR 
H ATR 
WA.TR 
WA.TR 
WATR 
WATR 
WA TR 
WATR 
WATR 
WA.TR 
HATR 

WATR 

264 
265 
266 
267 
266 
269 
270 
271 
272 
273 
274 
275 
276 
277 
276 
279 
260 
281 
282 
283 
284 
265 
286 
287 
288 
289 
2 90 
291 
292 
293 
294 

295 
296 
2 97 
2" 
2 99 
300 
301 
302 
30 3 
304 
305 
306 
307 
308 
30 9 
310 
311 
312 
313 
314 
315 
H6 
317 
316 
3 19 
320 
321 
322 
323 
32fo 
3 25 
326 
327 
328 
329 
HO 
331 
332 
333 
334 
335 
336 
337 
338 
339 
340 
341 
342 
343 
34' 
345 
346 
347 
348 
349 
350 
351 
352 
353 

Modeling 



Lommen and Marshall 76 

C 

C 
C 
C 

C 
C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 

110 

12 0.0 
00110la2•PHN-1 
U=ABSCTWOTHP(l)l 
lFCU.LT.R>GOT0110 
IF(U.GT ■ S)GOT0120 

IF(U.GT.TH=U 
CONTINUE 
If'CT.LT.RH=R 
IF(T.l[.o.o>GOT0120 
TWOT=l.9•TWDT*(PWTLIH/T) 

l~O IF(TWOT .GT. (PHOT-TWTTOT)) TWDT=PHOT-TMTTOT 
rNO INITIAL STAe AT TWOT 

1 W .JH = 
TWJH IS A 
1-IALVINGS 

0 
COUNTER WHICH ALLOWS A LIHITEO NUMBER Of TWDT 

11:0 CONTINUE 
REGINNING or LOOP TO CALCULATE PRESSURES ONCE TWOT IS SET 

CHECK FOR FROZEN SOIL 
lf<TWFRZN) GO TO 150 

~URfACE FLUX CONSIDERS RAIN, 
TRANSPIRATION). 

STANDING WATER AND [YAPORATION csur NOT 

~ATER IN IS PLUS, OUT IS HINUS. THIS IS POTENTIAL flUX, 

AEGlN HAIN ITERATION LOO~ WITHIN TWDT 
TWSf NOT TWSfC IS USED FOR SURfACE FLUX IN EQUATIONS SECTION. 
TH[ ALTERNATIVE rs TO USE TWSFC ANO PASS ON A CORRECTION= TWSf 
rwsrc TO NEXT TIH[ STEP. 

WHR 354 
WATR 355 
WATR 356 
WATR 357 
WATR 358 
WATR 359 
WATR 360 
WATR 361 
WHR 362 
WATR 363 
WA TR 364 
WATR 365 
WATR 366 
WATR 367 
WHR 366 
WATR 3{19 
WHR 370 
WATR 371 
Wi\TR 372 
WA TR 373 
WATR 374 
WATR 375 
WA TR 376 
WATR 377 
WATR 378 
WATR 379 
WATR 380 
WATR 381 
WATR 382 
WATR 383 
WA TR 384 
WATR 365 
WATR 386 
WATR 387 
W,HR 31!8 
WATR 389 

C rwR. TWSTND~ TWEVAP IN HH. WATR 390 
TW=AHTN1CTI/R,.(ZRINT.,TWDT*24,)) WATR 391 
HI SF=TII• TWS TNO•T WEVAP• TM OT /PHOT WATR 392 

C AOTH TWSTNO AND TWSF ARE IN HH AT THE HOH[NT WATR 393 
C PE.ALLY WANT SURFACE FLUX IN CH FOR TWOT NOT lotH WATR 394 

140 TWSf=TWSF*O.l WATR HS 
GO TO 160 WATR 396 

1'>0 TWSF=').0 WATR 397 
lf,Q CONT P~UE WATR 396 

C nm TNITlALIZATION SECTION WATR 399 
C IITI I II III! IIII II Ill I III II (lilt I III II II IJII II IIIJ !Ill II II II II III III IlirWATR 40::l 
C WATR 401 
C WATR 402 
C WATR 403 
C WATR 404 
CTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTfTTTTTTTTTTTTTTWATR 405 
C TRANSPIRUION SECTION WATR 406 
C WATR 407 
C WlThORAW WATER FROH A LAYER PROPORTIONAL TO WATER AVULABL[ ANO WATR 406 
C l'"RACTION OF RUOT$ IN THAT LAYER. TWTK IS PROPORTIONALITY CONSTANT WATR 409 
C l'"OR FUNCTIONAL GROU-P BEING CALCULATED. WATR 410 
C 'WTSPfl(I) IS TRANSPIRATION fROH LAYER I DURING rwor. CM. WATR 411 
(; WA.TR 412 

ReTWOT/PHOT WATR 413 
C.Ol70I=l,.Pl'IN-2 WATR 414 

PO TWTSPRC l l,,,O.O WA.TR 415 
C rurER 00 LIHIT GOES TO 6 RATHER THAN PHFGPS IN ORDER TO WATR 416 
C fNCLUO[ ANNUALS IN PLACES 5, 6 IN ARRAYS CVTSPR ANO CVROST WATR 417 

00 210 J 2 l•6 WATR "16 
TWTK,,,a.o WATR 419 
001801::t,PHN-2 WATR 420 

C TWTA IS WATER AVAILABLE IN LAYER~ OIHENSIONLE$S WATR 421 
lWTA(l>=TWTHACI+l)~PwLLIH WATR 422 

1AO TWTK=TWTK•TWTACIJ•CYROSTCJ,I) WATR 42l 
C rOLLOWJN& LINE ADDED SO LACK Of FUNCTIONAL GROUP OR LACK Of ROOTS WATR 424 
C SOMEWHERE DOESN'T SCREW TRANSPIRATION CALCULATION ■ WATR 425 

C 
C 

C 

IFCTWTK .l[. l ■ E-6) GO TO 190 WATR 426 
TWTK~R•TWTW(Jl/TWTK WATR 427 

1110 CONTINUE WATR 426 
002001=1,PHN-2 WATR 429 

2"0 TWTSPRC I l"'TWTSPR( I )+TWTK*TWTAC I >•CVROSTC J,I) WATR 4 30 
210 CONTINUE WATR 431 

l'"INt LARGEST DELTA THETA 
TW=D ■ '.l 
002301:zl•PHN-2 
S= TWTSPR CI )/CHDX Cl) 

THIS WOULD RESULT IN FDR THIS TWOT. 

NEYER TA~[ ALL THE AVAILABLE MATER. 
IFCS.LE.CTWTA(J)•0.5))GOT0220 
TM TS PRC I >=TWT A( I l •0.5*CHOX( I) 
S:TWTSPRC I l 

2?0 CONTINUE 
JfCTW.LT.SJTW=S 

2-SO CONTINUE 

WATR 432 
WATR 433 
WATR 434 
WATR 435 
WATR 436 
WATR 437 
WATR 436 
WATR 439 
WATR 440 
WATR 441 
WATR 442 
WATR 443 
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C TF 1W IS TOO LARGE, REDUCE TWOT ACCORDINGLY 
lF((T~.LE.PWTLlH).OR.CTWJH.GE.2).QR.(TWOT.LE.o.02oa3,)GOT0240 
TWJH=TWJH+l 

MATR 444 
WATR 445 
WAIR 446 
WHR 447 
WATR 448 
WATR 449 

TWOT=TWOT•0.9•PWTLIH/TW 
lf(TWOT.LE.0.02063)TWOT=0.02083 
GO TO UO 

240 C0NTrNUE WATR <150 

C WATR 450 
C rN0 TRANSPIRATION SECTION WATR 451 
CTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTWATR 452 
C WA.TR 453 
C WATR 454 
C WATR 455 
C WATR 456 
cccrccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccwArR 4S7 
C f,[NERATE VALUES Of CONDUCTIVITY ANO SPECIFIC WATER CAPACITY WATR 458 
C ~ROH VALJES OF VWC WAIR 459 
C 
C Tf CONDITIONS ARE ROUGHLY THE SAHE THIS TW0T AS UST, 

WATR 460 
WATR 461 
HUR 462 
WA.TR 46:: 

C ~PPR0XIHATE CHANGES IN THETA BY ASSUMING FOR NOW THAT CHANGES 
C THIS TWOT EQUAL CHANGES LAST TMOT. If C0N0ITl0NS ARE NOT THE SAKE 
C ASSUME FOR NOW THAT BEGINNING ANO END VALUES ARE THE SAHE. 
C r,o THROUGH THIS SECTION ONLY UNCE FOR EACH TWOT 

