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This report describes a portion of the Desert Biome Water
Response Fcosystem Model. Five Research Memoranda
comprise the full deseription: Introduction and support
programs (RM 76-36); Abiotic submodels (RM 76-37);
Animal submodel (RM 76-38); Perennial plant, nitrogen
and decomposition submodels (RM 76-39); and Annual
plant submode} {RM 76-40). The objectives of the Water
Response Model, information on the arrangement of
material distributed among the five Research Memoranda
and descriptions of program MAIN and support programs
FI. ¥3 and FTAVE are contained in Research
Memorandum 76-36, Programming phase of water response
ecosystem model: 1. Introduction and supportl programs,
The relationships hetween various sections of the model,
their interactions and location in the report series are
sumnarized in Table 1 of BM 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
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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.



A.PSWG
(including support programs EVAFP, RINT,
IPROB, RNOR)

K. A. Marshall and P, W. Lommen

GENERAL DESCRIPTION OF PSWG SUBMODEL

PSWGC is a submodel which generates driving variables
for the Water Response Model. {The name PSWGC 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.

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

Modeling

validation rans 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
recoxds 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 Pocateilo, Idaho, were used. For Rock Valley
simulations, Las Vegas, Nevada, data were used. Refer to
Table A-1 for definitions of variables for both versions of
PSWG. Definitions will also be found in the compiete
program listings at the end of this section.

Version II of PSWG is used for five-year (or longer)
simulations. It generates nothing stochastically, Instead, it
reads temperature, precipitation, wind speed, fraction of
possible suniight and relative humidity data from a weather
data file. (For five-year Curlew Valley runs, data were used
from the ¥.8. Weather Bureau station at Pocatello.)

Table A-1. Variable dictionary for PSWG, Versions I and 11

ANT(h) AMT(R) I8 AMOUNY OF PRECIPITATION IN M IN EVENWT
CLags 1.

DECL ANGLE CALCULATED IN PHOYORERIOD CALCULATION,

EvAp SUBROUTINE wHICH CALCULATES POTENTIAL EVAPORATION,

FACTOR PRECIPITATION FACTOR BY wWHICH EACH EVENT I8
HULYIPLIED,

HUM(10,83)  INTEGRATED PROBABILITY DISTYRIBUTION OF RELATIVE
HUMIDITY CLASS BY PERIOD 0F YEaR,

1PROB

T8EED
I1YESY

JOAY
LAT

HOAY

MTINE

NNN

PHOT

PREC(&,13)

FUNCTION wMICH DETFRMIMES DEPENDENT VARIABLE GIVEN
INTEGRAYED PROBABILIVY DISTAIBUTION, BY RANDOMLY
CHOOBING INDEPENDENY VARIAHLE INH RANGE (ol,

SEED PROM wHIGH RNOR GEMERATED NEXT RANDOM NUMBER,
EgUALS | I¥ THERE wWAS NO PRECIRPIYATION YESTERDAY, is
EGUALS 2 THEN THERE wA8 PRECEPITATION YEATERDAY 4ND
PROBABILITY OF PRECIPITATION TODAY I8 INCREABED,

CLABS INDEM, LBED IN PREEIP, WIND, BlLK, HUM GENRERATION,
JULIAR DATE AT BEGINNING GF TIWMEBTEPR,

LATITURE OP 8ITE.

CURRENT JULIar DAY (INCREMENTED IN #B8wG FROM
JOAY TO JOAYSPHMDT),

INDEYX OF & WEEK PERIOD GF YEAR IN wHICHM HDAY FALLS,

COUNTER TO DETERMINE hHEN TO SYART PRINTING ON
MNEXT PAGE,

TIMESTEP LENGTH, DAYS,

INTEGRATED PROBABILITY DIBTRIBUTION OF PRECIPITATION
CLASS B8Y PERIOD OF YEAR,

PACTOR FOR ADJUSTING AVERAGE wIND SPEED IF SITE I8

PRECIP PRECIPITATION FOR CURRENT DAY, MM,
PMIDAT JULTAN DATE AT BEGINNING OF YIMEBTEP, VALUE
DETERMINED IN MAIN PROGRAHM,
PRFAL
KNOWN TG #AVE DIFFERENT AVERAGE #IND SPEED,
RAIN(Z,13)

ARRAY HOLDING VALUES OF (I, = PROBABILITY 05 PRECIP,
TpDAY) GIVEN PERIGD OF YEAR AND WHETHER ORf nDY WE HaD
PREGIP, YEIYERDAY,
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Table A-1, continued

RCMECK{20) VYARIABLE LSED TO READ AND WRITE COMMENTS IN WITH
INITIAL DATaA,

READ 1¥ 8,TRUE, THEN READ TEMPERATURE PRECIPITATION DATA
FROM SEPARATE DATA FILE,

RINY SUBROUTINE WHICH CALCULATES PRECIPITAYION INTENSITY,

RNOR RANDOM NORMAL NUMBER GENERATOR (68X OF VALUES LIE
BETHEEN =1 AND ¢1),

BHUM RUNNING BUM OF UP TO PMDT DAY8' RELATIVE HUMIDITY,

JHAX RUNNING $UM OF UP TO PMDT DAYS?! MAXIMUM TEMPERATURES,
DEGREES CELCIUS,

BMIN AYUNNING SUM OF UP TO PMDT DAYS! MINIMUM TEMPERAYURES,
CEGHEES CELCIUS,

SPREC RUNNING SUM OF UP TG PMDY DAYS' PRECIPITATIONEVENTE,MM,

83UN RUNNING BUM OF UP TO PHOT DAYS! PER CENT POSSIGLE
SUNL IGHT

BUN{10,13) INTEGRATED PROSABILITY DIBYRIBUTION OF PER LENT
POSSIBLE SUNLIGHY CLASS BY PERIOD OF YEAR,

BHIND RUNNING 8UM OF UP F0 PHDT DAYS! AVERAGE WIND BPEEDS,
Kb /HR

THAX HAXIMUM TEMPERATURE FOR CURRENY DAY, DEGREES CELCIUS,

THIN MINIMUM TEMPERATURE FOR CURRENT DAY, DEGREES CELCIUS,

TRAIN{20) ARRAY WHICH HOLDE DAILY PRECIP VALUES FOR TIMESTEP
(UBED BY RAIN INTENBITY ROUTINE},

WIND(T,13) [INVEGRATED PROBABILITY DISTRIBUTION OF WIND BPEED CLASS
BY PERIGD OF YEAR,

AHAXELY, XMAX(R) PARAMETERS FOR BINEZ WAVE FIT TO SEVERAL YEARS!
DAILY HAXIHUM TEMPERATURES, TAKEN AT NEAREST WEATHER
BUREAY BITE,

XMAX(3) BYANDARD DEVIATION OF DATA ABOUT BINE WAVE FIT UBING
XMAXCE) AND XHaX(2},

XMINTL)Y,XMINC2) PARAMETERS POR LINEAR REGREBSION BEYWEEN
THAX AND THIN,

AMINCE) STANDARD DEVIATION GF THMIN,

ZAIRT AVERAGE DAILY AIR TEMPERAYURE FOR YIMESTEP, DEGREES
CELCIUS, DRIVING VARIABLE U8ED BY CTHER SUBMODELS,

ZESUM SUM FROM OCTYOBER | OF ZEVAP, MM,

TEVAR POTENTIAL EVAPORATION, MM/TIMEBTEP,
DRIVING VARIABLE USED BY OTHER BUBMODELS,

20HPD PHOYGPERIOD OF FIRSY DAY IN TIMESTEP, MOURS, DRIVING
VARIADLE USED BY OTHER SUBMGDELS,

ZRALN TOYAL PRECIFITATION FOR TIMEBTEP, mM, ODRIVING vARIABLE
USED BY OTHER SUBHODELS,

ZRK AyERAGE DAILY RELATIVE WUMIDITY, DECIMAL FRACYION PROM
Oml, DRIVING VARIABLE USED 8Y OTHER SUBMODELY,

ZRINT PRECIPITATION INTENSITY, MM/HR, DRIVING VARIABLE USED
8y OTHER BUBMODDELS,

ZRYUK SUM FROM OCTORER 1 OF ZRAIN, MM,

ZSUN AVERAGE DAILY PER CENT POSSIBLE BUNLIGHY FOR TIMEATEP,

DECIMAL FRACTION FROM Owl, DRIVING VARIABLE USED
8Y UTHER SUBMODELS,

ITHAX WyERAGE DAILY MAXIWUM TEMPERATURE FOR TIMEATER,
DEGNEESB CELLIUS, DRIVING vARIABLE UBED BY OTHER
SUBMODELS, '

ZTHIN AVERAGE DAILY MINIMUM TEMPERAYURE FUR TIMEATER,
DEGREES CELCIUY, PRIVING vARTABLE UBED aY OTHER
SUAMGDELS,

ZWIND AVERAGE DAJLY WIND SPEED FDR YIMESTEP, DRIVING

VARIABLE UBED BY OTHER SUAMODELS,




0290
c2%

*

DO 3 Imi,PMDY

HYIMERMDAY/2Be}
IF {MTIME ,GT, 13) MTIME=1}

IF(,NOT,READ)GQTOL 00
READ(8,25, ENORSOQ) TMAX, THIN,PRECTIP
FORMAY(TX, 2F6,1,36X,Fb6,1)

GoOTode

READ®,FALSE,
GoTo1CC

Modeling

PROGRAM DESCRIPTION

PSWG, Version |

Only the important segments of the FORTRAN code are
shown and described. Seguence 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 be found in Table A-1,
which also appears at the beginning of the program listing.

P3Gt 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.

Pec1 184
P3Gt 185

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

P61 189
PRGY 190
P8G1 191
PEGY 192

I 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 194
#8671 197

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

IF (THAX,LT,THIN)GOTOLC PRGY 202
IFCOTMAX (LT,»30,),0R, (THAX,GY,45,))60TQ40 P8G1 203
IFCCTHINGLY (=30, ),0R, (TMIN,GY,45,))60Y040 PSG1 204
IP({(PRECIP LY 50, ) AND, (PRECIP,GE.0,0)).0R,{PRECIP,GT,5000,)) FSG1 209

GOTO8O F8G1 206

040 ARITE(B,SO)IPHIOAT  THMAX, THIN,PRECTIP
050 FORMAT(' 1,15%,3F12,%)

8T0P

Check data just read and see if they are reasonable.

P56y 210
P8§G3 2%
P86y 212

We reach here only if 2 datum was judged unreasonable.
Write offending card and stop execution.
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080 CONTINUE P8G61 215
SMAXRSMAXSTMAX P86t 2t6
FMINRSMINGTHIN FSGL 217
BPRECWSPREC+PRECIP P86y 218
TRAINCIIBPRECIP PSGL 220
GOTOR PSG1 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.

100 CONTINUE #5615 225
THAX ® XMAXC1) ¢ XMAX{2)®SIN(,0LT72LU*MOD((PHIDATH3GU, ) ,305,) P56y 234
C «1,5707986) P5G1 235
GOl THMAX % THAX + XMAX(3)I*RNCR{ISEED) PSG] 237
THINBXMINCIY#XMINC2INTMAX P56 238
THINRTHINGXMIN(I)RNOR(ISEED) PYGY 239
IF (TMIN ,GT, THAX) GO TO § PSG1 240
SMAXBIMAXSTMAY PSG1 aul
GMINESMINSTMIN PSG1 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.

IYESTRIPROB(RAINLIVEST (MTIME), 1) PSGY 2ub
IFCIYEST oNE, 2) THAINC(I)=20,0 PSGY 2u?
IF (IYESTY ,NE, 2] GO T0 2 PSGY 248
JEIPROB(PREC(LyMTIME) ,S) PSGY 2u%
SPRECHSPRECHANT(]) PSG1 250
TRAIN(II®ANT () PSG1 291

Stochastically generate the day's precipitation. First
determine IYEST for current dav which depends on
previous day's value. {If previous value was 2 rather than 1,
then probability of IYEST = 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. Caleulate |, the size class of the event, an
integer from I to 6 which depends on time of year. Once size
class is determined, the amount corresponding to this class is
added to SPREC, and loaded in TRAIN(I).

002 JeIPROB(WIND(I,MTIME) T} P5G1 254
SWINDBAWIND#(J=1)%8,05 PSGY 255

Generate today’s wind speed. First find ], the size class.
Todav'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.

JEYPROB(SUNCL, MTIMEY, 10) PSG1 258
SSUNEBSSUNS (Jmyi)#0, 4 P§G1 259
JEIPROBIHUM(L, HTIHEDY, 10) PSG1 262
SHUMNSHUKMS (Jni) %0, L PSG1 263

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.



D03 HOAYNMDAYS]

X%1,/PMDTY
ZTMAXRSHAX®X
ITMINRAMINGX
IWINDESW INDeY

IWIND ® ZWIND % PWFAC

TSUNBESUNY

IRKEGHUHRX

IRAINRSPREC
ZAIRTH(ITHAXSZTMINI/2,

DECLeARSIN(E NGO, 2B31853023,05/360,)
C COSIMOD{(PMJOATHLYS,),365,)%6,2835853/365,))
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PSG1 264
The main loop of PSWG is ended by incrementing the
Julian date.

P5G1 269
F5G1 2710
FAGY AN
£8GY 272

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

PG 276

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

P5G1 279
P8GL 280
PSG1 281
P5G1 282

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

PSG1 289
F8Gy 286

Xm(SINCLAT®*S ,2631855/560, JkTAN(DECL)#8IN(,87546,2851853/360,))/ r3G1 287

C COB{LAT*&,2831B53/3480,)

IF {x 67, 1,) X=i,

IF (X LT, =1,) Xmel,

FPHPDE]2, + I3IRI3I4ARSIN(XI#D60,/6,285185)

CALL RINT{ZRINY, TRAIN, IRAIN; PMDT, PHJDAT., 1BEED)
CaLL EVAP

IRAINZPACTORRZIAAIN

ENTRY ZINIT

PEGI 288
P8GY 289
P3G 290
PSGY 29t

Calculate ZPHPD, photoperiod, in hours, of first day of
time-step.