C 

IF<TW0NE) GO TO 280 
TW0NE=. TRUE. 
IF<<TWRP .ANO. TWRAIN) .QR. «.NOT. TMRP) .ANO. {.NOT. TMRAIN))) 

tGOT0250 
C.0 TO 280 

2,:;o CONTINUE 

D0270I=2~PMN 

S=Th'0T/TM0TP 
lf{S.GT.1.)S=SQRT(S) 
iW=TMTHB(I)+S•TWDTHP(I) 
IF(TW .GE. PMT(PWH)) GO TO 260 

If<TW .LT. PWLLIH> TW=PWLLIH 
TWTH8( I l=TW 
IF(l.GT.2)G0T0270 

C PECALCULATE PRESSURE VALJE OF TOP LAYER 
C PWT(TWH) ANO PWT(TWJA+l) BRACKET TWfH8(I) 

lWJA=TWTH8{I) / PWU[UI ♦ 1. 
TWA.\ IS FOR INTERPOLATING 

HI AA=( TW T H8 { I J-PWT { TWJA) )/PWD[LW 
TWHfl ( f J "PWH (T\IJ A)+ (PWH( TWJA+ t )~P WH( TW JA)) •TWAA 
GO T[) 270 

2f.0 Tk'THIHl J=PWf<Pk'H) 
T W H tH I)= PW H ( PW M) 

270 C0NTI~U[ 

WATR 464 
WATR 465 
WATR 466 
WATR 467 
WA.TR 468 
WA TR 469 
WATR 470 
WATR 471 
HATR 472 
WATR 473 
WATR 474 
WA.TR 475 
MATR 476 
WATR 477 

WATR 4 78 
WATR 479 
wtiTR 1,80 
WATR 481 
WATR 482 
WATR 483 
WATR 484 
WATR 485 
WA.TR 486 
WATR 487 
WATR 468 

21'10 C0NTiiU[ 

WATR 
WA TR 
WA TR 

C WATR 
C WA TR 

00 ~2·JI=2•PMN•I WATR 
TWTHC =(TWTH.l.{I) ♦ fWTH8(1)) / 2, WATR 
IFCfilfHC .GT. PWT(PWM)l TWTHC,,PIH(PWH) WATR 
lf(TIHHC .LT, PWlllH) TWTHC=PWLLIH WATR 

PWf([WH) .I.NO PWT<TWJA ♦ l) BRACKET TWTHC WATR 
TWJA=fWTHC/PW0[LW t 1. WATR 
If( TWJA .G[. PIOO TWJA=PWM-1 WATR 

TWA.A IS FOR INTERPOLATING ii.UR 
HIAA=(TWTHC-PWT(TWJ.l.)J/PM0[LW WATR 

TWKSA AND TWHHA ARE P.I.RT or .1.V[RAG[ CONDUCTIVITY CALCULATION WATR 
TWKS.I.( I )=PWKSUM (TWJA )+ ( PWKSUH( rw JA ♦ 1) •PMKSUH{TWJ A)) •TM AA WATR 
TilHHA( I l=PWH( TWJA l t < PWH( TWJ A+ l )•PWH CTWJA) J• TMAA WA TR 

C r.ALC.ULATE WHER CAPACITY WATR 
C TJ [S SIMPLY THE RECIPROCAL Dr THE SLOP[ or PRESSURE vs~ THETA WATR 

PWWC(I-1) = PW0[LW/(PWH(TWJA+l)-PWH(TWJA)) WATR 
IF(I,LE,2lGOT0310 WATR 
IFCTWJ~ .EQ, TWJA) GO TD 300 WATR 
PMK( r-1 )=( T WKSA<I )-TWKS A( r-1 J )/( TWH HA{ I J ~rwHHA(I ~1 J) WA TR 
GO fO 310 WATR 

31'10 fWK< J•l )=(PWKSUH( TWJA+1 J•PWKSUH(TWJA)) / (PWHC TWJAtl J~PWH<Ti/JA)} WATR 
310 h'JB::TWH WATR 

C TWJ~ IS !JSE0 TO HOLD UN TO TH[ VALUE or TWJA FOR ONE HORE PASS WATR 
C THRCUGH 00 LOOP WAIR 

3?0 CONTINUE WATR 

C WATR 
C ~NO C0N0JCTlVITY <EXCEPT FOR TOP UYERJ ANO WATER CAP. CALCULATIONS WATR 
cccrccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccwATR 
C WATR 
C WATR 
C WATR 
C WATR 
C8ijR.8888888i8888808888888B88888888BBBBB8BBBBBBBBBBBB8888B888888BB889BB88WATR 
C "-OUhOARY CONDITION SECTION WATR 
C WATR 
C WA TR 
C roR TH[ 80TTDH BOUNDARY CONDITION HUST 8[ ABLE TO SET CONDUCTIVITY lNWATR 
C THE REGION IHHEDIATELY ABOVE THE BOTTOM NOOE. ME HUST ALSO SET WATR 
C 0 RESSURE HEAD AT BOTTOM NOOE. PRESSURE HEAD WILL BE Cf\LCULATEO WATR 
C roR NODES 2 THROUGH PHN-1 WATR 
C PWK(PHN-ll ANO TWHBCPHN) WERE RE~0 IN IN MINJT. THEY REPRESENT WATR 

"' 490 
491 
4 92 
4 93 
494 
4 95 
496 
4 97 
4 98 
4 99 
500 
501 
502 
503 
504 
505 
506 
507 
508 
509 
510 
511 
512 
513 
514 
515 
516 
517 
518 
519 
520 
521 
522 
523 
524 
525 
526 
5 27 
528 
529 
5 30 
531 
532 
5 33 
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C rALlCHE LAYER CHARACTERISTlCS. 
C 

WAIR 
WAT R 

C 
C TOP BOUNDARY CONDITION 

WA TR 
WAIR 
WAIR 
WA TR 
WA.TR 
WAIR 
WATR 
WA TR 
WA TR 
WATR 
WATR 
W.UR 
WATR 
MATR 
WATR 
WATR 
WA.TR 

C ~ARLIER IN THIS ROUTINE ACTUAL SURFACE fLUX WAS SET EOUAL TO 
C POTENTIAL EVAPORATION OR RAIN 

C 
C 
C 

C 

C 
C 

C 

C 

C 

C 

C 

C 

C 

C 

C 
C 
C 

C 

C 
C 
C 

IF<TWSF.LT.O.O)GOT0330 

TWSF GREATER THAN OR 
CAN TWSF BE HET WITH 

JWHB(l)=PWHWET 
TW T !JB< 1 ):,PWT (PIHO 
GOT0340 

3~0 CONTINUE 
TWSF LESS THAN ZERO 
UN TWSF BE HET WI TH 

JWHBCl)=PWHORY 
TWTHBCll=PWLLIH 

EQUAL TO ZERO 
HAXIHUH <WETTEST) CONDITIONS? 

HAXIHUH CORIEST) CONDITIONS? 

WA.TR 
3t.O CONTINUE WA.TR 

lALCULAT[ PWK(l) WAIR 
TWHIC=TWTHBC1) WATR 
lFCTWTHC .GT. PWT<PWHJ> TWTHC=PWT<PIHO WATR 
IF<TWTHC .LT. PWLLIHl TWTHC=PWLLIH WA.TR 

PWTCTWJA) ANO PWT<TWJA+ll BRACKET TWTHC WATR 
TWJA=TWTHC/PWOEUI ♦ 1. WATR 
IFC TWJA .GE. PWH) H/JA=PWH-t WATR 

CHECK IF WATER CONTENTS OF FIRST TWO NODES ARE VERY CLOSE WAIR 
If({TlfKSA(2l ■ GE. PWKSU!ol(TWJA)) .ANO. CTWll:SA(2) .LE. PWKSUH<TWJA ♦ lWATR 

1 l)l GO TO 350 WATR 
TWAA IS FOR INTERPOLATING WATR 

JWAA:(JWTHC•PWT(T~JA))/PWDELW WATR 
lWKSA( 1 )"'PWKSUH( TMJA )+( PWKSUHCTWJA+l l-PWKSUIH TWJA) >•TWAA WA.TR 
lWH~A(ll=TWHB(ll WAIR 
FW KC 1>= C TWKSAC2 )-TWKSAC 1 l )/ <TWHH AC 2 >-TWHHAC l) l WATR 
GO TO 360 WATR 