P5GL 295
P8GY 300

Determine rain intensity and potential evaporation,

PSG1 304

Change time-step precipitation if FACTOR is not equal to
1. 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
Water Response Model, as its name implies.

PSG1 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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a4t
50

CALL EVINIT
CalLlL RIINIT

0O 3 lmei,PMDT

READ(S, 30, ENDRSOO) THAX, TMIN,PRECTP, WIND,PPA, RH
FORMAT(:0X,2F5.0,F5,2,F5.1,2F5,2)

TMAXB(THAN 2, %0, 555555
THINR(THIN=32, )40, S5REEE
PRECTPREREC I1O#28, &
WINDEWIND®Y, 48830

IF(TMIN,GY, THAXIGOTOUO

IFCCTMAY AT, HE.!,GP (THIN, LT.-US JiGovYoun
TP(tpn!ctn GT,40,),0R, (PRECTIO (T,0,0))60704¢
TFO(UIND,RT,60,), GR (WINR, LT, 0,0)360%040
1F((PPS.GT, l 0),nR, (PPs LT,0, o!]rnrouo
TEC(RM,LF,1,00),AND, (RH, GF 0.0))1G0TO60

WRTITF L&, 50 THAY, THIN, PRECTR, wIND, PRY, AH,BMTOLT
PORMATLY *,TF10,3)

sTRp

AMBY G A+ THAY
SMTAWAMINGTHTIN
SPRECEAPREC4PRECTR
SWINDRAWTIND$WTND
SHUNRRAUNSPPS
SHUMe EH{MIRH

TRATN(I)zPRECTR

20

PG 418
PEGL 419
Call initialization sections of subroutines EVAFP and
RINT.

PSWG, Version 11

Version II is much more simple than Version 1.

P62 120
Begin main loop. Go through loop once for each day of
time-step.

P62 {22
P3G2 123

Read today’s weather data.

#3622 £33
PAG2 34
PAGZ 7Y
PAG2 140

Convert temperature, precipitation and wind speed to
metric units.

PaG2 144
G2 fa%
eRG2 [dk
BGR tuy
PRG? LU
PYGE 149
P8G2 152
P52 153
PE52 154

Check if values just read are reasonable. If not, print

offending card and stop. If reasonable, go on to summing
section,

P852 158
Pes2 (59
D852 kO
PRGZ2 (A%
PGE th2
PEGZ 63

Keep running sums of values for appropriate averages to
be calculated below,

PSG2 16
Load TRAIN(I) for use in rain intensity subroutine,
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TEVAPRFI(TAIRT,

ARRAY1, NPTS)
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P62 168
End of main loop.

From here on, Version I is the same as Version 1, 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.

SusrouTing 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.

EVAP 056
Here, ZEVAP is multiplying factor (< 1) depending on
air temperature, which has been empirically determined.

Table A-2. Variable dictionary for EVAP

by B Cr 2

ARRAY{S,2)

CyvLOv

DALITE(365}

OLIFR{365)

Fi

LaT

MM
NPTS
PMDY
PHMIDAT

RCHECK{2D)

TOTHMIN
ZhIuTY

ZEVAP

TEMPORARY vARJABLES USED IN DAYLIGHT CALLULATION,

PAIRS OF DATA POINTS FOR INTERPOLATION BY Fi IN
CALCULATING BLANEY CRIDDLE FALTOR,

FRACTION OF 80IL SURFACE COVERED BY ANNUAL AND
PERENNIAL VEGETATION,

ARAAY INDEXED BY JULIAN DATE , GIVES NUMBER OF
HINUTES OF DAYLIGHT QM THAT JULTIAN DaTE,

ARRAY INDEXED BY JULIAR CATE AND IS FRACTION OF YEAR'S
DAYLIGHT WHICK FALLS On THAY JULIAN DATE,

FUNCTION wHICH LINEARLY INTERPOLATES BETWEEN PALRS OF
DAY PUINTS TO DETERMINE DEPENDENT VARIABLE,

LATITUDE OF SIYE, DEGREES,

FLAG USED ONLY IN CASE PMJDAT I8 EVER ZERD,

NUMBER OF PAIRS OF DATA POINTS ACTUALLY USED IN ARRAY,
LENGTH OF TIMESTEP, DAYS,

JULIAN DAYE OF FIRST DAY OF TIMESTEP,

ARRAY USED TO READ AND WRITE COMMENTS IN wWITH
INITIAL DaATS,

MINUTES OF DAYLIGHT IN YEAR,
AYERAGE TIMESTEP AIR TEMPERATURE, DEGREES CELCIUS,

POTENTIAL EVAPORATION FOR TIMESTEP, MM, DRIVING
VARIABLE USED AY OTHER SUBMODELS,
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IF(PRIDAT ,GT, 0) GO TO &T0 EVAP 05T
PMJIDATSL EvAP 038
L LED) EVAP 059
670 CONTINUE EVAP &0

PM]DAT is used as a subscript in the next line. These lines
simply set it equal to 1 in case it should ever be 0.

TEVAPRZEVAPR{L BnZAIRT ¢ 32,)%DLYFR(PMIDATIWN(] ,«CVVLOV)I#25 ,4#PHDT EVAP 063

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
davlight occurring today, times the fraction of uncovered
soil surface, times 25.4 to change from inches to millimeters,
times PMIDT to change from one day to the value for the
entire time-step.

CYVEOVmO,0 EVAP 064
Reset CVVCOV. 1t is calculated each time-step by one or
hoth vegetation submodels,

1F (&M ,EQ, 0) GO TC 680 EVAP 065
PHJOATRD EVAP 0&6
LLE L] EVAP 067
680 CONTINUE EVAP 0&8

Set PMJDAT back to 0 if it was changed to 1 in lines
37-60 above.

ENTRY EVINIT EVAP 073
Entry point called once from PSWG to read initial data
and do davlight calculations which need to be done only

once.
DO 650 I=xi, 365 Evap 108
ARTI0,m 2YURLATH, 007984 ({ATH22) EVAF 109
Bald,2m TORLATS ie(LATnn?) EVARP 110
C=] Evaf 11}
Img,*3, LU16w{(C+2B5,)/365,) EVAP 112
DALITE(])=A+BaSIN{Z)} EvaP 114
TOTMINZDALITELLII+TOTHIN EVAP 115
650 CONTINUE EVAP 116

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

D0 b6D [al, 365 EVAP 119
DLYFR{I)®DALITECI)/TOTHIN EVAP 120
640 CONTINUE EvAP 121

Calculate DI.TFR, the fraction of daylight which occurs
each dav of the year.
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SusrovTine RINT

This program caleulates 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 oceur.

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

RINY 070
Make one pass through this loop for each day of time-step.

Table A-3. Variable dictionary for RINT

by B

ARRAY (L0}

BA
B1
£l

I18EED

N

NPT8

PDAYL:PDAYR

PHOT
PHJIDAY
PTH
PAL2)

R
RCHECK(20)

TR
TRAIN(RO)

YByYM

IRAIN

ZRINT

FARAMETERS IN HIGH INTENSIYY CALCULATION,

HOLDS Up TO S PAIRE OF DATA POINTS FOR INTERPOLATION
8Y FUNCTION F1 In DETERMINING NORMAL INTEMSITY.

INTERMEDIATE VARIABLE IN WIGHM INTENBITY CALCULATION,
INTERMEDIATE VARYABLE IN MIGM INTENSITY CALCULATION,

FUNCTION WHICH LIMEARLY INTERPOLATES BEYWEEN NPTS PAIRS
OF DATA POINTS,

INTEGER FROM WHILH RANDOK NUMBERS ARE GENERATED,

INDEX GF TIME OF YEAR, 1IN HIDDLE OF YEAR Nmi,
OTHER TIMER OF YEAR NB2,

RUMBER OF PAIRS OF PATA POINTB IN NORMAL INTEWSITY
CALCULATION,

BEGINNING AND EMDING JULTAN DATES OF CENTRAL
SEGHENT OF YEAR,

LENGTM OF TIMEBTEP, DAYS,

T JULIAN DATE OF BEGINNING OF TIMESTEP,

FRECIP AMOUNT ABGVE wHICH RIGHM INTENGITY CAN OCCUR

COMPARED WITH R YO 8EE IF HIGH INTEMGITY ACTUALLY
OCCURRED,

TEMPORARY vARIABLE, SEY EQUAL TO RANDDM NUKBER

ARRAY USED FOR READING AND WRITING COMMENTS IN wITH
INITIALIZAYION DATA,

TEHPORARY VARIABLE,

DAILY PRECIPITATION AMOUNTB, MM, ARRAY INDEYED BY
DAY OF TIMESYEP

JODAYTE RAIN
TODAY'S PRECIPITATION INTENSBITY , MM/HR,

UM DVER TIMESYEP OF DAILY PRECIP IWNTENSITY YIMES
PRELCIP AHOUNTY,

YIMEBTEP PRECIPTATION,MM, DRIVING VARIABLE USED BY
HATER BUBHODEL,

RAIN INTENSITY,; MM/HR, ORIVING YARIABLE USED BY
WATER BUBMODEL,
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KSTRAINCT)

IF(x +GY. 1,E=5) 6O TQ 100
GO To 5890

100 JF{X LT, PTH) GO TO 500

AORANDOM{ YSEED)

Nag
IFCCPHIDAT GE, PDAYL)} ,AND, (PMJDAT i E, PDAYZ)}) Net

IF(R .GT, PA(N)} GO TO SO0

RER/PA{N])

150 TREBA#({,=R)}
IF{TR ,LE, 1.E=10) TRe],Ee|l
YseBi®ALOG(TR)
IF{Y GT. 2%, ve2s,
Bo YO S20

RINT 074
Get today’s precipitation amount, x, from appropriate
location in TRAIN, which was loaded in PSWC.

RINT G077
RINY 079
If x = 1.0 x 10-%, this is considered precipitation so an
intensity must be determined. Otherwise, go to end of
loop.

RINT o082

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.

RINT 085
If we reach here, a high intensity is possible. Choose a
random number uniformly distributed in interval 0 to 1.

RINY 091
RINY 0%2

Determine which of two segments of year we're in, In
central segment (summer, roughly) N = 1.

RINT 09§
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.

RINT 09T
If we reach here, a high intensity will result for today’s
precipitation. Generate a new random number,

RINT
RINY
RINY
RINT
RINY

099
100
M
10§

106

Calculate intensity from exponential distribution, TR is
not allowed to be smaller than 107" 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 caleulation.

Lines 99 and 102 require several lines of algebra to derive.
From “Local Climatological Data” sheets obtained from



BGO0 YRFL(PMJIDAT, ARRAY, NPTE)

Modeling

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

{frequency of precipitation events per .01 in/hr interval
where intensity 2 0.1 in/hr)

V8.
(intensity, in/hr).

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

frequency = ae DX, (A-1}
where x is the intensity, in/hr.

Then, if intensity > 0.1 in/hr, probability for intensity to be
hetween x and x+dx is

P(x)dx = (ae"D%) (dx/.01). (A-2)

If intensity > 0.1 in/hr, the probability for it to be between
dand 0 is 1, i.e.:

1=/ (aeP%) (dx/0.01) = [a/(01b)]e 2P, (A-3)

If we let S be the probability that 0.1 in/hr < intensity <
x*, then

§ = 0";- (ae~D%) (dx/0.01). (A-4)
If the integral is carried out,
S = 1--[a/(0.01b)]e"bx", (A-5)

Now, if we let § = 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* = - (1/b} In{(0.01b/a) (1 — R}]. (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 (.0lb/a becomes 0.01* B/A = BA; 1/b
becomes 1./B => 25.4/B = Bl, so that intensities come
out in mm/hr, not in/hr. Thus, (0.01b/a) {1-R) becomes
BA+{l.——R) = TR; x* becomes Y; and Y = -—BI+ALGG
(TR).

RINT 140
This is the normal intensity calculation, This line is
missed only if intensity is high (i.e., this line is seldom
missed). Function F1 interpolates between values found in
ARRAY, dependent on time of year,
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sio

574
589

Goy

oz

YAUHuxeY ¢ YSUM RINT 113

Continue running sum over time-step of daily intensity

times amount,
IF(ZRAIN LEs 1,E=6) GO TO 570 RINY 118
ZRINT B YSUMZZRAIN RINT 1§9
80 TO 560 RINT 120
IRAINBD L0 RINT 121
IRINTRO, 0 RINT 122
EFC(ZRINTA24,#PHDT) (LT, ZRAIN) ZRINTOIRAIN/(24,PHDT) RINT §23

Determine average rain intensity, making sure of two
things first: I} that we dont 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.

ENTRY RIINIT RINT 129

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

BABD,01#B/A RINT §76
81825,4/8 RINT 177

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

Funcrion IPROB (A,N)

IPROB (AN) determines an index from 1 to N++1
given an integrated probability distribution A and a uni-
formly chosen random number X, 0<X<1. A is an
array with N values such that A1) TA@Q)< A< . ..
< AMN) €1. IfA(1) > X, then IPROB = 1. If A(2) > X >
A(1), then IPROB = 2, etc. If X > A(N), then IPROB =
N+1. Array A can be set up in mary ways. The index
determined can be for precipitation size class, wind speed
class, relative humidity (RH) class, ete. For example, we
have RH classes set up so that if IPROB = 1, RH = 0, if
IPROB = 2, RH = 0.1, ..., if IPROB = 11, RH = 1.0,

XERANDON {18EED) 1PROB 04
Choose random number between 0 and 1.
DO 1 1®1,N IPROB 05
IF (ACI) 6T, X) GO 10 2 IPROB 06
CONTINUE IPROB OF

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,

1PROSE] 1PROB 98

Set value of function equal to current value of I. Usually
this means A(f—1) < X < A(l}. If DO loop was exited
normally, i.e., X > all valuesof A, then ] = N -+ 1,
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COMPLETE PROGRAM LISTING

SuBrOUTINE PSWG, Version |

SUBROUTINE PSWG

THE RESTY,

AMT (&)

DECL
Evap

FACTOR

HUM{10,15)

IPROB

ISEED
IYEST

JOAY
LAY

HDAY

HTIME

NNN

PHDT

PREC{6,11)

PRECI®
PHJDAT

PrFAC

RAIN(2,13)

RCHECK(20)

READ

RENT

OO OO0 0N oD OO O o000 On D00 nNnOo nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnﬁnnnnnnnnnnnnnnnnn

RNOR

AUGUST 1978

WRITTEN BY xIn MARSHALL

QESERT BIOME
UTAH STATE UNIVERSITY UMC 52
LOGAN, UTAH 84322

VARIABLE DICTIONARY

AMT(I) I8 AMOUNY OF PRECTISITATION IN MM IN EVENT
{LAB3 T,

ANGLE CALCULATED IN PHOYOPERIGD CALCULATION,

BUBROUTINE wWHICH CALCULATES POYENYIAL EVAPORATION,

PRECIPITAYION FALTOR BY wHICH EACH EVENT I8

MULTIPLIED,

INTEGRATED PROBABILITY DISTRIBUTION OF RELATIVE
HUMIDITY CLABS BY PERIOD OF YEAR,

FUNCTION WHICH DETERMINES DEPENDENT YARIABLE GIVEN
INTEGRATED PROBABILITY DISTRIBUTION, BY RANDOMLY
CHOOSING INDEPENDENT VARIABLE I[N RANGE 0w},

SEED FROM wHICK RNDR GENERATES NEXT RANDOM NUMBER,
EQUALS | TF THERE wAS NO PRECIPITATION YESTERDAY,

EQUALS 2 TMEN THERE w48 PRECIPITATION YEBTEROAY AND
PROBABILITY OF PRECIPITATION TODAY I8 INCREASBED,

CLA3Y INDEX, USED IN PRECIP, WIND, SUN, HUM GENERAYION

JULIAN DATE AT BEGINNING OF TIMESTER,
LATITUDE OF SITE,

CURRENY JULTAN DAY [INCREMENTED [N PSWG FROM
JOAY TO JOAY#PHDTI,

[NDEX OF 4 wEEK PERIQGD GF YEAR IN wHICH MDAY FALLS,

COUNTER TO DETERMINE WHEN TO START PRINTING ON
NEXT PAGE,

TIMESTEP LENGTH, DAVYS,

INTEGRATED PROBABILITY DISTRIBUTION DOF PRECIPITATION
CLags BY PERIOD OF YEAR,

PRECIPLTATION FOR CURRENT DAY, MM,

JULIAN DATE AT BEGINNING UF TIMEBTEP, yALUE
DETERMINED IN MAIN PROGRAM,

FACTOHR FOA ADJUSTING AVERAGE wIND SPEED IF SITE 1S
KNOWN TO HAVE DIFFERENT AVERAGE ~IND SPEED,

ARRAY HOLCING VALUES OF (1, = PROBABILITY OF PRECIP,

TUCAY) GIVEN PERIQOD OF YEAR AND wWHETHER DR NOT WE HAD

PRECTIP, YESTERDAY,

VARTABLE USED TD READ AND WRITE COMMENTS IN WITH
InITiAL DATA,

IF =, TRUE, THEN READ TEMPERATURE PRECIPITATION DATA
FROM SEPARATE DATA FILE,

SUBROUTINE wHICH CALCULATES PRECIPITATION INTENSITY,
RANQOM NORMAL NUMBER GENERATOR (68X OF vALUES LIE

THE PURPOSE OF YHIS$ SUBROUTINE I8 TO PROVIDE DRIVING VARIABLES FOR
USE BY SUBMODELS UF THE wATER RESPONSE MODEL,
THIS VERSION OF P5WG USED IN TUNMING AND VALIDATION RUNS,

THIS VERSION OF PSWG CAN EITHER PBEUDD STOCHASTICALLY GENERATE ALL
WEATKER VARIABLES GR IT CAN READ YEMP AND PRECIP DATA AND GENERATE

s an g dnnddau il ddddddfdd ddddddddud dd Ad A A A dad A dud s d A A A A A A ¥

P&G1
PEGY
P55
P561
P§G}
P8G1
P3G1
PS61
PGY
P5GY
P86}
PAGE
PSGE
PSG1
P8G1
P8GY
P5G1
P3G
P3GY

€ P8GI

144

c
c
[
c
[
<
<
c
c
c
<
c
c
c
c
c
=
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c
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c
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[
¢
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[
c
[
o
[
[
¢
¢
¢
c
4
¢
¢
C
[
<
¢
4
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4
c
C
C
4
c
[
c
c
¢
[
£
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P561
PEGE
P8G1
P8GI
P8G1
P5G61
P8GL
PSG1
P3G
FiG1
PEGY
PEGS
PSG1
P8G1
P86y
P8GY
P8G1
P5G1
PEGL
PBGY
PFBGY
PSGE
PEGI
P&G1
14331
P8G1
P8G1
PBGY
PEGY
P3G
PSG}
P8G1
P8GY
P§61
PEGY
P86
P56}
PEGL
PEGI
P3G
PSG1
PG
P5G1
PEGY
FEGY
P5G!
P56}
P5G1
P5G1
P5G1
PEGL
PSGY
P5G1
PSG1
PSG
PEG1
#561
PSGY
F5G}
PSGS
P5G1
P5G1
PSG1
P561
PSG1
PSe1

001
co02
663
0ok
6%
066
007
608
009
010
ol
012
PR
014
¢35
Gié
017
018
819
2o
0Zi
02z
023
024
oas
134
627
028
029
03¢
031
032
013
[21.]
¢35
[B1:)
037
038
639
Q40
04l
0G2
043
cuy
04s
0aée
047
Q4B
042
0%0
051
2 1]
053
054
05%
054
057
058
059
GeQ
[t1-3Y
962
063
b
0635
O&b
067
068
te9
6to
07}
972
LE
074
475
016
077
078
o419
089
a1
1Y
083
(Y]
08%
131

Modeling
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c BETWEEN =) AND +1), C P8Gy 087
¢ C PSGY 0BA
[ 11318 RUNNING 8SUM OF UP TC PMDT DAYS' RELATIVE WUMIDIYY, ¢ P3G 08%
[+ ¢ PEGY1 09¢
[ - LI} RUNNING 8SU¥ OF UP YO PHMDT DAYS' MAXIMUM YEMPERATURES, ¢ P8G1 091
< DEGREES CELCIUS, £ P61 092
c ¢ PUG1 093
L BMIN RUNNING UM OF UP TO PMDY DAYS! MINIMUM TEMPERATURES, ¢ P8GY 094
c DEGREES CELLIUS, L PAGL 095
¢ L PBGY 09e
¢ BPREC RUNNING SUM OF UP 70 PMDT DAYS' PRECIPITATIONEVENTS, MM, { PBG1 097
4 € PSGL 098
¢ B8UN RUNNING SUM OF UP TO PMDT DAYS' PER CENT POSSISLE € PEGY 099
[ SUNLIGKT ¢ P8G1 10¢€
c ¢ PBGL 101
C SUN{10,13) INTEGRATED PROBABILITY DISTRIBUTION OF PER CENY ¢ PBGY 102
c POSSIBLE BUNLIGHY CLASS BY PERIOD OF YEAR, C P5GY1 103
[+ £ PSGYL 104
€ SWIND RUNNING 8UM OF UP TO #MDT DAYS' AVERAGE wWINKD B3PEEDS, ¢ P8G1 105
c KM /MR, C P8GYL 106
C ¢ P8GYL 167
£ TMAX HAXIMUM TEMPEHATURE FOR CURRENT DAY, DEGREES CELCIUS, ¢ PSG] 108
c ¢ P8GYL 109
C  TMIN MINIMUM TEMPERATURE FOR CURRENY DAY, DEGREES CELCIUS., ¢ P8GI §10
c C P3Gy 11
C TRAIN{Z20Q) ARRAY WHICM HOLDS DAILY PRECIP VALUES FOR TIMESTEP C P8GY 112
c (UBED BY RAIN INTENBITY ROUTINE), C PG 113
c C P&GE tid
€ WING{7,13} [INTEGRATED FROBABILITY DISYRIBUTION OF WIND SPEED CLASSC PSG1 145
|4 BY PERICD OF YEAR, ¢ PBGY 1i&
c C PBGY 117
C XMAX{1),xMAX({2)} PARAMETERS FOR BINE ®WAVE FIT 7O BEVERAL YEARS! C P8G1 118
[+ DAILY MAXIMUM TEMPERATURES, YTAKEN AT NEAREBT REATHER C P8G1 119
¢ BUREAU 8ITE, € P8G1 120
c C PBGL 124
€ AMAX{1) STANDARD DEVIATION OF DATA ABQUY BINE wAVE FIYT UBING ¢ PBG1 122
c AMAX (1) AND XMAX{R), C PaGy 123
c C P8GY 124
C XMIN{1},XMIN(2) PARAMETERS FOR LINEAR REGRESSION BETWEEN C P8G1 12§
c THAX AND TMIN, C PBEY 126
c C P3GY ie?
C XMIN{3) STANDARD DEVIATION OF TMIN, C PSGY 128
c C PAGL 129
¢ ZaIRT AVERAGE DAILY AIR TEMPERATURE FGR TIMESTEP, DEGREES C P3G1 130
¢ CELCIUE, DRIVING VARIABLE USED BY OTHER BUBMODELS, ¢ PRGL 1M
C C P8GY 132
¢ ZESUM BUM FROM OCTOBER 1 OF ZEVAR, MM, € PBGYL 133
o ¢ P8GY 134
€ ZEVAP POTENTIAL EVAPORATION, MM/TIMESTER, € PaGL 135
¢ ORIVING VARIABLE USED BY OTHER SUBMODELS, ¢ P3G 13
[« ¢ P8GY 137
C  IPHRD PROTOPERIOD OF FIRSY DAY IN TIMESTER, MOURE, ODRIVING { #£8G1 138
C VARTABLE USED 8y QTHER SUBMOODELS, ¢ P8GY 1)9
[+ C P8GY §40
€ ZRALN TOTAL PRECIPITATION FOR TIMEBTER, MM, DRIVING VARIABLEC PBGS 41
4 USEC BY OQTHER SUHMODELS, ¢ PHGY §ad
c C P8GE (43
£ ZRM AyERAGE DAILY RELATIVE RUMIOITY, DECIMAL FRACTION FROM L PAEGY 44
C =i, CRIVING vARIABLE USED BY OTHER SuBMODELS, C PSGI tus
c C PEGL L4éb
t  ZRINY PRECIVITATION INTENSITY, MM/MR, DRIVING VARIABLE USED ¢ P8GL 147
4 HY QYHER SUBMODELS, C P8G1 148
[+ C PSGY 149
€ ZRSuM SUM FRCM OCTOBER 1 OF YRAIN, MM, € PAGL 150
c C P8GYI 151
¢ 25Ul AvEHAGE DAILY PER CENT PCSSIBLE SUNLIGHT FOR TIMESTEP, C P8G1L 152
c DECIMAL FRACTION FROM Qel, DRIVING vARIABLE USED C P8G1 153
c BY UTHER SUBMDDELS, C P3G1 154
[+ C P8G1 155
L 17TWAX AyERAGE OAILY MAXIMUM TEMPERATURE #OR TIMESTER, C P5G1 156
€ OEGREES CELCIUS, DRIVING VARIAALE VUBED BY OTHER ¢ PAGL 157
[+ SUBMODELS, ¢ P8GY 158
[ ¢ P8GY 159
C ITMIN AVERAGE DAILY MINIMUM TEMPERATURE FOR YIMEATEP, C P8GS 160
[ DLGHEES CELCIUS, DRIVING vAHIABLE UBED BY OTHER C P8GY 161
o SUBMODELS, { PYGY 162
< C P3G1 j63
¢ IwIND AvERAGE DAILY wIND SPEED FDR TIMESTEP, DRIVING C PSG) i6d
¢ YARIABLE USED BY OTHER SURBMODELS, C PGS 165
C C P8GL Lé6
[ddandddddddddddadiddddvddiddddddddddddddddd dndddddd dddddddtdodd ddoi s Jd A1 [ BN T-2]
¢ P&GL 1648
c P3G1 169
c PSGL 170

SHAXED, PSG1 17}

SMIN®O, P&G{ 172

SeRECaD, FSG1 173

SSunmpd, PEG1 174

SWIND®O, PIG1 178

BHUMNG, F8GS 176
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JoaYRPHIDAY
HOAYmJDAY

HAIN LOBP
BC 3 In§.PMDY
HTEHEBHDAY/28¢§
IF (MTIME BT, £3) MTINE=LD

RE&D IN TEMP ARD PRECIP DAYA IF FLAG SEY
IP{ NOY,READIBATOLI00
020 READCE, 3%, ENDa%00) THAN, TMIN,PRECEP
028 FORMAT(TH @F G, 056K ,Fb,1)
GOYO030

$00 READB.FALBE,
IF WE REACH HERE THEN ADDITIONAL TEMPS AND PRECIP WILY BE
SUPPLIED BY THE B8YOCHABTIL WEATHER GENERATOR,
GOY0LG0

030 COMTINUE

NOKW CHECK DATA FOR BEING REASONABLE
IF{THAN LT, THINIGOTOQ0
FFOCTHAX LY 23000 o OR, (THAX 6T, 068,))B0T040
TFCCTHINGLT =30, .08, CTHIN.GT,4%,)9607040
IPLCCPRECTIP LY B0, s AND (PRECEP.GE 0, 0)),0R (PRECIP,ET,5000,))
#  GOY06O
SOMETIMES ZERD PRECIP IN DOCODED I8 LIBTED AS A RIDICULOUSLY LARGE NO

BGMETHING WRONG = wRITE OFFENOING CARD AND HTOP
040 WRETEC(O,FOIPRIDAT, THAX» THIN,PRECIF
050 FORMAT(' 1,15,3F12,5})

80P

060 CONTINUE
AMAXBBHANCTHAX
SMINaGHINCTH]IN
BPREC28PRECPRECEP
LOAD ®RECIP INFORMATION FOR ZRINT CALGULATION
TRAINR(Y)mPRECIP
goveR