3"0 ?WK(l) = CPWKSUHCTWJA ♦ l)-PWKSUH(JWJA)) / (PWH(TMJA ♦ l) WATR 
1 •PWHC TWJA)) WAIR 

360 CONTINUE WA.TR 
lWSFC:PWKCl)•TWOT•CTWH8(1}-TWHBC2l ♦ 9.833E-4•CHOXXC1))/CHOXXCll WATR 
If( TWSF .LT .O.O JGOTOHO WATR 
lFCTWSFC.GE.TWSflGOTOHO WATR 
GOTD380 WATR 

370 lfCTWSfC.LE.TWSflGOT0~90 WAIR 

3P<O CON Tl NUE 
rANhOT HE[T rwsr EVEN 

TW[N=.FALSE. 
lWSFO=TWSf-TWSFC 
TWSF=TWSFC 
GOT0400 

3QO CONTfNUE 

WITH HAX IHUH SURFACE CONOITIONS 

rAN HE[T OR EXCEED DEHAN□ BUT THERE'S NO POINT FINDING KORE 
ACCURATE VALUES FOR lWHBCl) OR PWKCl) 5JNCE NElltlER VEG NOR WATER 
USE EITHER ONE. 

rwrn=.TRuE. 
TWSFD=O.O 

WATR 
WA.TR 
WAIR 
WA TR 
WATR 
WA TR 
WA.TR 
WAIR 
WATR 
WATR 
WATR 
WAIR 
WA.TR 
WATR 
WATR 
WATR 
WATR 
WATR 

CHECK If PROFILE FROZEN WATR 
C TF YES, DECREASE CONDUCTIVITY GREATLY ANO PREYENT WATER HOVEHENT WATR 
C WITHIN PROFILE. LEAVE CALICHE LAYER CONOUCT(VITY AS rs. WATR 

If( .N □ T. TWFRZN) GO TO 420 WAIR 
[04101=1,PHN-2 WAIR 

410 PWK{ l>=PWKC I l•l.E-6 WAIR 
4?0 CONTINUE WATR 

C WATR 
C WAIR 
C >NO TOP >lOUNOARY CONDITION CALCULATION WAJR 
CBBq886BBBBdBBBBBBB86888888800BBBBBBBBB08BB88880888888880080088808088BBBWATR 
C WAT R 
C WA TR 
C WATR 
C WA TR 
CEE•EEtEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE(EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEWATR 
C ~ow. HAUL OUT THE HAIN EQUATIONS. CALCULATE THE COEFFICIENTS ANO WATR 
C rALL TOH (THE TRI-OIAGONAL•HATRIX ROUTINE) TO DETERMINE THE WATR 
C PRESSURE HEAD AT THE PHN•2 NODES. WA.TR 
C WA.TR 
C l'H AFRAID SOHE OF THE NUMBERING IN HERE CAN BE CONFUsJnG. TH[ WAIR 
C PRESSURE AT NODES 2 THROUGH PHN-1 ARE DETERMINED BY THE TOH WATR 
C POUTINE. AT NODE l• SURFACE FLUX OETERHINES PRESSURE CTWHBCl)l WATR 
C lND AT NOOE PHN THE PRESSURE IS A CONSTANT WHICH IS READ IN. WAIR 
C THE CONOJCTIVITIES ARE AVERAGES OVER TWOT FOR THE REGIONS BETWEEN THEWATR 
C NODES. THE FIRST VALUE IS FOR THE REGION BETWEEN NODES 1 ANO 2• WATR 
C ANO THE LAST V~lUE. PWK(PHN-1>• IS FOR THE REGION BETWEEN NODES WATR 

534 
535 
5 36 
537 
538 
539 
540 
5" 
542 
5" 
544 
545 
546 
547 
548 

'" 550 
551 
552 
553 
554 
5 55 
556 
557 
556 
559 
560 
561 
562 
563 
564 
565 
566 
567 
566 
569 
570 
571 
572 
573 
574 
575 
576 
577 
578 
579 
560 
561 
582 
5 6 ~ 
564 
5'5 
586 
567 
566 
569 
590 
591 
592 
593 
594 
595 
596 
597 
596 

"' 600 
601 
602 
603 
604 
605 
606 
607 
606 
609 
610 
611 
612 
613 
614 
615 
616 
617 
616 
619 
620 
621 
622 .,, 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

79 

"HN•t ANO PHN AND IS RUD IN AND REPRESENTS THE CONDUCTIVITY or THE 
fALICHE LAYER ■ THE WATER CAPAC I TY PWWCCI) tS AN h'ERAGE OVER HIDT 
l'OR A REGION CENTERED ON NOOE l ♦ l. VALUE_S ARE NEEDED FOR NODES 
? THROUGH PHN•t. THE THlCKNESS or A REGION CENTERED ON A NOOE I ♦ 1 
TS CHOX([). VALUES ARE NEEDED FOR NODES 2 THROUGH PHN•l ■ 
THE~£ IS FURTHER POSS18ILITY FOR CONFUSION BECAUSE EOUATION I IN 
TOM IS FOR NODE I+l ■ 

TT HAS BEEN DECIDED <NOT BY HE OBVIOUSLY) THAT THE UNITS FOR 
PRESSURE IN THIS SUBROUTINE ARE BARS. THUS, CONDUCTIVITY HAS UNITS 
nr CH+2 BAR-1 OAY-1. WATER CAPACITY IS IN BAR-1. PRESSURE HEADS 
nut TO HEIGHT DIFFERENCES HUST BE HUlTIPLIED BY 9.833[•4 BAR/CM 
TO GET BARS. TO CONVERT TO PRESSURE UNITS IN CH HUST MULTIPLY 
l'ONOUCTIVI TY BY 9.833E-4 8.\R/CH ANO GET UNITS Of CM/DAY. Co\N USE 
PRESSURE DUE TO HEIGHT DIFFERENCES DIRECTLY IN CH. THE CONVERSION 
FACTOR IS 9.83JE•4 BAR/CH OR 1017 CH/BAR. 

W ATR 
WATR 
WA TR 
WA TR 
WflTR 
WATR 
WATR 
WA TR 
IHTR 
WATR 
WATR 
WATR 
WATR 
WATR 
WATR 
IIATR 

C WATR 
C.O 43, I=1*Pl'IN•1 WATR 
TWWACI) = PWK<I) / CHOXX(l) WATR 
If<I .EQ. PHN•l) GO TO 430 WATR 
TWW8CJ) = CZ.•PWWC(Il•CHOXCI)) / TWOT WATR 

41:0 CONTINUE WATR 
C WITH TWWA ANO TWWB GENERATE ABca•s FOR TOH WATR 

00 44J f=Z• PHN•3 WATR 
TWUI) TWWA<I+lJ lr!ATR 
lWC(I> = TWWACI) WATR 
JWB(l) = TWWB(IJ+TWA(I)+TWC(I} WATR 

4li0 TWO< Il = HIHA(I +ll •CTWWB( I>•TWA<I )•TWC( J}) TWHAC I>•TWC<I) WATR 
l + TWHA(l+ZJ•TIU(I) + z.•(PWK(I) • PWK<l+lJJ •\l.833E•4 WATR 
2 •2.•TWTSPRCJJ/TWDT WATR 

C ~ALCULATE FIRST ANO LAST VALUES WATR 
TWA(lJ TWWA(2) WATR 
TWC<l> = O. llATR 
rwacu = TWW8(1) + TWA(l) WATR 
TMO(l) = TWHACZJ•(TWWB{il•HfACl)) • TWHA(3)•TWA(l) WA.TR 

1 + TWSf•Z./TWDT -z.•PWKC2)•9 ■ 633E•4 WATR 
2 •2.•TWTSPRClJ/TWOT WA.TR 

1WA<P!-IN•2> Q. WATR 
HlCCP"fN-2) = TWWA(Pl'IN-2) WATR 
TWBCPMN•ZJ = TWWBCPHN•2) t TWCCPMN•2) +TWWA(PHN•I) WATR 
lWOCP~N-2) = TWHACPHN·l)•(TWW8(PHN•2)•TWC(PHN•2J-TMWA(PHN•l)) WATR 

1 t Th'HA(PHN•2l•TWCCPHN•2) ♦ 2.•TWHB(PMNJ•THWACPHN-1) WATR 
2 +2.•(PWK(PMN•2)•PWK(PHN•1)) •9.833E·4 WATR 
3 •2,*TMTSPR(PHN-2)/TMOT WATR 