100 CONTINUE
TEMPERATURE BECTION
THAX I8 A QUARRATIC FIT TO THE YEAR'S TEMPERATURESR
RNOR Y8 'RANDOM NOAMAL' NUHBER GEMERATOR { ,68 OF YALUFS BETHWEEN
wl ARD ot}
XMAX(3) 13 THE 9TANCARD DEVIATION ABOUY THIS FIT,
THE FIRST THAX BELOW I8 & SINE WaAVE FIT YO THE YEAR'G MEAN HMAX YEMP
JD17286 w 2 ¢ PT 7 38%,
1,570796 8 PI /7 R,
THAX 8 XMAX(L) ¢ XHAX(2)#3INC,0ETR540MOD((PMIDAT®34U,)}.365,)
C =1,370796)
THE FOLLOWING THAX I8 THKE DAY'!E MAXIMUK TEMPERATURE,
Gai THAX & THAY ¢ XMAX(3)RRNGR{ISEED)
THINBXHIRCL) oXRIN{ZYaTHAX
THINaTMINGXMIN(IIaBNOR{IBEED)
IF (THIR GY, THAX) GO YO 1
SHAXESHANSTHAX
BHINBIMINSTHIN

PRECIPITATION SECTION
IYESY HAD SOMETHING TO DO WITH WHETHER (R NOY wE MAD RAIN YESTERDAY,
IYESTHlPROD(RAENIYEST MTIME}, L)
IFCIYEST NE, 2) TRAIN(1)80,0
IF (IYEQY ,NE, 2) GG TO 2
JUIPROBIPREC(§oMTIHED,5)
SPRECESPREC+AMT ()
TRAIN(IYaAMT L)

HWIND SECYION
00g JaEPROB(WINDCE MYTHE} (7D
SHINDRBWINDY (Jold)nB 0%

PERCENT POBSI8LE BUNLIGHT SECTIGN
JRIPROBCBUNCL, MTIMNEY, 10D
JSUNBEIUNS (Jo1)#0,1

RELATIVE HUWMIDITY BECTION
JEIPROBIHUALL  MTIHE) 10)
SHUHuGHUKS (Jot ) %0,

003 HDAYEMDAYe!

END MAIN LOOF

P861
P86
P8GIL
PaG!
P86
2153
PBGL
Pt
P3GY
PBGY
P8G)
PEGE
PEGY
P86
PG
PEGY
PAGY
P&G1I
PeGy
P86
P3G}
PRGY
P56
P8GL
P8G1
r861
PaG§
PS61
P361
861
P3G
RBGY
PSGY
PEGY
P8G1
P8GY
PEGY
PBGL
#86)
PaG
PSGY
(4173
P8G1L
#8561
P8GY
P3G
P561
P3Gt
P56
PSG}
PSG1
P8G1
P3Gy
PEG1
P5G}
PSG1
P56G1
P3Gl
P8
P86y
P56
PSGL
PG
PEG1
RaGY
P86}
P8GY
PBGE
PiG]
FOGY
P56
P86
PeGY
#86§
P3Gt
PaG1
P56
PaG)
PeG1
PBGI
F8G1
PaG1
P56
PG}
PEGT
P86y
P86t
PAGY
PEGE
PSGt

177
178
179
180
184
182
183
184
185
186
187
188
189
194
194
192
193
194
195
186
197
198
199
Qb0
201
202
203
294
205
206
207
208
209
210
a1
252
213
214
215
216
217
248
219
22
ag1
22
223
a4
225
226
227
228
229
230
&M
232
233
234
235
236
237
2318
23¢
4G
aat
2uz
243
244
245
246
247
268
249
a5¢
254
252
253
254
255
256
257
258
259
260
2hi
262
263
2464
268
dbb

Modeling
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P8G1

POGY

xml,/PHDT P86
LTHAXBSHAXWRYX PSGY
ITHINBBHIN®X P8GY
ZHINDEBHIND®Y P86
P§G1

HERE'8 A FACTOR ®#OR ADJUSTING AVERAGE WIND SPEED IF SITE IS KNOWN TO P3GI
BE DIPFERENT FROM MEABURING STATION P3G
ZHIND o ZHIND # PRFAC PSGY
IWIND I8 IN KHM/HH P8G1
PEGY

Z3UNRESUN®Y B5GY
ZRHOEHUMa X P8GY
IRAINu3PREC PEGE
ZAIRYE(ITHAXSZTHEN) /8, PEGY
PBEGYL

THIE I8 WILKINTS PHOYORPERIOD CALCULATIDN PEGL
DECLOARBINCEINGG,2831853223,45/360,)% PaGY

C COS{MOD((PMIDAT+193,),365,326,2831853/365,)) PG}
Xa(BIR{LATHG 2831653/ 360, ) YAN(DECLI#BIN( BYSwe,268185%/360,))/ PIGI

t COBCLAT#6,2BX1853/360,) PEGY
IF (X o67a 1.) Xmi, P8G1

IF (X LT, =1,) Xnmei, PEGY
ZPHREO®m1Z, ¢ {33333« ARSIN(x)I*380,./6,2831853 ;821
SG1

PSGY

DETERMINE RAIN INYENBITY PBG1
CALL REINT(ZRINY, TRAIN, ZRAINy; PMOT, PHMJIDAT, ISEED) P8GY
IRINT I8 RETURNED IN MM/HR P56y
PaG1

P8GY

DETERMINE ZEVAP P8GY
CALL Evap P8GY
PAGY

ZEVAP 18 IN MH/TIMESTER PaGY
PEGE

P86}

THIS IS THE WEATHER MODIFICATION 361
ZRAINSPACTORWZRAIN PAGY
PaG)

PG

SuM BOME YARIABLES FROM OCY | =« » WATER YEAR P861
IFL{RMIDAT, LT, 2706070900 PEGY
IF{ABS{PMIDAT=2T0) GE, PHDTY GO TO 900 PAGYL
ZR8UMB) ., 0 P3GY
LESUMEG, O PG
Q00 ZRSUHWZRSUMSZRAIN PAGI
ZESUMBZEBUB S ZEVAP PBGI
L£.3-H

" PSGL

IF(NNN LT, 58) GO Y0 210 P8G1
wRITE(4,930) £: 131
NNNaQ P3Gy
910 wRITE(U, QUOIPHIDAT P 2THMAX ZTHIN, ZRH ZPHPD, ZRAIN, ZRINT, ZRBUM, 28UN  PSGIL
* e LEVAP ZESUM, ZHIND P8GY
NNNaNNNG ) Pacy
93¢ FORMAT(I{t, IpMJDAY FALTY 2TMIN ZRK IPHPD IRAIPEG!
#N ZRINT IR gum Z8UN ZEVAP TESUK IWINPEGY
&R, /) P3G
QU0 FORMATE! 'y aXy 13, 2C4X,F8,2),5%, FU,2, 3(9X, F5,2): P8G}
k 208X, FT.8), S5X, FS5,2, SX, PT,2s 5%, Fh,2) ::gl

1

RETURN P8GY
PAGY

P86

ENTRY ZINITY P8GY
PAGY

COMMON TIME, TSTARY, TEND (DY, DTPR,DYPL, P8G1
1CAARCE,BI+CADEBT (628 CADETHALAUNST, CDDL(12,4),CHD{I0) ,CHOX (0}, P3GY
2CHOXXN(10) ,CNFIN,CNSDF,CNSDS, CNBOMF ENSBOMS, CNSUR,CVDETH(12,4), PGy
SCVLYPR{ES s 4) jCVPHEN(6,8) s CYPHB(6),CVYRDAT (6,503, CVTBPR{4,8),CyVCOV,PE61
GCHINF CHPSICLO) s PMDT s PHDTYPL ,PMDTPR  PMPGPE ,PHIDAT ) PMN, PHNCON, PHNSP, P3G
SPHXCL0) yXAMCA) p XAAVET (U, B) , XAAMT(Q}, XAFTHLU) f XAFNT (L), XANUMB(4,8),P86)
BXABALUY  XABAWY (4 XAYNGLA) pXAYRT(G), XHBOLTYLE0), XNMN, XNEAOHF , XNSOME, P8G)
TAVFGLO S aXVLITRILZ44 s XVPLNT (O, B) o XVTOTL  XNTHTACLIO) s XWOTND, ZAIRT,PAGT
BZEVAP, ZIEBUM, ZPHPD , ZRAIN) ZABUM, ZRH, ZRINT, ZRISUM, ESUN, ZTHAX, ZTHIN, P3GI
9ZHIND P8G1
#361

LOGICAL READ P8G1
PG

REAL LAY P3G
PaG]

INTEGER PMJDAY FaGt
P86y

COMMON /SUNNY/ IYEST,ISEED P:GI
PSGt

OIMENSTION XMAX(3),XMIN({3}, RAIN(2,13),PREC(S,13),AMT (0], PEGY

# WINDCT?,13), SUNT10G,13), HUM(10,{3) P3Gt
DIMENSION TRAINC20) PAGY
DIMENSION RCHECK(20) PAGE

267
268
269
470
2714
272
273
274
27s
76
2
278
279
280
284
262
283
284
245
286
287
2aa
289
290
291
292
293
294
298
296

a9y
798
299
350
301
3oz
3103
3040
30§
308
307
308
309
Mo
311
312
313
514
315
316
31y
318
119
120
L 13
322
3123
324
32§
326
327
328
329
330
331
332
133
334
338
338
331
338
339
340
34
3uz
343
344
345
346
347
348
Y49
3890
i51
352
353
54
355
111
357



[
HRITE (4,930)
NNNBD

<
READ(S,710)} RCHECK
WRITE(6,720) RCHECK
READ(S,710) RCHELK
WRITE(&,T20) RCHECK

[
READ(S,/) ISEED
WRITE(&,s) ISBED

c
READ(S, /) LAY
HRITE(6, /70 LAY

[4
READ(S, /) XAMAX,XMIN
HRITELbs /) XWAK
WRITE(S, /) XWIN

4
READC(Ss /) RAIN
HRITE(6,/) RAIN

c
READ(%,/) PREC
HRITETb,/) PREC

4
READ(S,/) AMY
RRITE(B,/) AMT

4
READ{S,/) WIND
WRITE(G, /) WIND

¢
HREAD(S,710) RCHECK
HRITE{0,720) R{HECK

c
READ(S,/) BUN
KRITE(S,/) 8UN

c
READ(Sy /) HUH
WRITE(G, /) WUH

€
READ{S,/) PHFAC
WRITE(6,/) PuFAC

[
REAG{S,sIREAD
WRITE b, /) READ

4
READ(S, /)FACTOR
HRITE(b,/) FACTOR

¢

¢ )
READ{S,710) RACHECK
HRITE(&,720) RCHECK

¢

IO PORMAT(20A4)
T20 FORMATLY F, Road)

¢
¢
IYE8Tm]
4
¢
CALL EVINIY
CALL RIENEY
4
¢
RETURN
END

SUBROUTINE PONHG

TN IITIODIIOOID

31

CALL INIVIALIZATION SECTION OF SUSROUTINES ZVAP AND RINY

SusrouTine PSWG, Vinsion H

THIS VERBION OF P3WG USED IN S=YEAR RUNSG,
WEATHER YARTAGLFS ARE READ FROM WFATHER DATA FILE,

VARTARLE DICTIONERY

DECL ANGLE CALCULATED IN PHOTCPERIOC CALCULATION,

“CECeCreceeeccececeteeteLoCCececececceeccelcectcteeeeceeececceccececede

4
4
4
4
[
€

P61
PSGY
PEG1
PEG1
PEGY
P80
2861
PEGL
PBGL
PSGY
PG
P4G
PaG1
P3G
P8GY
PAG1
PaG1
P56
P86
P36
PaGI
PBGE
PEGL
PG
P61
P3G
PBGS
PEG}
PaGY
PG
P8GY
PBGY
r8GY
paGY
PEGT
pabg
P8GY
2861
PaG)
7361
PaG1
PaG)
PAG1
PEG1
PREL
PEGL
Pat!
P8G1
P361
PaGL
PEG1
CETT
POGE
P86
P81
P8SS
PaGy
PBGY
P86
P86
P86
PEGL
P86
PSGL
P5G1
P361

F: 1k
PEGE
r5G2
P3G2
P8GR2
PSGE
PRGZ
PYGA
p552
2352
P8G2
PaGc2
P62
page
P3G

ise
359
160
358!
362
363
IpG
3165
66
367
168
169
370
371
ir2
373
374
37§
376
377
ire
379
380
b 1:31
g2
383
384
368
38s
387
388
389
%90
394
p1F]
363
394
198
ELT:]
397
bes
399
400
[1:33
4pa
403
404
4945
406
497
408
409
(3 1]
611
412
(3%}
434
41%
416
437
638
419
420
4el
4gz
4as