C WA TR 
C t'NO EOUHION SECTlON IIATR 
C Wo\TR 
C HATR 
CEEF(EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEWATR 
C WATR 
C WA.TR 
CT T TT T 1 TT TTTTTTTT TT TT TTTT TT TT TTTTTTTTTTTT Tr TT T TTT TTTTT TT TTT TTT T TT TTTTTTT WATR 
C CALl TDH TO CALCULATE PNN·2 PRESSUBES FOR NODES 2 THROUGH PNN-1 HA.TR 

CALL TQH(TWA, Ti18, TWC, TWO, TMU, PHN•2) WHR 
CTTTTTlTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTHATR 
C MATR 
C WATR 
C WATR 
C WA TR 
CHH~HHNHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHMHHHHMMMMHHHHHHMHHMHWATR 
C HERE ARE SOME HISCELUNEOUS CHECKS, DECISIONS ANO Co\LCULATIONS MA.TR 
C WATR 
C tALtULATt THETA fOR NODES 2 TO PHN-1 USING PRESSURE VALUES JUST WATR 
C OBTAINED FROM TOM. USE WATER Co\PACITY AU HANKS. OELH THETA= WATR 
C O[LTA PRESSURE TIMES WATER CAPACITY. MA.TR 
C WATR 

C 
C 

C 
C 

004501=2,PHN·l MATR 
1WTH8CIJ=TWTHACI>•PWWC{I-I>•<TWU(I•l)·TWHACIJJ WATR 
IfCTWTH8<IJ .GT. PWTCPMH)) TWTHBCI>=PlfTCPWH) HATR 
If<TWTHB<IJ ,U. PWLLIH) TWTH8<IJ,,PWLLIH HATR 

4"i0 CONT tNUE HATR 

CALCULATE TWHB fROH TWTHS 
C.04601=2,PHN-1 
TMJA=TMTHB< I l/PWOELM+l. 
IF( TWJA .GE. PWH) TMJA=PWH•l 
TMAA=CTWTHBCIJ•PWTCTWJA)J/PMOELW 

4~0 TWH8CIJ~PWH(TWJA)+(PWH{TWJA+l) • f>WH< HIJo\))•TWAA 

C f:HECK IF ANY DELTA THETA'S TOO LARGE. IF YES, REOUCE TWOT 
00470["'2~PHN~t 

MA TR 
WA TR 
HATR 
WA TR 
WA TR 
WATR 
WA.TR 
MA TR 
MA TR 
WA.TR 
MA TR 
MATR 
HA TR 
MATR 
HATR 
WA TR 
MA TR 
WHR 
MATR 
WATR 

S= A8S( TM THB CI )·TWTHAC I J) 

If(S.GT.PWTLIH)GOT0~60 
470 CONTINUE 

GO TO 510 
41'-0 JfCTWJH.GE.2)GOT0510 

TW OTO=TWOT 
TWDT,.TWOT•0.9•PWTLIH/S 
IWJN=TWJH+ l 

C noM•r LEf rwor GfT SMALLER THAN 30 MINUTES 

624 
625 
626 
62T 
628 
629 
630 
f:>31 
632 
633 
6 34 
635 
636 
637 
638 
639 
6 40 
641 
642 
643 
6 44 
645 
646 
6'7 
648 
649 
650 
651 
652 
653 
654 
655 
656 
657 
658 
659 
660 
661 
662 
663 
664 
665 
666 
66T 
668 
669 
670 
671 
6 72 
673 
674 
675 
676 
6 77 
676 
6 79 
6 eo 
681 
682 
683 
66' 
685 
686 
687 

"' 669 
690 
691 
6 92 
693 
694 
695 
696 
697 
698 
699 
700 
701 
702 
703 
704 
705 
706 
707 
708 
709 
710 
711 
712 
713 
714 
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IFCTWOT.Lt.0.02083}TWOT=0.02083 
R=TWDT/TWOTQ 

4~0 L0500[=2,PHN-1 
TWHB(I)=TWHA(l) ♦ {TWHB(I)-TWHA(l)}•R 

5"0 IWTHBC I >= T WTHA( t) • C TWTH8( I )-TW TH A( I )) •R 
GO TO 130 

510 CONflNUE 

WATR 715 
WATR 716 
WATR 717 
WATR 716 
WATR 719 
WATR 721) 
WATR 721 

C 
C 
C 
C 

C 
C 

C 

CHECK WATER BALANCE 

TWSFB=-PWKCAL•TWOT•(CTWH8(PHN•1) ♦ TWHACPHN-1)) • .5 
1 +9.833E•4•CHOXX(PHN-l> - TWHSCPHN)> / CHOXX(PHN-1> 

CALL WBAL( TWTSPR, rwsr. rwsre. TWTHA, TWTH8, CHOX, P~N. 
1 TWWIN, TWSTRO, R> 

WATR 
WATR 
WATR 
WATR 
WATR 
WlTR 
WATR 
WATR 
WATR 
WAfR 
WATR 

IFC TWOT .LT .0.05)GOT0520 WATR 
C WATE.R IS SOHET t HES NOT CONSERVED WATR 
C \/HEN THIS IS THE CASE, HALVE TWDT. WATR 

lt((R .GT. 99.J .OR. (ABS<TWWIN-TWSTRO} .LT. 0.006) WATR 
1 .OR.CA6SCR-1.>.LT.O.Ol)JGOT0520 WATR 

lWOTRO.S•TWOT WATR 
R=0.5 WATR 
GOT0490 WATR 

5?0 CONTl~UE WATR 
C WATR 
CHHMHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHWATR 
C WATR 
C WATR 
C WATR 
C WA TR 
CWWWWWhWWWWWWWWWWWMMWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWATR 
C THIS IS THE WRAP UP SECTION. ONCE WE'RE HERE WE EITHER RETURN TO WATR 
C f"ALLING PROGRAM OR DO ANOTHER rwor. WATR 
C WATR 
C WA TR 
C WA TR 
C l)E0LGGING WATR 

C 
C 
C 

C 
C 
C 

C 
C 
C 

Ifcc.·rnr. FLGFLG) .QR. (.NOT. DBGF'LG)) GO TO 550 WATR 
Y=WTIH(Cl) WA.TR 
WRIT((1o530l TWUT,TWR,TWRP,TWRAIN,TWONE,TWIN,TWSTNO,TWSF, WATR 

1 TWJH,TWWIN,TWSTRO,R,Y WATR 
WRITECl,5401 TwTH8,TWH0 WATR 

5>:0 FORHATC' W ',2[9.J,4Ll,FS.2,E9.3,I3, 1 TWWIN, TWSTRD, RATIO•, WATR 
1 :?:F9.4o 1 CPU TINE= 1 ,F7,:?:) WATR 

sr.o FORMAf(' W TWTHB=•, 10F5.3, • TWHB=•· lOF&.2} WATR 
51:iO CONT INU( WATR 

rNo DEBUGGING WATR 

~ET SOME VALUES UP FOR NEXT TWOT, 
11/0TP=TWOT 
TWRP=TWf?AtN 
TWONE"',F'ALS[. 
DO 56) I=l ,PHN-1 
TWHA<T>=TWH0{I) 
TWOTHP< I l=TWTHBCI l•TWTHAC I l 
TWTHACI>=TWTHBC() 

5!;0 CONTilfUE 

rwihF IS THE NET TOP SURFACE F'LUX • DOES NOT INCLUDE TRANSPIRATION 
(W tNf=CW INF+TWSF 

TWSFBT rs NH BOTTOH SURFACE FLUX FOR PHOT, 
rwsrar = TWSFBT ♦ TWSFB 

OUT IS MINUS 

WATR 
WA TR 
WATR 
WATR 
WATR 
WA TR 
WATR 
WATR 
WA TR 
WATR 
WATR 
WATR 
WA TR 
WA TR 
WATR 
WATR 
WATR 
WATR 

C WATR 
C CHECK f'OR f'ROZEN SOIL WATR 

If'C.NOT. TWfRZNl GO TO 570 WATR 
IWSTNO=TWSTNO♦ TWR WATR 
TWR=O.O WATR 
GO TO 620 WATR 

570 CONTINUE WAIR 
C WATR 
C •NY STANOING WATER? WATR 

IF(TWINJ GO TO 580 WATR 
C TWSFO "'RAIN t STANDING WATER • EVAPORATION - ACTUAL SURF'i\CE HUX WATR 

lWSTNO=TWSfO•lO.•PWRNRf••TWOT WATR 
If' {TWSTNO .LT. o.o> TWSTNO=O.O WATR 
GO TO 5?0 WATR 

SAO lWSTNO=o.o WATR 
SQQ CONTIIW( WATR 

C WATR 

C OETERHINE AMOUNT OF RAIN REMAINING TO INFILTRATE. w•rR 
6fl0 JWR=TWR•ZRINT•TWOT•24. WATR 
610 lF(TWR .LT. O.O) TWR=O.O WATR 