001
002
003
004
00%
008
007
008
009
610
01l
012
013
oi4
615

Modeling



Lommen and Marshall 32

£ EVAP SURRDUTINE WHTCH CALCULATES POTENYIAL EVAPORATIGN, C PRGZ 016
[ C PAG2 oY
£ FACTOR PRECIPEITATYON FACTOR BY WHICH FACK EVENT IS8 c PAG2 0ta
¢ MULYIRLTED, £ pEG2 O1%
4 ¢t ®3G2 020
¢ ISEED SFED PROM WHICH RNGR GENERATES NEXT RANDOM NUMBER, ¢ P52 024
[ L P3G2 022
e JOay JULTAN DATE AT BEGINNING OF FTIMESTEP, t p8G2 023
t £ PAG2 024
¢ LAt LATITUDE DF B8ITE, t p8G2 02%
4 t pAG2 026
€ NNN COUNTER 7O DETERMINE WHEN TO START PRINTING ON C P8GR 02Y
c NEYT BAGE, ¢ PSG2 028
e t p862 029
€ PMDY TIMESYER LENGTH. 0AYS, ¢ POGZ 030
& € pP8G2 0%
&t PRECI® BRECIPITATION FOR CURRENT DAY, MM, € PBGR2 032
4 £ PEG2 0313
e PMJDAY JULIAN PATE AT BEGIMNING OF TIMESTEP, VALUE & PSGE2 0%
4 DETYERMINED TN MATH PROGRAM, t o562 0318
e £ RrYGR2 036
e PUFAC FALTOR FOR ABJUGTING AVERAGE WEIND SPEED IF SITE IS c P8G2 037
¢ KNOWN 70 HAVE DIFFERENT AVERAGE WEIND SPFHD, £ PSG2 038
e ¢ p3G2 039
£ REMEEK(20) VARIABLE USED 70O RFAD AND WRITE COMMENTS TN WIYH e PUG2 040
[ TNTTIAL DATS, £ p8G2 04f
¢ t P8GR 0642
€ RINT SUBROUTINE WHIEH CALCULATES PRECIPITATION INTENSITY., € PSG2 043
[ ¢ P8SG2 0%L
€ §HUM RUNNING 8174 OF UP YD PHDY DAVE! RELATIVE HUMIDITY, £ PSG2 04%
¢ € PBG2 046
€ SHAY RUNNING 8UM OF UP TH PHDT DAYRY HAYIMIM TEMPERAYURES, ¢ P8G2 047
e OFEGREES CELEIUS, £ PBG2 048
e ¢ p8G2 849
£ 8HIN RUNNING SUx OF UP TO PHDY DAvE! MINIMUM PEMPERATURES, ( PSG2 050
¢ OEGRERS CELCIUS. £ p8G2 0%1
¢ € p8G2 0%7
t 8PREC RUNNING BUM OF UP Y0 PHMDT DAYS! PRECTIPITATIONEVENTS MM, C PBG2 053
t C paG2 0%
¢ BBUN RUWKING SUM 6F UP YO PMDY DaYS' PER CENT POBSISLE t p8GE2 059
¢ SUNL IOKT ¢ pOGR 056
e . . £ BBG2 087
2 BHIND RUNNING BUH OF UP F0 PMDT DAYS! AVERAGE WIND SPEEDS, ¢ PAG2 038
e KM /HR ¢ PAG2 0%¢
‘ t P8GZ 040
¢ TMAY MAXTHUM TEMPERATURE POR CURRENY DAY, DEGREES CELCIUB, € P8G2 06
e € P8G2 082
& THIN MINIMUM TEHPERATURE FOR CURRENY DAY, DEOREES CFLEIUR, € P3G2 043
4 C P8G2Z 064
£ TRATHCZO)  ARRAY wHICH HOLDB DALY PRECIP VALUZS FOR TIHEBTEP C PAGR 045
¢ (UBED BY RAYN INTENSIYY ROUTINEY, t paG2 044
e € P8G2 0bY
€ ZAIRTY AYERABE DAILY AIR FEMPERAYURE POR TIMESYEP, DEGREES € PAGY 048
[ CELOTUS. DRIVING VARTABLE USED aY OTHER SUBMODELS. £ P8GR D&%
€ ¢ P8G2 oYe
¢ ZEBUM 8UK FROM OCTORER t OF ZEVAR, MM, £ BBG2 074
¢ c P8G2 072
e FEVAR POYENTIAL EVAPORATION, MM/TIMEATER, £ P3G2 073
e DRIVING VARTARBLE USKEB BY OTHER BURHODELS, € »862 0T4
£ C PEG2 0TS
e ZpHPD PHOTOPERIND DF FIRBT DAY IN TIHMESYTER., WOURA, DORIVING € PSSZ 0Té
[ VARIABLE USED @y OTHER SUBHODELS, t p8G2 OV?
e C P8G2 OTA
€ ZRAIN TOTAL PRECIPIYATION POR TIMESTEP, MM, ODRIVING VARIABLEC P3G2 079
€ UBED BY OTHMER SUBMODELS, £t 862 080
[ C e8GR OAY
€ ZRH SYERAGE DATLY RELATIVE MUMIDITY, DECIMAL FRACTION FROM € p852 0A2
e teli, DRIVING VARIABLE UBED Bv OTHER BUBMODELS, € PSG2 OA3
e . C PIG2 0A4
& ZRINY PRECIPITATION INTENSIYY, MM/M#, DRIVING vARTABLE UBED € PSG2 08%
¢ Ay OTHER SURAMODELS. t P382 OR%
[ £ P8G2 OAT
t  IRSUM SUM PROM QETOBER 1 OF ZRAIN, MM, C oSG2 088
4 c P3C2 089
e FBUN AVERAGE DAYLY PER CENT POSAISLE SUNLIGHY FOR TIMESTER, € PSG2 090
[ OEETMAL FRACTION FROM Gul, DRIVING VARIABLE USED C p863 0%
e BY OTHER SUBHODELS, t paGZ 092
e € P8G2 093
€ 2TMAX AVERAGE DAILY MAXIMUM TEMPERATURE FOR TIMEBYEP, £ es62 094
¢ DEGREES CELETUS, DRIVING VARIABLE USED Ay OTHER £ paG2 09%
t SUBMODELE, £ m8G2 096
t € paG2 097
£ ZYMIN AVERAGE DAILY MINTIMUM FPEMPERATURE FOR TIMEBYEP, t ASGZ 094
e DEGREES CELCIUS,  ORIVING VARTABLE UBED BY OYHER C P8G2 099
e SUBMODELS, t ®8G2 190
4 . £ P852 101
t ZWIND AVERAGE DALLY WIND SPEED FOR TIMESTEP,  DRIVING t P3G2 102
& VAR TABLE USED 8y OTHER SUBMODELS, £ p&G2 t03
e c P8G2 104
CLCECCCCCCECECEeECeCeECCeLaCCELCECECaCeLeeenCeeCCOCECCERLRCRLLLLELLLE PAG2 108
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SMAXHD
SMENus
SPRELED,
SWINDEO,
SS|Ne0
RHiMED |
JOAYRPMIDATYT
MOAYRJDAY
sAIN LOoOp
0O ¥ Imi,pupY
READ TODAY!R Q4T4
READ(A, 30, EN0R500)THAX, THIN,PRECIP, WIND, PP, RH
30 FORMAT(10%,3FS,0,F5,2,F%.1,2F6, 23
corasot
500 CONTINLE
sTOP
S08 CONTYNYE
CONVERY TH METRI{ UNITS
TFHRS FROM F 70 O
TMAXE (YMAXnS2 Y20 ,555555
THIN®R{THINaIP Y40, 555555
PRECIP FAOM TNCKES YO MM
PRECTPRPRECTIP 2% §
ARERAGE WIND SPEEDR FROM MILES / HR TD KM/HR
WINCRWIND*] ,608%0
CHECK IF VALUES ARE SENSTRLE
TFLTHIN,GT, THAXIGOTOLD
TROOTMAY,GY 42,3 ,0R, (THIN,LY, =03, 3607040
TFO(PRECT®.GT, 40,).0R, (PRECIP, LY.0.03)80Y040
TFE(wIND, GT.460,), Oﬂ (Winn, LT.0.03360T060
TF((PPS,GY.1,0),0R, (PPY, LY, 0,0))60T060
TFO(RR LE 1, 00) AND, (RN GF,0,0)160TDSD
IF WE RFLCM HFERF SOMEYHING I8 WRONG, WRIYE OFFENDING CARD AND 8TOP,
40 WRITF (&, S50)TMAXY TMIN,PAECIP , WIND,PPY,RH,PHINAT
S0 FORMAT(! !, 7F106,3)
LTnD
b0 COMTTNIIF
SMAYRGH AN THAY
EMTNmAMTI NG THTY
SPRECRAPREM +PHECTD
AWTNDRAUTNDFWIND
S REAGN Py
AHIMSSHUMS R
LOAD YRATN FOR USF TN SUBROUTINE RINT
TRATHN(T}mPRECTR
T CONMTINIE
ENG HATN LOOP
YE1,/PMDYT
ITHAXRSHAXwY
ITMIMNEREMT yrY
IWINDBAWTIND Y
HERE 18 & FACTOR FOR ADJUSYING AVERAGE WIND SPEFH fF SITE 18 KWNOKN TO
BY DIFFERENT FROM WMEASURING STATION
THIND = ZWIND # PWFal
TSUNBSSUNWY
TRMBSHUIMaY
YRAINWSPREL
ZAIRYM(ZYMAYSTITMINY /2,
THIS I8 WILKIN'E PHOTOPERIOD CALCULATION
DECLAARSINISINGG, 20831853423 45/3480,) v
C Cog(HaB{{PNIDAT+IOY, );3@5 Y4h, ?831853/365 33
Xac\tNtLAT-a 2835313/190 JaTAN(DFCLY+BINL 87526, 2631855/360,))
C COBCLATS, 3331653/3sn }
IF (X ,GY, IR CT
TF (X LT, -1.! ¥o=i,
IPHPRmLZ, + _13BIINTAASIN(Y Y360, /6, 2831853

33

PSG2
2362
832
P3G
p3G2
2862
PaG2
5362
PG
PBGZ
2362
P8G2
PG
p3G2
p3G2
PAG2
2862
s3G2
P3C2
PSG2
Pga2
PGy
P8GR
©852
(X1
peG?
p3G2
e362
PaG2
PEG2
pIG2
P3GZ
raG2
P8G2
0862
2962
#8G2
2862
P3G2
PEGZ
0862
PaG2
I
P5G2
2852
bag?
paGy
PAG2Z
2562
P362
p3g2
2862
rag2
0862
2862
8862
PRG2
P8G2
p362
p8G2
P8G2
PS4
2362
paGe?
2862
P82
paG2
Pag2
2862
2862

BEG2

P8G2
P8GR
paga
P3Ge
pPaG2
PaG2
PaG2
P8GR
4374
P3G2
®3G2
PaG2E
P3G
Pa8G2
pag?
PaG2
e8G2
p5G2
r8G2

106
167
108
10%
11n
111
112
113
its
1i%
1i6
117
118
119
120
121
122
123
HEL
12%
126
127
iRd
ire
130
1%
138
1%%
158
13§
136
187
138
13%¢
146
141
142
143
144
1a%
(a6
147
tas
169
180

152
153
154
155
156
159
158
{59
180
13
tha
t63%
1464
165
ihd
147
168
169
170
171
172
173
174
175
ite
177
t74
tva
L&D
LR
1A2
183
184
ins
186
{AT
188
1A%
190
191
192
193
194
19%
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DETERMINE IRINT PsG2
cALL RINTZPRINT, TRAIN, ZRAIN, PHMBT, PMJDAY, ISEED? page
Pag2

DETERMINE ZEVAP PRG2
tiLl Evam P8G2
peG2

PaG2

PaG2

PEG2

HEREIS THE RAINFALL MODIFICATION P&GR
ZRATNESACTOR«BPREL P8GR
PagGa

B8G2

P8G2

SUMMING SECTION PAGE
DO FOLLOWING SUHMS FROM DCTCBER § & « WATER yEAR PaG2
IF{PMINAT LY 27036070900 R8G2
1F(ABG(PHIDAT=2T0) GF, PMDY) GO YO 900 51
7RUMEO .0 PSG2
IERiVED, O pSG2
900 YRSYMMZRSUM+ZRAIN PaG2
IESUMBRYESUN4ZEVAR PaG2
tRENNN LY, S8) 5D TO %10 e48G2
WRITF(4,9580) PaG2
NNNmO p8G2
10 WRITE (U, 9U0)IPHMIDAT, ZYMAXN ) IYHIN ZRH, IPHED, ZRATN, ZRINT, ZRSUK, Z8UN  P8G2
,IEVAP , 2EQUN, ZWIND P852
NNNENKHN+ P8Ga
930 FOAMATLILT, 1PMJIDAT ITMAX ITHIN IRH IFHPD IRAIPSG2
N IREINT IRgLM I8UN TEVAP TESUM ININPAGR
wht, /3 N B PaG2
Q40 FORMAT(! b, 4X, TX, 204N, F6,2),%%, FU, 2, 305X, FS,.2}), PsG2
v 28, FY,2), S¥, FS5,2, %X, FY.2, %Y, F%.2) P8G2
#5862

r8G2

RETURN P8G2

L 1-F]

ENTRY ZINIT P8G2
g2

PSG2

COMMON TI™E,T8TART,TEND, DT, DTPR,DTEL, y ) pag2
{CAMR(L,BY , CADEST 6, 8%, CADETH, CAUNRT, LODLCL2,8),CH0L10),CHDX(10Y, PBG2
AEHDXX(10) , ENFIY, ENSDF, ENANS, CNBOMF ENSOMS , ENSUP, EVDETHLL2,8), P&G2

ICVLTFRUEL LAY CVPHEN(6,8),CYPHEC(HY, CYRDIT(8,10),CVTSPR{6,8),CYVEOV,PSG2
UCRINF  LCWPST(L0),0M0Y, PHOTR ,RUOTPR, PMEGPS, PMIDAT, PN, PHNCOH , BANER, PEGD
SPWKIOYaXhACA), XAAVHY (2, 8) , XAMWTCUI XAFTI (U XAFWY (43, XANUMRLQ,8),P862
GUABALGY) ) XARAWNY L) NAYNG(U) , XAYNT (D), XHAOLTE10) , XNMN, XNSONMF , XNSOMS, PEG2
TXVFGLE, 8, XVLIPRILA, 0), XVPLNT (b, B), XVYOTL , XWTHTALIO), XWATND , 2ATRHY,PEG2

BFEVAP, ZESUM, TPHPD, YRAIN, YASUM, ZRH, ZRINT , ZRTSUM, 78N, ZTHAY, JTHIN, P8G2
e2WIND pAGR
rAG2

REAL LT PAG2
PBG2

COMMON /BUNNY/ IYEAT,INEED PagG2
p8G2

DIMENSION TRAIN(20) »86G2
BIMENSTON RCHECK (20) P82
PaG2

#8G2

WRITE(U,930) PSOR
NNNRD 4.1:14
PRG2

P8G2

READ(S, 710} RLHECK rAG2
WRITF(&,720) RCKECK PaG2
»g52

REAOD(S, /) TBEED »B52
WRITE(6./) ISFED PG
P8G2

READ{E, /) LT PAG2
WRITE(6:/) LAT PAG2
P8G2

READ(S, /) PwFal Pas2
WRITE (& /) PWEAC PaG2
[T]T

READ(S, /)FACTOR »3G2
WRITE(&,/) FACYOR rag2
PaG2

READ(S,710) RCHEEK PEOR
WRITEL(&,720) RCHELK PBG2
PBEG2

Y10 FORMAT(20A4) PRG2
720 FORMAY() 1, 2044) PaG2
PAG2

CALL TNTTTALIZATION AECYIONS OF EvaP AND RINT rPaG2
CalL EVINIT 41T
CALL RTTNIY P8GR
REG2

P8G2

RETURN peG2

L] PAG2

196
197
198
199
200
201

202
203
204
208
206
207
208
209
214
211

242
213
214
218
26
217
218
219
220
221
222
223
224
22%
226
237
228
229
230
21y
2%z
2%
2%
235