C WATR 

G?O CONTINUE WUR 

72' 
72!, 
724 
725 
7 26 
7 27 
728 
7 29 
730 
731 
732 
733 
734 
735 
736 
737 
738 
739 
7 40 

741 
742 
743 
74' 
745 
7'6 
747 
748 
74' 
750 
751 
752 
753 
754 
755 
756 
757 
758 
759 
760 
761 
762 
763 
764 
765 
7 66 
767 
768 
169 
770 
771 
772 
77' 
774 
775 
776 
7 77 
778 
7 79 

780 
781 
782 

783 
7'4 
785 
786 
787 
788 
789 
790 
191 
792 
793 
794 
795 
796 
797 
798 
7 99 

800 
801 
802 
6 03 
804 



C 
C 

C 
C 

C 

XW S TNO = T MST NO 

rALtULATE SUM Of TRANSPIRATION, CH 
CO 631 I=1,Pl1N•2 

6~0 TWTHTSCI l=TWTHTS<I) ♦ TWTSPR( Il 

RESH TIM[ NG 
TWTTOT=TWTTOT+TMDT 

81 

WATR 
WA TR 
WATR 
\IA TR 
MA TR 
W ATR 
WATR 
MA TR 
WA.TR 

HCABSCCTWTTOT•PHOT>/PHOT> .Gt. 0.002) GO TO 60 MAYR 
C WA TR 
C rNo WRAP UP SECTION fOR TWOT WATR 
CWWMWWMWWWWWWWWWWWWWWWWWWIIWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWATR 
C WATR 
C WA TR 
C WA TR 
C WATR 
CfffffffffFffffffffffffffffffffffffffffFFFffffffffffffffffffffffffffffFFWATR 
C THIS IS THE FINAL SECTION WATR 
C 00 THE LAST COUPLE Of THINGS NECESSARY BEFORE RETURNING. WATR 
C WATR 

C 
C 
C 
C 

00640l=l•PHN•2 WATR 
XWTH-H I )=TIHHBCI+ll WATR 

640 CWPSICll=TWHB{l+lJ MAYR 
WATR 
Wfl TR 
WATR 

OEBt.GGJNG WATR 
IFC.NOT. DBGFLG> GO TO 660 WATR 

C rtt[CK WATER BALANCE FOR THIS PHOT WATR 
CALL W8AL< TWTHTS, CWINF, TIISfBT, TMTH.U, TWTH8• CtlOX, PHlh WATR 

1 TWWIN, TWSTRO, R) WATR 
WRITECl,650) XWTHTA,CWPSloTWTHTSoCWJNFoTWWINoTWSTRO,R WATR 

6"0 :FORHArc• WW XWTHTA='• lOFs.3. • CWPSI='d0F6.2,/,' WW TWTHTS=• WATR 
1 • 10F6.4, CWINF=•,Fa.4, 1 TWWIN,TWSTRO,RATl0',3f8.4) WATR 

6~0 CONTINUE WATR 
C WATR 
C mo DEBUGGING WATR 
C WATR 
C WATR 
C WATR 
C FNO FINAL SECTION WATR 
CFrrFFfffFFFfFFFFFFFFFffFfFFFFFFffFFFFFFFFFFffffFFFFFFFFFFfFFFFFFFFFFfffWATR 
C WATR 
C WA TR 
C WATR 

R[TUR~ WATR 
C WATR 
C WATR 
CEEFEEEEEEEEEEEEEEEEEEEEEEEE[EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE[WATR 
Cl Et"E E EE EE EE EE EE E [[EE EE EE E EE EE E EE EE [[[ EH EE EE E EH [HEE EE EEE EEE E EE EE EEHE W ATR 
C[EFEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEfEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEWATR 
C WATR 

ENTRY W !NIT Wl'ITR 
C WATR 
CRRQRRfiRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRPRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRWATR 
C THIS ENTRY POINT IS CALLEO ONCE fROH MAIN. VARIABLES PECULIAR TO WATR 
C WATER AR[ READ IN HERE ANO PRINTED OUT FROH HERE 80TH TO GET THESE WATR 
C nATA LISTED AS PART Of THE PROGRAM ANO TO SERVE AS A DATA CHECK. WATR 
C ! NHO TO REA·O: PWD[LW, K-THETA HtlLE, H•THEfA TAl3LE, PWKCAL, WATR 
C PWH, TWTHBC10), TMH8(10), PWHORY, PWHW[T, WATR 
C roNSTANT PRESSURE or CALICHE READ IN AS TWHB(PMN) WATR 
C ~UST ALS'J READ I~ TWSTND, PWTL!Ho PWRNRF WATR 
C WATR 
C PEA( ANO WRIT( DATA AND ACCOMPANYING COMMENTS WATR 

fiEADC5, 670 lTWCCC WATR 
WRIT((6,680) WA.TR 
WR1TEC6o690>TWCCC WATR 
~RITEC6,700l WATR 

C WATR 
f..EA0<5,670JTWCCC WATR 
lo.RITE(6,690JTWCCC HATR 
.R.(AOC5,l)PWOEUi WA.TR 
HRtlE<6,710lPWOELW WA.TR 
WRITE(6,700l WATR 

C WA TR 
fiEA.OC5,671JTWCCC lofATR 
WRITEC6,690 lTWCCC WATR 
HEAOC5,/)PWH WATR 
WRIT[C6,720)PWH WA.TR 
WRtTEC6,710) WATR 

C WA.TR 
fiEA0(5,670)TWCCC WATR 
,,.RlTEC6,690lTWCCC WA.TR 
fi£ADC5,/)PWKCAL WATR 
11RlTE{6,720lPWKCAL lfATR 
WRIHC6.700l WA.TR 

C WATR 
.fiEAOC5o670>TWCCC WATR 
WRIHC6,690)TWCCC WATR 

805 
806 
807 
808 
809 
810 
611 
812 
813 
814 
615 
816 
817 
818 
819 
820 
821 
822 
823-
824 
825 
8" 
827 
828 
8" 
830 
831 
832 
833 
8 3q 
835 
836 
BH 
8" 
839 
840 
841 
842 
8 43 
844 
8'5 
846 
847 
848 
849 
850 
851 
852 
853 
854 
855 
856 
857 
858 
859 
860 
861 
862 
863 
864 
865 
866 
867 
868 
869 
870 
871 
872 
873 
874 
875 
876 
877 
878 
879 
880 
881 
882 
883 
884 
885 
886 
887 
888 
889 
890 
891 
8" 
8" 
894 
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C 

r;[AD<5,/ JPWIUN 
kRITEC&,720JPWKIN 
WRJTEC&,700) 

f,,[AOC5,670 )TWCCC 
WRITEC&,690JTWCCC 
f..EA0(5,/)PWHORY,PWHWET 
hRITEC&,710JPWHORY,PWHWET 
kR I TE( 6,700 J 

WATR 895 
WATR 896 
WATR 697 
WATR 898 
WATR 699 
WATR 900 
WATR 901 
WATR 902 
WATR 903 
WATR 904 

C 

C 

C 

C 

C 

C 

REAOC5,670)TWCCC 
WR IT EC 6 • 690 HWCCC 
fi.EA0(5,/)PWl4 
WRITEC6,730JPW11 
WRITEC6,700) 

READC5,670)TWCCC 
WRITE(6,690)TWCCC 
REAOC5,/lPWTLIH 
WR1TEC&,710JPWTLIH 
kRITEC6,700} 

F.EAOC5,670) TWCCC 
kRITEC&,690) TWCCC 
REAOC5,/J PWLLIH 
WRITEC&,710} PWLLIM 
WR1TEC6,700l 

F.EAO<S,670 HWCCC 
hRITEC&,690lTWCCC 
RE AO ( 5 .t >P WR NRF 
WRITEC6,710)PWRNRF 
WRITEC&,700) 

REAOC5,670)TWCCC 
WRITEC&,690JTWCCC 
REAOC5,/>TWSTNO 
WRITEC6,710)TWSTNO 
WRJTEC6,700) 