236
237
238
239
200
241
242
243
244
248
Réb
2467
QU8
249
250
251
2%2
2%3
254
255
256
a5y
258
259
260
261
2562
263
264
2658
266
267
26e
269
270
271
272
273
274
27%
2746
277
Fid ]
279
280
281
282
283
ELL]
285
286
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SusrouTine EVAP
SUBROQUTINE EVAP EVAP
C EVAP
< EVAP
£ EVAP CALCULATES POTENTIAL EVAPORAYION FROM SGIL BURFACE DURING EVAP
£ TIMESTEP, IN HM, EVap
C THIS VERSION OF EvAP USBES BLANEY CRIDOLE METHOD, EVAP
€ IT CLOSELY FOLLOWS CALCULATION DONE BY GRIFFIN AND HANKS IN THEIR EVAP
¢ D.B, RESEARCH MEMORANDUM, EVAP
4 EVAP
C EVAP
CCCCCCCCCCCCCCCLELCCECCCOCCCLCLLCCECCCLLCECECCCCCCCCCOOOCCCOCECECCOOOCt EVAR
c € EVAP
4 VARTABLE DICTIONARY FOR EVAP C Evap
C ¢ EVAP
c € EVAP
C Ay 8y €y Z TEMPORARY VARTABLES USED IN DAYLIGHY CALCULATION, £ EVAP
c g Evap
t ARRAY(S,2) PAIRS Of DATA POINTS FOR INTERFOLATION 8Y FI IN C Evap
c CALCULATING BLANEY CRIDDLE FACTOR, ¢ EVaP
c C EVAP
C CcvvCoy FRACTION OF 80IiL SURFALE COVERED BY ANNUAL AND ¢ Evap
[ PERENNIAL, vEGEYATION, ¢ EvAP
¢ £ Evap
C OALITE(3BS) ARRAY INOEXED BY JULIAN DATE . GIVES NUMBER OF ¢ EVap
g MINUTES OF DAYLIGHT QN THAT JULIAN DAYE, C EVaAP
¢ Evap
C OLTFR(365) ARRAY INDEXED BY JULIAN DATE AND I8 FRACTION OF YEARIS ¢ Evap
c DAYLIGHY WHICH FALLS ON THAT JULIAN CATE, ¢ EVaP
C C Evap
[ FUNCTION WHIEH LINEARLY INTERPOLATES BETWEEN PAIRS OF C Evap
c DAYTA POINTS YO DETERHMINE DEPENDENY VARIABLE, ¢ EVAP
c C EVAP
C LAt LATITUCE OF SIYE, DEGREES, C Evap
c G EVAP
C MM FLAG USED ONLY IN CASE PMJDAT 18 EVER ZERO, t Evap
[ C EVAP
C NPTS NUMBER OF PAIRS OF OQAT4 POINTS ALTUALLY USED IN ARRAY, ( EVAF
[ ¢ EvaAR
[ v R4 LENGTH OF TIMESTER, DAYS, C Evap
[ C EVAP
C #uJDAT JULTAN DATE OF FIRST DAY OF TIMENTER, C EVaP
4 C EVAP
C RCHECK(Z20) ARRAY USED T0 READ AND WRITE COMMENTS IN WITH C EVAR
c INITIAL CATaA, C EVAP
C € EVAP
L TOTMIN MINUTES OF DAYLIGHY 1IN YEAR, £ EVAP
4 ¢ EVaP
C  ZAIRY AVERAGE TIMESTER AR TEMPERATURE, DEGREES CELCIUS, ¢ Evap
c L EvVap
C ZEVAP POTENTIAL EVAPQRATION FOR TIMESTEP, MM, ODRIVING L EvapP
[ YAHTABLE USED BY OTHER SUBMODELS, ¢ Evap
c C Evap
gcccccccccccccccccccccc:cc:cccccccccccccccccccccccccccccccccccccccccccc EVAP
EVAP
4 EVAP
LEVAPRF I (ZATRT, ARRAYL, NPTS) Evap
IF{PMJIDAT 57, 0) GO 10 670 EVAP
PMIDATE] Evap
MER] EVAP
BT0 CONTINUE EVAP
C I¥ ZAIRT IN NEXT EQUATION LOOKS LIKE [Y!8 BEING CHANGED TO DEGREES EVAP
C F, THAT!S BECAUSE IT IS8, EVaAp
TEVAPNIEVAPR (] Bu2AlRT + 32, )eDLTFRIPMIOATYI R (Y, mCYYLOVIRRE ,4npHDY EVAP
cVveove, 0 EVAP
IF(NM LEQ, 0) GO TO &80 EVAR
PMJOATRE gvar
HRY EVaP
480 CONTINUE EVAP
c EVAR
c EVAP
RETURN EVAP
c EVAP
ENTRY EVINIT EVAPR
= EVAP
COMMDN YIME, T&YARY, YEND, DT, DTPR, OYPL, EVAP
ICAARCE,8) yCADEST(6,8) ,CADETH  CAUHBT,CODLLI2,4),CHDCI0),CHDX(10), EVAP
2CHDXX(10),CNFIX,CNBOF,CNEDE, CNSOMF ,CNSOMS, CNSUP , CVDETHE12,4), EVaAP
SCVLTFRC1I, U)o CVPHEN(S,8) ,CVPHE (6}, CVROBT (&6, 103, CVTIPR{L, B, CVVCOV,EVAP
YCWINF , CWPSIC10) ,PHDT,PHDTPL , PHDTPR,PREGPS  PHJDAT, #HN, PHNCOK, PHNSP  EVAP
SPRKL10) p XAACG) ) XAAVHT (G, B, XAANTCU)  XAFTECUY  XAFNY (4], XANUMB{4,8) ,EVAP
BXASALA)  XABART (4 p XAYNG () XAYNT (L), XHBOLYCE0) s KNMN ) XNSOMF , KNSOMS, EVAP
TUVFGLO, S pXVLITROE2)4) rXVPLNT(6,8) ) XVTOTLoXNTHTA{LD) XxWEBYND, ZAIRT EVAP
BIEVAF, ZEJUM, IPHPD, JRATN, IRGUM, ZRH,, ZRINT L ZRESUM, ZQUN, ZTHAX, ZTHIN, EVAP
QIWIND EVAP
c EVAP
DIMENSION ARRAYL(%,2), DALITE(365), DLYFR(36S5) EVAP
DIMENSION RCHECK{Z0) EVAP
[ EVAP

0014
002
003
004
005
1]
007
008
009
oLe
okt
oy
013
tlé
015
01é
037
018
é1¢
gag
LI $
o2
023
Gad
oan
G246
027
o248
029
(1]
034
032
033
034
038
036
037
038
039
{1
04t
o4g
043
Q44
448
fue
(184
Gas
bu9
450
051
052
053
054
058
456
057
058
059
069
051
o062
063
(1)
06
t6b
cey
068
069
0vo0
07t
ove
o7y
[
075
076
a7
078
07e
089
081
082
83
-]
8%
[(1-1.]
G87
[11:1:]
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INTEGER PHJIDAT
REAL LAT

[Nl

READ(%,710) RCHECK
WRITE(&,T20) RLHECK

READ(S,/) LAY
WRITE(6,/) Lay
READ(S,/) ARRAY1
MAITE(L, /) ARRAY]
READ(S,/INPTS
WRITE(&, /) NPTH

710 FORMATt2044)
T20 FORMAT(' ', 2044}

[

C FROM GRIFFIN, MANKS BIOME REPORT
00 450 I=1, 34S
ARTI0,w 2TURLATH, 00TOIR( AT*22)
Ba3d, 2w, TBaL AT, fe(LATan2)
Cu]
Ze2 w3 JU16w((0+285,)/365,)

€ LENGTH GF DAY IN MINUTES
DALITE(I)aA4BerSIN{Z)
TOTMINSCALITE{IY+YOTHIN

650 CONTINUE

c
[+ FRACTION OF DAYLIGHMT FOR EACH DAY
LO 660 [mi, 365
CLYFRID)SOALITE(II/TOTHMIN
660 CONTINUE

WRITE(6,68]1) DALITE
WRITE(E,681) TUTHMIN
581 FORMAY{'! 7, 10F12,%)

C
READ(S,710) RCHECK
WRITE(6,720) RCHECK
c
RETURN
END

SuBroUTINE RINT

SUBROUTINE RINT(ZRINT, TRAIN; ZRAIN, PHDT, PMJOAT, ISEED)

o

C  AAIN INTENSITY SUBROUTINE delhd  PAUL LOMMEN

¢ RINY CALCULATES PRECIPITATION INTENSITY IN HM/HR, USED BY wATER,

c

(194 dd dudddasgsisdiddddidddddddddddtd A d A Addd A a i d ad A a A A A A A A A
|4 <
C YARIABLE DICTIONARY FOR RINY <
C c
C 4, B PARAMETERS I~ HIGH INTENSITY CALCULATION, ¢
4 C
C ARRAY(L10} HOLDB UP Y0 S PAIRS OF OATA POINTS FOR INTERPOLATION
c 8Y FUNCTION F1 IN DETERMINING NOHMAL INTENSITY, c
t c
C BA INTERMEDIAYE vaARIABLE IN HIGH INTENSITY CALCULATION, [
[ [+
[ H INTERMEDIATE vARIABLE IN HIGK INTENSITY CALCULATION, [
[+ [+
c Fi FUNCTION wHICH LINEARLY INTERPOLATES BEYWEEN WNPTS PAIRY ¢
4 OF DATA POINTS, <
L c
{ I8EED INTEGER FAOM wHiCH RANDOM NUMBERS ARE GENERATED, 4
< c
¢ N INDEX OF TIME DF YEAR, 1IN MIDDLE OF YEAR wai, c
¢ GTHER TIMES OF YEAR NB2, c
C C
t NETE NUMBER OF PAIRE OF DATA POINTS IN NORMAL INTENSITY [
[ CALCULATION, 4
c [+
C PDAYL,PDAYR BEGINNING AND ENDING JULIAN DATES OF CENTRAL 4
[ SEGMENT OF YEAR, 4
[4 <
t PMCT LENGTH OF TIMESTEP, DAYS, ¢
4 C
¢ PMJDAT JULTAN DATE OF BEGINNING OF TIMESTEPR, c
c [
t c

PTH PRECIP AMOUNT ABOVE wHICH HIGH INTENSITY CAN DECUR

EvaP
EVAP
EVAP
EVAP
EVaf
EVAP
EVAP
EVAP
EVAP
EVAP
EViP
EVAP
EVaAP
EVAP
Evag
EVAP
EVAPR
EVAPR
EVAP
EVAP
EVaAR
EVAP
EVAP
EVAP
EVaAP
EVAP
EVAP
EVAP
EVAP
EVAP
EVAP
EVAP
EVAP
EVAP
EVAR
EVAR
EVAP
EVAP
EVAP
EVaAP
EVAP
EVAP
EVaP

RINT
RINT
RINT
RINT
RINT
RINT
RINT
RINY
RINT
RINT
KINY
RINT
RINY
RINT
RINT
RINY
RINT
RINY
ARInT
RINY
RINY
HINT
RINTY
RINT
RINT
RINT
RINT
RINT
RINT
RINT
RINT
RINT
RINT
RINT
RINT
RINT
RINT

08¢
090
091
092
093
094
095
t96
097
098
099
100
101
102
103
104
105
106
107
108
109
110
111
132
143
114
11%
116
117
118
159
120
121
122
123
124
125
126
127
128
129
130
13t

001
002
003
004
005
00e
oot
oee
eoe
10
011
ei2
013
ol4
015
0ib
o0y7
ol8
o619
26
el
[FF
023
024
025
926
0e7
]
029
030
031
032
033
034
035
03k
037
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c
PAC2} COMPARED WITH R TD SEE IF KIGH INTENSITY ACTYUALLY c
: OCCURRED, [
¢
R TEMPORARY VARTABLE, SET EQUAL TO RANDOM NUMBER [
c
RCHECK{20) ARRAY USED FGR READING AND WRITING COMMENTS IN wITH c
INITIALIZATION DATA, c
C
TR TEMPORARY VARIABLE, t
[
TRAINC(20} OAILY PRECIPIYATION AMOUNYB, MM, ARRAY INDEXED BY t
DAY GF TIMESTEP [
L
X TODAY'S RAIN <
€
Y TCOAY'S PRECIPITATION INTENSITY , MM/HR, c
[
Y8UK SUM OVER TIMEAYEP OF OAILY PRELIP INYENSITY YIMES [
PRECI® ANOUNT, c
t
IRAIN TIMESTEP PRECIPTAYION,MM, DRIVING VARIABLE USBED BY 4
WATER SUBMOBEL ., c
1
IRINT RAIN INTENSITY, MM/HR, ODRIVING VARIABLE USED BY t
WATER SUBMODEL, ¢
c
ceeeecooeLoceecccceLeccececcccececegoeeeceeceLoececceccececcecceceecccce

YusEDd , 0

Do 550 I=1,PMDY

X I8 T0DAY'S PRECIP
¥ 15 TOCAY'S PRECIP INTENSITY

po

1¥
500

XnTRAIN(T)

ME HAVE ANY RAIN TOODAYZ
IF (% 4GT, 1,E«5) GO tC 100

GG T0 S5%0

X LARGE ENQUGH ALLGOwW FOR HIGH INTENSITIES
IF(X 4LT, PTH) GO TO S00

WILL NEED & RANDOM WUMBER TO DETERMINE ]F WE HAVE HIGH INTENSITY

RWRANDOM{TSEED)

CIVIDE YEAR INTO TwO BEGMENTS, ALLOWING DIFFERENT HIGH INTENBITY
PROBABILITIES IN EACK

IN

CENTRAL SEGMENT NE}
LT
IF((PMJIDAT LGE, PDAYL) ,aND, (PHMJIDAT ,LE, PDAYZ)) Nwy

N NOw TELLS US wHICH SEGMENT OF YEAR WEIRE IN

IF(R GT, PA(N)) GO TO SO0

GEMERATE NEw (8EMI) RANDOM NUMBER

15y

RmR/PAINY

TREBA®({],wR)
IF(TR (LE, §.Ex§0} TR®],Ew]0

YouB{XALOG{TR)

LIMIT ¥ TO AN INLH AN HOUR

IFC(Y 6T, 2%,) Yea2s,
60 T0 520

NORMAL INTENBITY CALCULATION

500

YRFL1(FMJDAT, ARRAY, NPTSH)

S20 YSuUMEXwY ¢ YBUM

550

580

CONTINUE

IF (2RAIN ,LE, 1,E=6) GO TO 570

ZRINT m YGUM/ZRAIN

GO TG 580

IRAINRO,0

IRINTRO, 0

IFCCZRINT#2g ,#PHDT) LT, ZRAIN) ZRINTSZRAIN/(Q4,*PMDT)

RETURN

RINT
RINT
RINT
RINT
RInT
RINY
RINT
RINT
RINT
RINY
RINY
RINT
RINT
AINY
RINT
RINT
RINT
RINT
RINT
RINT
RINT
RINT
RINT
RINT
RINT
RINT
RINY
RINT
RINT
RINT
RINT
RINT
RINT
RINT
RINT
RINT
RINT
RINT
RINT
RINY
RINT
RINT
AINT
RINT
RINY
RINY
RINTY
RINT
RINT
RINT
RINT
RINY
KINT
AINT
RINT
RINT
RINT
RINT
RINT
RINT
RINT
RINT
RINY
RINT
RINT
RINT
RINY
RINT
RINT
RINT
RINT
RINT
RINY
RINT
RINT
RINT
RINT
RINT
RINT
RINT
FINY
RINTY
RINT
RINT
RINT
RINT
RINT
HINT
RINT
RINT

[31:]
039
040
0d3
042
043
cau
045
s
a4t
0a8
Gu9
050
051
052
253
054
0535
ohé
087
058
059
[1.14]
(T3]
V-Y4
063
064
065
066
et
068
669
0rTo
071
arad
073
074
07s
ate
or?
078
ove
080
081
082
083
084
08%
08b
08y
088
[ 3]
%o
0%l
0%2
493
0%4
098
0%
09T
098
099
100
01
102
103
104
505
106
107
108
109
110
114
112
113
114
113
118
117
118
119
§20
1él
182
123
j24
§25
t2é
127
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iaNe]

&£00
6190
629
630

Q04
002

38

ENTRY RIINITY

DIMENSION PAC2), ARRAY(10), RCHECK(20)
DIMENSION TRAINC20)

INTESGER PHDT

REAR{S,600) RCHELK
WRITE{6,610) RCHECK
HRITE(6,630)

READ(5,600) RCHECK
WRITE (b b10) RCRECK
READ(S,/) PTh

WRITE (b,562¢) PYTH
WRITE(6,630)

READ(S,600} RCHECK
WRITE{b,6103 RCHECK
READ(S,/} PDAYL, PDAY2
WRITE(6,620) PUAYS, PDAYZ2
KRITE(H,830)

READ(5,600) RGHECK
NRITECH,610) RCHECK
READ (5, /) ARRAY
WRITE{b,620) ARRAY
WRITE{S,630)

READ(S5,600) RCHECK
WRITE{6,610) ROHECK
READ(S,/) NPTS
WRITE(b,620) NPTS
WRITE{6,630)

READ(S,600) RCHMECK
WRITE(6,610) RCHECK
READ(S,/) Pa
HRITE(6,620) PA
KRITE(&,030)

READ(S,0600) RCHECK
WRITE(6,610) RCHECK
READ(S,/) A, 8
WRITE(b6,620) A, B
WRIYE(8,0630)

bAx0,01%B/A
8ing5, 4/
nRITECH, /) BA, Bl

HEAD[5,600) RCRECK
WRITElL,b10) RCKECK
WRITE{B,630)
whITECE,630)
WRITE(6,630)

FORMAT (20443
FORMaY(! ', 2040)
FORMAT(L0F12,59)
FORMAT(Y 13

RETURN
END

Fuwnction IPROB

FUNCTION IPRGB{A,N}
CIMENSION AC(1)

COMMON JSUNNY/ TYEST,I8EED
KURANGOM(ISEED)

Lo 1 Ist,N

1F (ACI) 67, X) GO TQ 2
CONTINUE

IPROH=]

REYURN

END

RINT
RINT
RINT
RINY
RENTY
RINT
RINT
RINT
RINY
RINT
RINT
RINT
RINT
RINT
RINT
RINT
RINT
RINY
RINT
RINT
RINT
RINT
RINY
RINT
RINT
RINT
RINT
RINT
RINY
RInY
RINT
RINT
RINY
RINY
RINT
RINT
RINTY
RINY
RINY
RINT
RINT
RINT
RINT
RINY
RINT
RINTY
RINY
RINT
RINT
RINT
RINT
RINT
RINTY
RINY
RINT
HINT
RINT
RINT
RINT
RINT
RINT
RINT
RINT
RINT
RINT
RINT
HINT

IPROB
IPROB
I1PROB
IPRODB
IPRDB
I1PROB
1PROB
IPROB
IPRO8
IPR08

128
12¢
150
131
132
133
134
138
136
137
138
139
149
1414
LT
143
144
145
146
$47
§us
149
150
151
152
153
154
155
156
187
158
159
160
H-H
162
163
164
§65
fbb
167
1111
169
17¢
171
172
173
174
175
178
177
178
179
180
181
182
183
184
{B%S
186
187
188
189
190
191
192
193
194
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Funerion RNOB

FURCTION RNOR(IR)

C  APPLIED BTATISTICS, UTAKM BTATE UNIVERSITY, LOGAN, UTAK 84322

3SET

OWN
DATA 1/0/

SRESET OwN

[:2N 4]

$8ET

If (1 ,GT, ¢) GO TC 30
XeZ , #RANDOM (IR w],

Yag #RANDOM{IR)=},
SHRNX LY Ry

IF (8 ,GE, 1,} GO TO 10
SRS0RT (=2, wALOG(8I/S)
RNOREX%S

OnN

GO2myYa§

SRESET OWN

030
Gae

Iny

G0 YO 4o
RNQREGDR
1=
RETURN
END

LITERATURE CITED

Grirrin, R. A., R. J. Hangs, and S, CuiLps, 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
RNOR
RNOR
RNOR
RNOR
ANGR
RNGR
HNOR
RNOR
RNOR
RMNGR
RNGR
RNDR
RNOR
ANOR
ANOR
RNGR
RNQR
RNOR
RNOR
RNOR
RNOR
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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 3{) 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:

37 a3 ar
PR PR (B-1)
where
T = the soil temperature at a given point at a given
instant of time, °C;
t = time, day;
z = depth insoil, cm;
o = soil thermal diffusivity (the ratio of thermal

conductivity, cal-em™day '-°C"1, to specific
heat, cal'em™-°C'), em?/day.

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},

CuURLEW VALLEY IMPLEMENTATION

Thermal conductivity is equal to 86.4 cal-cm™-day°C
throughout profile (Griffin et al. 1974). Specific heat, taken
from the same source, is 0.3 cal'em™°C-' throughout
profile. The set of eight soil nodes at depths of 0, 3, 10, 20,
30, 40, 50 and 60 cin was chosen with a number of factors in
mind: 1) almost all roots occur in the first 60 cm; 2) variations
occur very slowly at 60 em; 3} catiche layer depth is about 60
cm (the water submodel 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.



Lommen and Marshall 49

Table B-1, Variable dictionary for HEAT

CHO€10) NEPTH Y0 SOIL NODE. CH.

CHOX (10} THICKKESS OF LAYER ARDUND NODE, COUNTING FROM 2ND
MODEs CH.

CHDXX(1D) DTSTANCE BETHEEN ADJACENT NODES, CTHOXXCI) = CHOCI®L)
“ CHD(I}r CH.

DAGFLG TF=.YRUE, WRITE DEBUGGING INFORMATION THIS FIME STEP

OEBYGL WUMBER OF TIHE STEPS BETWEEN OEBUGGING QUTPUTS

oY =PHDTs LENGTH 0OF TIME STEPs DAY.

FIAVE(PHDT» N} FUKCTION TO AVERAGE PREYIOUS N DAYS® AIR TEMPERATURES
9Y AVERAGING APPROPRIATE NUNSER OF PREVIOUS TIME
STEP AVERAGE TEMPERATURES.

PHEVELO? SPECIFIC HEAT OF SOIL LAYER. (REMEMBER, 157 LAYER
TS CENMTERED ON 2ND NORE.) CAL £N=3 C«i

PHXL{L1 ) THERNAL CONDUCTIVITY OF SOIL BETHEEN KRODES,
TLSY VALUE IS5 FOR REGIOK GETWEEN MODES 1 AND 2)»
CAL CH=1 DAY-L C-1.

PMDY LENGTH OF TIHME STEPs DAY.

PHIDAT JULIAN DATE OF BEGINNING OF TIMESTEP.

PAN NUMBER DF SQIL WODES.

YHACLD ) THACI) IS5 YHE NEGATIVE OF THE COEFFICIENT OF

THUCE#L) IN THE ITH EQUATION I THE SET OF
CQUATIONS TO SOLYE FOR THE YHU ARRAY.

T™HECLD) THBLI) 1S THE COEFFICIENT OF THUCT) IN THE ITH
TOUATEOM IN THE SET OF EQUATYUKS F0 SOLYE FOR THE
THU ARRAY.

THCC19) THCC(I) IS YHE NEGATIVYE OF THE COEFFICIENT DF

THUCI=1) IN THE ITH EQUATION {N YHE SEY OF
CQUATIONS TO SOLVE FOR THE THU ARRAY.

THCCELZD) AN ARRAY USED TC READ AND WRITE COMMENTS.

THOC(L Y} THDCE) [S THE CONSTAMT, RIGHT MAND SIODE @F THE ITH
TOUATION IN STHE SET OF EQUATIONS YO0 SOLVE FOGR THE
THU ARRAY.

THY M INTEGER EQUAL TD THE LARGESY WHOLE NUMBER OF
TIMESTEPS IH 30 DAYS.

THMR AN REAL VARTABLE EQUAL T8 THM.

THTACLD)Y TEKPERATURE OF SOIL NOBDES AT BEGIMMING OF TIMESTEP,
DEGREES C.

THYBCL0) TEMPERATURE OF SOTL NODES AT £H0 OF TIMESTEP.
NEGREES C.

THTHAC(1Q) TEMPORARY ARRAY USEQ IN CALCULATING MATRIX
“LEMENTS IN CALL YO TRI“DIAGOMAL MATRIX SUBROUTINE.

THTH3 (L0 INOTHER TEMPORARILY USED ARAAY FOR CALCULATING
MATREX ELEMENTS IN CALL TQ TRI-DIAGONAL WATRIX
SUBROUTYINE .

THULC 10 THIS ARRAY CONTAINS THE TEMPERATURES OF THE INNER

MODES €2 THROUGH PHN~1) AT THE END OF PMDT. THESE
TEMPERAFURES ARE THE SOLUTIONS OBTAINED 8Y THE
TRI“DTAGONAL MATRIX SUBROUTINE.

TIRE TIME AT STYART OF TIMESTEP. EQUALS TSTART PLUS
(HUMBER OF TIHESTEPSY « PNpT

TSTARY JULIAN DATE OF BEGINNING OF SEMULATION

XHSOLTC10) AWERAGE TEWMPERATURE OF SOTL NODE DURING PHMDT.
NEGREES Ca

ZAIRT AVERAGE AIR TEMPERATURE FOR PRESENT TIMESTEP,

NETERNIKED 8Y PSWGs DEGREES C.

IHAIRT (3L} HOLDS YHM PRESENY AND PASY TIHE STEP AYERAGE AIR
TERPERATURES . THATRY (1) HOLDS PRESENT TIME STEP
TE NP, IHATRY (2} HOLDS PREVIOUS TIHE SYEP TEMPs ETC.
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17 THIBCLY = ZALAT

MTHM=THMe1

18 ZHATRYCHTHM Y2 PHAIRT CNTHN~1}
NYHM=NTHH=~L
IFCHTHM 6E. ?) GO TO 18
ZHAIRTCE)=ZALIRY

THTA(PHN)I=FTAVEC(PHDT,»30}

Modeling

HEAT §95
Assume surface temperature equals average air tempera-
ture for time-step.

HEAT 200
HEAT 201
HEAT 202
HEAY 203
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 (1).

HEAT 208
Set the temperature of the bottom node equal to the
average temperature of the previous 30 days. Accomplish
this using function FTAVE.

28 00 30 I= 1» PHMN-Z HEAT 223
30 THOCI) = THTACI) = YHYHACT) » YHTA(I¢1) « HERT 224
*  {(THYHBCI) = THTHACTI) = THTHACI+#1)} ) & THTACT#2) » THTHALLe1) HEAT 225
THOCL} = THDCY) + THTBLL) » YHTHALL) HEAT 228
THOCPHN=22 = THDCPHN=2) ¢ THYBCPHN] « THTHA(PHN=1) HEAT 229

CALL TDMCTHA» THBs THC, THDs THU» PHN=2)

DO 32 IxlePHN=~2
32 THTIBCTI®1) = THUCL)

DO 34 I=1.PHN
346 XHSOLTCID) = (THTACI) ¢ THIBC(I)) / 2.

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

HEAT 239

TDM is the subroutine which solves PMN—2 equations

for PMN~—2 unknowns (temperatures at nodes £ through
PMN--1}. The equations are of the form:

v

- U, + B, U, — 4 n.
Y4

i1 i1 AT
The s (or THUs} are the temperatures determined by

TDM and returned to HEAT. For more information see the
detailed program deseription of subroutine TDM.