NEADC5, 670 >TWCCC 
WRITEC6,690JTWCCC 
fiEAOC5,/ HWTHB 
kRITEC6,710>TWTHB 
WRITEC6.700l 

WATR 
WATR 
WATR 
WATR 
WATR 
WATR 
WATR 
WATR 
WATR 
WATR 
WA.TR 
WATR 
WA TR 
WATR 
WiHR 
WHR 
WATR 
WA TR 
WATR 
WATR 
WATR 
WATR 
WAIR 
WATR 
WATR 
WATR 
WAIR 
WATR 
WATR 
WATR 
WATR 
WATR 
WATR 
WATR 
WATR 
WA TR 

670 FORMATC20A4) WATR 
6f\O FORMH(/11/J WAIR 
690 FORMAT( t ',20A4 J WATR 
700 FORMAT( 1 'J WATR 
710 FORMAT(1 1 ,10Fl2.5J WATR 
7?0 FORMAT(t 1 ,10El2.4l WATR 
7':0 FORHAT<' ', IS l WATR 

C rND READING AND WRITING INITIAL DATA FOR WATER WATR 
C WATR 
CRRPRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRWATR 
C WATR 
C WATR 
CI ITI I II II II I I II I I II I II I Ill! It II I II I It It I I JI I I III I IIII II I I I I I I I I I I 1 I I III WATR 
C '-011E. INITIAL INITIALIZING Wo\TR 
C WATR 
C ANOTHER USE OF THIS ENTRY POINT IS TO 00 CALCULATIONS WHICH Will WATR 
C RE [.ONE ONLY ONCE FOR THE SI11UUTION. WATR 
C WATR 
C TF lWRP IS TRUE YHERE WAS RAIN IN LAST TWOT, THE WATER INTERNAL TIME WATR 
C "TEF. 1'11 JUST INilIALIZING IT HERE. WATR 

C 

C 

C 

TWRP~.FALSE. WATR 
TWONE=.FALSE. WATR 
TWOT=PHOT WATR 
lWDTP=PMOT WATR 

'-ET UP OE8UGGING 
Z=O.O 
FLGFLG=.FALSE. 
IF(OE>3UG1 olTo 
flGFLG=. TRUE. 

10 0. > GO TO 740 

WA TR 
WATR 
WA.TR 
W ATR 
WATR 
W.HR 
WATR 

[E8UG1=DEBUG1M100 ■ WATR 
7r.O CONTINUE W,HR 

C LOA[ CALICHE LAY(R CONOUCT[VITY IN PWK(PHN-t). THIS IS REGION WATR 
C RETWEEN NODES PHN-t AND P11N. WATR 

PWKCPHN-ll=PWKCAL WATR 
C I I TI I lI fl II I I II I II I I II I 11 II I I II I I I I II I I 1 II I II I I II II II II I I I I I I I JI I 11 II II WAT R 
C WATR 
C WATR 
CKKKKK~KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKWATR 
C $ECTION TO SET UP CALCULATION FOR AN AVERAGE CONDUCTIVITY WATR 
C WATR 
C METHOD IS FROH HANKS ANO ~OWERS 1962. HANKS SEES IT AS CALCULATING WATR 
C nJFfUSIVITY fROH CONDUCTIVITY ANO THEN GETTING THE AVERAGE WATR 

905 
906 
907 
908 
909 
910 
911 
912 
91~ 
914 
915 
9" 
917 
918 
919 
920 
921 
922 
923 
924 
925 
926 
927 
928 
929 
9 30 
931 
932 
9B 
934 
935 
9 36 
937 
938 
9 39 

'940 
941 
942 
943 
944 
945 
946 
947 
948 
949 
9 '50 
951 
952 
9 5~ 
954 
955 
')'56 
957 
958 
959 

"' 961 
962 
963 
964 
965 
966 
967 
966 
969 
970 
971 
972 
973 
974 
975 
976 
977 
976 
97' 

"' 981 
982 
983 
984 



C 

C 
C 
C 
C 
C 
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r □ NLUCTIVITY BACK fROH DIFFUSIVITY. THIS IS INDEED A "ROUND WHR 985 
~BOLT" 1O,Y AS HE PUTS tr. IF YOU GO THROUGH THE ALGEBRA, WATR 986 
THE CONDUCTIVITY USED IS AN AVERAGE WEIGHTED WlTH RESPECT TD PRESSUR[WATR 987 
lN TII.LKING WITH HANKS ON 6-26-74 HE SAID THIS CONDUCTIVITY WATR 988 
rALCULATION JS ONE OF THE MAIN TRICKS Of HIS PROGRAH. HE TRIED HANY WATR 989 

C lPPROACHES BEFORE HE FOUND THIS ONE WHICH WORKED. THE PROBLEM SEEMS WATR 990 
C 1 0 EE THAT CONDUCTIVITY IS EXTREHELY VARIABLE AND AN UNWEIGHTED WATR 991 
C 
C 
C 
C 
C 
C 
C 

C 
C 

~VEfiAGE iASED ON VOLUMETRIC WATER CONTENT GIVES TOO HIGH A VALUE. WATR 992 
TF [HE WETTING FRONT IS BETWEEN TWO NODES, E.G., THE CONDUCTIVITY AT WAIR 993 
THE WET ~ODE HIGHT BE 1000 TIMES HIGHER THAN AT THE ORY NOOE. WAIR 994 
!N UNWEIGHTED AVEffAGE CONDUCTIVITY WOULD BE ABOUT HALF THE WET MATR 995 
VALLE BUT A USEFUL AVERAGE CONDUCTIVITY IS CLOSER TO THE ORY VALUE. WATR 996 

PHT IS AH ARRAY CONTAINING 
lO 750 I=l, PW!t 
TWI = 1•1 

7~0 fWT(I)=TWI•PWDELM 

THE VALUES Of THETA 

CALCULATE INITIAL TWHB VALUES FROM TWTttB VALUES JUST REAO IN. 
00 760 I=l ,PHN 
TWJA,,TWTHSCJ)/PMOELW + 1. 
lf(TIUA .GE. PW!t) TWJA:::PWH-1 
TWAA=C TMTHB( I>•PWTCTWJA)) / PWOELW 

U,O TWHB( I>=PWH CTWJ A)+ (PWHC TWJ.-, +l)-PWHC TWJA > )•TW .-,.-, 

MATR 997 
WATR 996 
MATR 999 
MATR1000 
WATRl001 
MAYR 1002 
WATRl003 
WA TR 1004 
WATR1005 
WATR1006 
WATR1007 
WATR1006 

C WATR1009 
C rALCULATE SUH Of CONDUCTIVITY TIHES DELTA PRESSURE WATR1010 

C 
C 
C 

C 
C 

C 

FMKSU!4( 1 )=( PWIU NC 1 }+PWKt N(2) )•C PWH( Z )-PWH( 1) h0.5 WATR 10 11 
DO 77J I=2•PWH-1 WATR1012 

770 PWKSUl1( I )=(PMKIN( I )+PWKIN(l+l) >•<PWtt{ I+l >-PWH{ I) )•0.5 +PWKSUHC I-1HIATR1013 
THIS GIVES US PWH-1 VALUES FD PWKSUH. I NEED PWH VALUES. HOKE UP WATR1014 
LAST VALUE BY HAKING DIFFERENCE BETWEEN PWH ANO PWH•l VALUES SAHE AS WATRlOlS 
~[TWEEN PWH-1 AND PWH-2 VALUES. W.HR1016 

7'0 

PW K SUl1C P WH > :.2. •PWKSU HC PW H-1 )•PWl'i SUH (PW H-2) WATRl 0 17 

WRITEC&,780) 
FORHATC • PWKSUH, 
WRITE(6,720> PWKSUH 
IIRITEC&,700> 

SUH Of CONDUCTIVITY TIMES DELTA PRESSURE') 

WATR1018 
WATR1019 
WATR1020 
WATR10Z1 
WATR10Z2 
WATR1023 
WATR1024 

REAOCS,670)TWCCC WATR1025 
WRITEC6•690>TWCCC WATR1026 
WRIT(C&,660) WATR1027 

C WATR1028 
C rND SECTION TO SET UP CONDUCTIVITY CALCULATION WATR1029 
CKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKWATR1030 
cccrccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccwATRlo31 
cccrccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccwATRl032 
C WATR1033 

RETURN WATRlOJ4 
END WATR1035 

SUBROUTINE WBAL 

SUBROuTP.1€. W!P•L( TSPR, SF, SF8, THH,11 THTH 1 DX, PHr.J, )olJN, w8AL O l 
I i'ISH.0 1 IHTIO) w8AL 02 

C THIS FU~CTIOr.J CHECKS .,,ATER BALANCE OF A TIME PERIOD 
C TSPR IS TRANSPIRATlOr.J, CH 

W8AL OJ 
l'IBAL 011 
WBilL 05 

C SF IS TOP SURFAtt FLUX {IN IS+) 
C SfB IS ~OTTOM SURFACE FLUX {lN 1S +) 
C THTAI IS THETA INITIAL , CH/CM 
C THTAF IS THETA FINAL, CH/CH 
C OX IS TMICKNESSES OF LAYERS, CM 
C PMN rs NUM~ER OF SOIL NODES 
C 

OIHENSJON TSPR(PMr.J),THTAl(PHN),THTAr(PHN),DX(PHN) 
AII0.0 
.,,STRO•O,O 
001001•1,PMN.,2 
A=A+TSPR(J) 

100 ~STROawSTRD+(TMTAF(l+1)•THTA1(1+1ll•DX{l) 
~IN~ SF •A+ SF6 
JF(ABSC.,,STRD).LTt1•E•l)RATlOaqq,qQqq 
IF(A6$(wSTRD),GE,1,E•l)RATIOawtN/W5TRO 
1-!ETURN 
c,o 

118AL Ob 
W8AL 07 
W8Al, 08 
wBAL 0-? 
w8A1,. l O 
W6AL 1 t 
w8AL 12 
lil8Al. 15 
WBA.L 111 
w8AL 15 
wBAL 1 & 
'w8AL 17 
WBAL 16 
w8AL lq 
!"8AL 20 
¥1BAL 21 
w8AL 22 
WBAL l3 
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FUNCTION WTIME 

FUNCTtON WTIM£(Z) •TM 0100 
C MARCH 1q7t, PAUL I.OMMEN •TM 0200 
C THIS ,UNCTION !IMPLY OfT£RMIN£S CPUTIME IN S£CON0S• TIM!(2) IS •• ''" 0100 
C INTRINSIC FUNCTION, "'" 0400 
C I HAO TO 00 IT THIS WAY BECAUSE TIME 

IS ' 
VO?ABL.E NAME WE I VE ''" 0500 

C ALREAOY USED ANO IS 1111 HtE COM~ON Sl.OCK, .,. 0600 
C TIME(l) IS IN 60THS o, A SECONO• O.Olt,t,67 ■ 1/60 "" 0700 

WTIME ■ 0 0 0l6bb7-TIM!(il ''" 0800 
R!TURN "" oqoo 
ENO ''" 1000 



DERIVATION OF DIFFERENCE EQUATIONS 

Soil nodes are introduced into the soil profile as reference 
points for the set of difference equations WATER will 
generate and then solve. This derivation will proceed very 
much as the derivation of difference equations for HEAT, 
since both Equations B-1 and C-1 are diffusion equations. 

For a thin layer of soil we rather arbitrarily divide water 
movement into four components, for convenience: 

(water in through top) - (water out through bottom) 
-(transpiration) - (water stored). (C-2) 

For layer i: 

(water in through top) 1 = -K t~·, (C-3) 

where 

the right-hand side is evaluated at the top of layer i; 

water moving down is a positive flow; 

counting of layers starts at soil surface and goes down; 

each side of Equation C-3 has units of cm ·day- 1
; 

K = soil hydraulic conductivity, cm 2 ·bar-Lday- 1; 

H = soil hydraulic potential head, bars (includes matric 
potential plus gravitational potential); 

z = depth in soil, cm . 

Now fill out Equation C-3 as a difference equation: 

(water in through top)
1 

where 

hi 

(C-4) 

soil matric water potential (hereafter SWP) of 
layer i at beginning of time-step of length 11 t 
days, located at the node in the center of layer i; 
SWP of layer i-1 at beginning of 11 t; 
SWP oflayer i at end of 11 t; 
SWP of!ayer i- l at end of 11 t; 

85 Modeling 

Ki-½ hydraulic conductivity of soil in region from 
center of layer i-1 to center of layer i (i.e., 
from node i to node i + 1, see Fig. C-2); 

G constant to convert gravitational contribution 
to total soil hydraulic potential heat from cm 
water potential to bars, = 9.833 x 10-4 

bar-cm- 1 ; 

11 zi- ½ = distance from node i to node i + 1. 

Similarly: 

(water out through bottom)i 

(C-5) 

Transpiration in cm·day- 1 fa 

(transpiration)i = :~ , (C-6) 

where 

Ti transpiration removed from layer i during /). t, 
centi1neter.s. 

\\later .stored in cm·day- 1 is 

(water stored)i (N\) (rixi) 

where 

1\t 

(hi hi) {Si) {!,xi) (C-7) 
1\t 

change in theta of layer i during At, dimension
less ( 0 i = cm water in layer i + cm soil in layer 
i); 
thickness of layer i, cm; 
specific water capacity of layer during At, 
bar·', Si - 11 0·/ 11 hi. 

In the same manner as in the HEAT submode!, combine 
Equations C-4, C-5, C-6 and C-7 with Equation C-2. After 
several lines of algebra we get 

where 

Ki-1 

Ci . ---· i 
i\z i- 1 

i 

Ki+l 

Ai -···-I· 
/\Zi+1 

2 

(C-8) 

(C-9) 

(C-1O) 
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ht 

2S. t-.x. 
(-

1
--

1 
- A. 

ht 1 

T. 
2 --2 

" 

(C-11) 

(C-12) 

For top and bottom layers, adjustments must be made in 
Equations C-9 through C-12. The water in through the top of 
the top layer is the surface flux, as calculated in lines 537 
through594 of WATER, divided by At. Then, A., B,, C, and 
D I are det"ermined by going through the same sequence of 
steps which resulted in Equations C-9 through C-12. For the 
bottom layer the difference which must be accommodated is 
that the SWP below the layer is fixed. 

Now summarize the equations for A, B, C, D for all layers. 
It is first convenient to define: 

M = number of layers; 

Yi = Ki-1 /llzi-1 
2 2 (C-13) 

(C-14) 

The result is a set of M equatio_ns of the form shown in 
Equation C-8, which form a tridiagonal matrix, where 

Ai a 
y i+l for i a 1. , M - 1; 

a 0 for i a M; 

Ci a 0 for i a 1; 

a y. 
1 

for i a 2. , M; 

, M; 

Di= h1(R1-Y2) + h2Y2 +¾t-2GK)_ - 2Ti for i" l; 

2 Af 

= hi(Ri-YI-Yi+l) + hi-1 Yi + hi+l yi+l + 2G(Ki-l 
"2" 

2Ti for i 2, ... , M-1; 

AC 

= hM(RM - YM - YM+l) + hM-1 YM + h::1 (2 YM+l) 

+ 2 G (KM-l - KM+l) -
2
TM for i = M, 

2 2 M 

where 

(C-15) 

(C-16) 

(C-17) 

(C-18) 

surface flux into top layer during 11. t, cm; 
fixed potential of region below bottom layer, 
bars. 

Finally, translate Equations C-15 through C-18 into 
computer code with the aid of Table C-2. 
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Table C-2. Transformation of algebraic to FORTRAN 
variables 

Algebraic Variable FORTRAN Variable 
(or Constant} 

G 

M 

Ki-1 
2 

hi+l 
• 

hi+l .. 
hM +l 

llzi-1 
2 

TWDT 

TWSF 

9.833E-4 

PMN-2 

PWK( I) 

TWHA(I+2) 

TWHB(I+2) 

TWHB(PMN) 

CHDXX( I) 

CHDX(I) 

PWWC(I) 

TWTSPR{I) 

TWWA(I) = PWK(l)/CHDXX(I} 

TWWB(I) = 2.*PWWC(i)*CHDX(I)/TWDT 

TWA(l) 

TWB( I) 

TWC( t) 

TWO( I) 

Equation C-15 becomes 

TWA(!)= TWWA(I+l} for I l, ,PMN-3; 

0 for I = PMN-2. 

Equation C-16 becomes 
TWC(t) "0 for I= J; 

~ TWWA(l) for I = 2, 

Equation C-17 becomes 

, PMN-2. 

TWB(I) = TWWA(2) + TWWB(l) for I" l; 

"TWWA(l) + TWY!A(I+l) + TWWB(I) 

fori"2, , PMN-2. 

And finally, Equation C-18 becomes 

TWO(l) "TWHA(2)*(rn~m(l) - TWWA(2)) 

+TI-/HA(3)*HIHA(2) + 2.*TWSF/T\·IDT 

-2.*9.833E-4*PWK(2) - 2.*TWTSPR(l)/TWDT 

for I " l; 

(C-19) 

(C-20) 

(C-21) 



= TWHA (I+l)*(TWWB(l) - TWWA(I) - TWWA(l+l)) 

+n/HA(I)*TWWA(I) + TWHA(I+2}*nMA(I+l) 

+2. *9.833E-4*(PWK( I) - PWK(I+l)) 

-2.*TWTSPR(l}/TWDT 

for I = 2, . 

= TWHA(PMN-l)*{TWWB(PMN-2) - TWWA(PMN-2) - TWWA(PMN-1)) 

+TWHA(PMN-2)* TWWA(PMN-2) + 2.*TWHB(PMN)* TWWA(PMN-1) 

+2. *9 .833E-4* (PWK(PMN-2) - PWK(PMN-1) -2. TWTSPR{PMN-2 )/TWDT 

for I = PMN-2. (C-22) 

Equations C-19 through C-22 are the FORTRAN versions 
of the difference equations used to solve for SWP of the soil 
layers. They are found in the program in lines 647 through 
667 and immediately precede the call to the t~idiagonal 
matrix subroutine which solves them. 
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D. SUPPORT PROGRAM TDM 

P. W. Lommen 

GENERAL DESCRIPTION OF SUBROUTINE TDM 

This subroutine solves a set of N linear equations in N 
unknowns if the coefficients of the unknowns form a 
tridiagonal matrix. Difference equation approximations to 
the diffusion equation are typically of the tridiagonal type. 
The method used here is from Richtmyer (1957, page 103), 

Ul) ~ AC!) / ~Cl) 
FC1) • 0(1) / 8(1) 

00 10 I•2, 111.1 
00 • B(I) • C(Il•~CJ•1) 
E.{I) • A,(I) / 00 

10 F(ll ■ ( D(I) ♦ cc1,,,c1-1) ) / 00 
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Briefly, this routine goes forward through the equations 
once, eliminating the U(J) for the smallest J at each step. At 
the N-1 equation, one is left with two equations in two 
unknowns. Then U(J) is solved for and the routine goes 
backwards through the equations solving for a value of U at 
each step. 

-A, B, -C are the coefficients of the U's to the right of 
the main diagonal, on the diagonal and to the left of the 
diagonal, respectively; the D's are the constant, right~hand 
sides of the equations. The U's are the solutions. A, B, C, D 
must be evaluated in the routine which calls TDM. 

PROGRAM DESCRIPTION 

To illustrate the method of solution, first write out the 
equations: 

B1U1 -A1U2 

~C 2Ui + B2U2 - A2U3 

- c3u2 + B3U3 - A1U4 

D,, (D-1.1) 
D,, (D-1.2) 
D,, (D-1.3) 

TOM 11 
TOM ll 

If Equation D-1.1 is divided by B,, we get 

U, - (A,/B,)U, = D,IB,, 

transposing we get 

(D-2) 

U, = (A,/B,)U, + (D,!B,) = E,U, + F,. (D-3) 

TOM H 
TOM 311 
TOM lS 
TOM lb 

To see how these equations came about, substitute 
Equation D-3 into Equation D-1.2 and solve for U2 : 

-C,[E,U, + F,] + B,U, - A,U, = D,, 
(B, -C,E,)U, = D, + A,U, + X,F,, 

orU2 = E2U3 + F2, (D-4) 
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l•N 
20 1111-1 

UCI) • U(J+I) E(I) + FCJ) 
I~ ( I 0 GT0 1 l GD TO 20 
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where 

E, = A,l(B, - C,E,), (D-5) 

and 

F, = (D, + C,F,)/(B, - C,E,), (D-6) 

Continuing in this manner, we get 

Ei = A/DD, 

Fi= (Di+ CiFi-J)/DD, 

(D-7) 

(D-8) 

where 

(D-9) 

and 

(D-10) 

The quantity DD is not subscripted because it is not 
needed again. 

is 

TDM 37 

The last equation generated in the DO loop just discussed 

(D-11) 

Substitute Equation D-11 into Equation D-1.N: 

-CN [EN-I UN+ FN-J] + BN UN= DN, 

UN= (CNFN-1 + DN)/(BN - CNEN-J), (D-12) 

which is what we have in line 37. 

Since all the quantities on the right in Equation D-12 
have been evaluated in the calling program or in TDM, UN 
is thus determined. 

TOM le 
TOM H 
TOM 1'0 
TOM 1' 1 

Once we know UN from Equation D-12, then from 
Equation D-11 we get UN-1· Proceeding backwards using 
Equation D-10 for I = N-2, N-3, , , , , 2, ], we deter
mine the remainder of the U's. -



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
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COMPLETE PROGRAM LISTING 

SUBROUTINE TOH(A, B, C, 0, u, N) 

MARCH PAUL LOMMEN 

THIS SUBROUTINE SOLVES A SET OF N LINEAR EQUATIONS INN UNKNOHNS 
IF THE COEFFICIENTS OF THE UNKNO~NS FORM A TRI•OIAGONAL MATRIX, 
DIFFERENCE EQUATION APPROXIMATIONS TO THE DIFFUSION EQUATION ARE 
TYPICALLY OF THE TRJ•OIAGONAL TYPE, THERE ARE SEVERAL MEANS OF 
SOLVING SUCH A SET OF EQUATIONS, THE MOST STRAlGHTFORwARD, ANO THE 
ONE T~AT I USE MERE AND ~ANKS USES IN SEVtRAL OF HIS MODELS COMES 
FAOM, ROBERT 0 0 RlCHTMYER, IQ57, DIFFERENCE METHODS FOR 
INITIAL•VALUE PROBLEMS, lNTERSClENCE PUBL1SH£RS, lNC,, NE~ YORK, 
SEE PAGt IOl. NOTATION USED HERf JS RlCHTMYERS1 , 

8RIEFLY, THIS ROUTINE GOES FORwARO THROUGH THE EQUATIONS ONCE, 
ELIMINATING THE U(J} FOR THE SMALLEST J AT EACH STEP, AT THE 
N•l EQUATION ONE IS LEFT WITH 2 EQUATIONS lN 2 UNKNOWNS, THEN 
U(N) IS SOLVED FOR ANO THEN THE ROUTINE GOES BACKWARDS THROUGH THE 
EQUATIONS SOLVING FVR A VALUE OF U AT EACH STEP, 

.,, C •C, ARE THE COEFFICIENTS o, THE u1s TO THE RIGHT OF THE MAIN 
OIAGONAL, ON THE OIAGONAL AND TO THE LEFT OF THE DIAGONAL 
RESPtCTIVELY. THE o•s ARE THE CONSTANT, RIGHT HANO SIDES o, THE 
EQUATIONS, THE u•s ARE WHAT IS SOLVED FOR, A, B, C, 0 MUST 
Sf EVALUATEQ JN THE ROUTINE WHICH CALLS TOM, 

DIMENSION A(20) 1 B(20l, C(20), 0(20), E(20), ,(20), U(20) 
Ul) :s HI)/ 1:1(1) 
F(t) • 0(1) / 6(1) 
00 10 1 ■ 2, N•t 
00 c S(Il • C(Il•ECI•ll 
ECIJ • A.(l) / DO 

10 FCll • ( DCI) + C(Il•FCI•ll 
U(N} • [ C(N)•F(N•l) ♦ O(N) 
l•N 

20 I :a I• I 
U(Il a U(I+I) E(ll + F(Il 
If ( I ,GT, I GO TO 20 
~ETUf.lN 
<NO 

I DD 
/ ( S(N) • C(Nl•ECN•ll } 
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TOM 01 
TOM 02 
TOM 01 
TOM 04 
TOM OS 
TOM Ob 
TOM 01 
TOM 08 
TOM oci 
TOM 10 
TOM 11 
TOM 12 
TOM 13 
TOM 14 
TOM 15 
TOM lb 
TOM 11 
TOM IB 
TOM JQ 
TOM 20 
TOM i! I 
TOM 22 
TD/1 ell 
TOM 24 
TDM .i!S 
TDM 2b 
TOM .i!7 
TOM 28 
TOM zq 
TOM 30 
TOM ll 
TOM 32 
TOM 33 
TOM JU 
TD-M JS 
TOM lb 
TOM 37 
TOM H 
TOM H 
TOM 40 
TOM Ill 
TD M Ui! 
1011 U3 
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