HEAY 246
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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160

ENTRY HINIY

READLS, BOITHCEC
WRITECE-B12}
HRITE(E,82)THECC

READCS2 80 ITHCRC
HRITECG»82)THOCC
READCSs 7 ILHD
WRITECH#34)CHN

READ(S. 80 ITHCEC
WRITE(6282)THTCC

DO 110 I=1.PHH=-1
CHEXXCT y=CHOC T+ 1 )=CHOLCI)

TH¥=30. / PHDT

D0 140 I=1,PHN-]

THIHACI )=PHKCYY / CHOXXCI)

THTHBCI Y= 2. #PHC YL D »CHOXCE) / PHDT

DO 160 I=21,PHH=2

THACLY = THTHA I+L)

THBCI) = THTHICT) + YHTHACL) + THTHA(Xe3)
THC(EI=THTHACT)

THACPHN=2 )20

THCCIY = D.

44

HEAT 274
Hear 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
HEAF 282
HEAY 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 285
HEAY 286
HEAT 287
HEAY 288

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 3i7
HEAY 318

Finailly, a comment is read and written, which says
END READING ENITIAL VALUES FOR HEAT.

HEAT 328
HEAT 329

This array is simply the distances between adjacent soil
nodes.

HEAT 338
THM is an integer equal to the largest whole number of
time-steps in 30 days.

HEAT 342
HEAT 343
HEAT 344
HEAT 347
HEAT 348
HEAY 349
HEAT 350
HEAY 351
HEAY 352

These caleulations 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,”
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COMPLETE PROGRAM LISTING

SUARTUTIHE HENY

SOYL HEAT PROFILT SUBHODEL OF DESERT BIOME WATER RESPONSE HUDEL

BARCH 1976.

HRIYTEN BY2 PAUL Wo LORMEW
ECOLOGY CENTER. UMC 52
UTAH STATE UHEVERSLTY
LOGAKs UTAH » 86322

HEAY
HEAT
HEAY
HEAY
ME AT
HEAY
HE AT
HE AT
HEAT
HEAT
HERY
HEAT
HEAT

CY VY VY VI Y TV N WYY Y VY VTRV UV Y VY YV Y VY VYV YV IV YV YVY OV VYV HERY
CYVUVI Y ST YV Y I VoV Y VYUV VYV VY YV VYV U WOV YUV YV TV VYUY VYUY HE AT

C

e e ke N e Kx ks K R s s s R e Rt e B R s A L R R A v R A K R s L R e s R N xR e R Rk R N N X e R Ny e s e Ny Ny e N Nu N Ne e Ry N e Ny e No N N R X o Ny ]

YARTABLE DICTIGHARY FOR HEAT

CHC10)

CHDXC10)

CHOXX{10)

0BG FLG

DEBUGI

0T

FYAVE(PHDT, H)

PHCV{10)

PHX {1 3)

PHDT

PHIDAT

PH¥%

THACL))

THBCLO)

THCL10)

THECL (20)

THD(1d)

TH™

THHR

THYACLD)

THTE(10)

THTHACIO)

THTHAI(10)

THUL(L Q)

NMEPTH TO SCIL NOBE. CHe

THICKNESS OF LAVER AROUND NODEr COUNYING FROW 2HD
HODEs» CH.

MISTANCE BETWEEN ACSACENTY HODES. CHDXXCEY} = CHOC(R¢L}
= CHO(I}» CH.

TFaJTRUE. WRIVE DEBUGGING YTHFORWATEON THES YIME SYEP
NUHBER OF TIME STEPS BETHEEN DEBUGGING OUTPUTYS
=PHDT» LENGTH OF TIME STYEP, DAY.

HEAY
HEAY
HEAT
HEAT
HEAY
HEAT
WEAT
HEAY
HERT
HEAT
HEAT
HEAT
HEA¥
HEAT
HEAT
HEAY
HEAY
HEAT

FUNCTION TO AVERAGE PREVIGQUS M DAYS< AIR TEHPERAVURESHEAY

Y AVERAGING APPROPRIAVE MUMBER OF PREVIOQUS TIME
STEP AVERAGE TEMPERATURES.

SPECIFIC HEAT OF SOQEL LAYER. (REMEHBER. 57 LAVER
15 CENTERED OW 2ND NGDE.) CAL CH~3 C-%

THERMAL CONDUCTIVITY OF SOIL BEYHEEHN HODES.
C1S5F VALUE IS FOR REGEOQN BETHEEH HODES 1 ARD 23e
TAL CH=tf DAY=L C-1.

LENGTH OF TIWME STEPe DAY.
SILTAN DATE OF BEGINNING OF TIRESTEP.
NUMBER OF SOIL NODES.

THACL) IS THE NEGAYIVE OF YHE COEFFICIENY OF
THUCTI LY IH YHE ITH EGUATION IH VHE SEY OF
FRQUATIONS YO SOLVE FOR YHE THU ARRAY.

THBCE) &S THE COEFFICIEMT OF THUCI} IW FHE ITH
FQUATION XN YHE SET OF €QUATIOHS VO SOLYE FER THE
THU ARRAY.

THCCT ) ¥S THE NEGATIVE OF VHE COEFFICEIENY OF
THUCE=13 IH THE ITH EQUATION (W YHE SEY OF
FOUATIONS TO SOLVE FOR THE THU ARRAY.

AN ARAAY USED ¥O READ AND WRIVE COMBENYS.

THOCE) 1§ VHE CONSTANHT. RIGHNY HAND SIDE GF THE IVH
COUATION I STHE SEY OF EQUATIONS TO0 SOLYE FOR THE
THU ARRAY.

M IHTEGER EQUAL TO THE LARGESY WHOL{ NURBER oF
TIHESTEPS IN 3D DAYS.

R REARL YRRIABLE EOUAL 7O THH.

TERPERATURE OF SOXL NODES AT GEGEINNIHG OF TIHESTEP.
NEGREES C.

TEHPERATURE GF SOIL WODES AT EHD OF TIHESTEP.
NEGREES Ca

TEMPORARY ARRAY USED IN CALCULATING HATRIX
FLEMENTS IN CALL TO VRI“DIAGOHAL HATRIYX SUBROUTENE.

AROTHER YEHPORARILY USED ARRAY FOR CALCULATING
RATRIX ELEHENTS IN CALL YO TRI-DFAGONAL HATRIX
SUBROUTIRE.

FHIS ARRAY CONTAINS THE TEMPERATURES OF THE INNER
NOBES €2 THROUGH PHNE=1) AY VTHE END OF PHOV. YHESE
TEHPERATURES ARE YHE SOLUTIONS COBTAINED BY THE
TRI-DIAGONAL MATRIX SUSRGUTINE-

HEAT
HEAT
HEART
HEAY
HEAT
HEAT
HEAT
HEART
HEAT
HEAT
HEAY
HEAY
HERT
HE AT
HEAT
HERT
HEAY
HEAT
HEAY
HEAT
HE AT
HEAT
HEAT
HERY
HE AT
HEAT
HERT
HEAT
HEAY
HEAY
HEAT
HEAY
HEAT
HEAY
HEAY
HEAYT
HEAY
HEAY
HE AT
HEAY
HEAY
HEAY
HEAT
HEAT
HEAT
HEAY
HEAT
HEAT
HERT
HEAT
HEATY
HEAY
HE&T
HEAY
HEAY
HEATY

061
Q02
003
004
4035
496
Lilvkg
Gos
009
aip
1131
gLz
gL3
Bis
[ 4]
486
[FE
018
419
420
621
d22
023
024
06Z%
0ze
w2y
oza
0z9
030
031
03z
G313
434
035
036
637
a3s
239
06
063
042
043
044
0535
046
EYS
048
D49
050
051
0s%2
053
054
55
055
as7
058
@59
J60
061
062
063
064
065
066
a7
a68
el
o7 0
0Fi
arez
Q73
974
Q75
076
077
a7e
oze
480
061
082
083
084
085
ng6
Q67
688
Qay
090

Modeling
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oMo OoonOnDnaOn0n

HEAY

TiINE TIHE AT START OF TINHESTEP. EGQUALS TSTARY PLUS HEATY
(NUHBER OF YIHESTEPS) = PKOT HEAT

HEAT

TSTART SULTAR DATE OF BEGINMING OF SIMULATION HEAT
HEAT

XHSOLTL10} AVERAGE TEHPERATURE OF S0EKL MODE DURING PHMDTs HEAT
NEGREES C. HEAY

HEAT

IAIRTY SYERAGE AIR TEMPERATURE FOR PRESEMT TIHESTEP. HEAY
NETERNINED BY PSWGs DEGREES Ce HEAT

HEAY

ZHAIRTCIL) HOLDS THW PRESENY AND PAST TIME STEP AYERAGE AIR HEAY

TEMPERATURES. ZHAIRT (L) HOLDS PRESENT TIME STEP HEAT
TEHP . FHAIRTC2) HOLOS PREVIQUS TIME STEP TEMP, ETCJHEAT
HEAT
HEAT

YV Y YV Y P YV YUY YUV Y VY VY VW VY VY YUV Y CYV VY VY VYUY U VYRV VYVRHEAT
YN PNV Y VI Y VY Y U PV YV Y Y YV Y VY VTV YV Y VY VUV VT VWV VYOV VVHEAT

C

nnnnnnnnnnnnnnnnnnnnﬂnnnnnnnnnﬂnnnnnnnnnnnnnnnnnn

[z Xyl

HEAY

HEAT

. neat

BRIEF DESCRIPTION AND HAIN ASSUHPTIONS HEAT
HE AT

ONE. FOR SOIL SURFACE TEWPERATURE I°LL USE THE KEAN DAILY TEMPERATUREHEAT
OR HAVE A MEASURTD OR STMULATED TEHPERATURE READ If. T1F DESIRED AN HEAT
ENERGT BALANCE A°PROACH MIGHT BE BETTERs ALTHOUGH R, J. HANKS HEAT
THOUGHT THAT WOULD BE PRETYY HATRY AND HEWCE PROBABLY NOT HORTHNHILE HEAT
FOR US CREF. H.f. BECKHAH,» JSoMo MEIVCHELL» AND HoPo PORTERs 1973, HEAT
THER®AL HWODEL FO? PREOTCTION OF A DESEAT IGUANA®S DAILY AND SEASONAL HEAT
BEHAVIOARs YRANS. ASMEs. SERIES C 95 257-262.) HEAT
HEAT

THB, FOR THERMAL OEFFUSTIVITY I°LL ASSUHE I¥eS INDEPENDENT OF WATER  HEAT

CONTENT. BOTH HTAY CONDUCTEVITY AHD MEATY CAPACITY HAVE A DEPENDENCE HEAY
ON HATER CONTENT BUT DEFFUSIVITY. THEIR RATEO HAS ONLY A HEAK WATER HEAY
DEPENDENCE (R Jo HAMHS » PERSONAL COHHUNICAYIONS 5=24~74), HEAT
IF DESIRED KE CAN INCLUDE HAYER 45 IN Rode HANKSes D.Do AUSTIN, HEAT
AND H.T. OWDRECHYN. E971e SOIL TEHPERATURE ESYIHATION 8Y A WUMERICAL HEAY
METHDO. S01L STI. 30C. AM. PROC. 35, 665. THEY GIVE A HEAT
SIMPLE RELATIONSHMIP BETHEEN HEAT CAPACITY ANO HATER CONTENMT. HEAT
FOR HEAT CONDUCTIVITY THEY USE HETKOD OF DE YRIESs Bed.» 1963, HE AT
THERMAL PROPERTITS OF SOTLS. CHAPYTER 7 IN PHYSICS OF PLANT HEATY
EMYIRONRENT. ED. DY VAN RIJK. JOHN WILEY AND SORS» INC.» NEW YORK. HEAT

HEAT

THREE, FOR THE BNTYOM BOUHDARY CONDITEGH. I°LL SAY FOR NOW THAT THE HEAT
SOTL TEHPERAYURE AT 60 €H  E0UALS THE HEAN HONTHLY AIR TEMPERAVURE ATHEAY
2H C(MITCHELL ET ilL., ©OP. CITee AND DE WRIESe. OP. CIV.). HEATY

HEAT
THE PROGRAH IS TAXEN PRETYY RUCH FROM Rado HANKS, DoDle AUSTINe HEATY

AND W.T. DHDRECHTN. 197). SOIL TEMPERATURE ESTIHATION 8Y A HUNERICAL HEAT
HETHDO. $o0f1L SCI. S58C. AM. PROCo 358 665 HEAT
OCCASIONAL INSPERATION IS YAKEH FRORW HAHKS» Rador AND Sohe HERY

BOMERS. 1962. NUMERICAL SOLUTIGN OF THE HOISTURE FLOW EQUATVION FOR HEAT
INVILYRATION IH LAYERED SOILS. §0IL SCI. 50C. AMER. PROC. 26,530~534HEAT
THE FINAL PRODUCT IS CONCEPTUALLY ALHOST THE SAHE AS THE TENPERATURE HEAY
SECTION OF WH.h. GRIFFINe Rode HANKSs AND 5o CHILDSe L973» MODEL HEAT
FOR ESTIMATING WATER» SALT» AND TENPERATURE DISTRIBUTION IN THE SOIL HEAY

PROFILE, US/ISP NESERT SIOME PROGRAM PUBLICATION OSUs LOGAN. UTAH. HEAY
HEAT

THTS ROUTINE HUST BE CALLED AFTER THE HATER SUBABUTENE IF A THETA HEAT
DEPEHJIENCE OW DIFFUSKVITY IS TO BE INCLUDED. HEAT
THTS DEPENDENCE T35 NOY WOH INCLUDED HEAT
HEAT

FOR NOR THE TERPSRATURE OF THE WATER HOVENG GETHEEN LAVERS HE AT
IS NOT CONSIDEREN IH THE TEHPERAVURE OF THE LAVER. %0 VAPORTIZATION HEAT
OR CONDEHSATION TFFECTS ARE INCLUDED EITHER. HEAT
HEAT

HEAT

HEAT

COMNON TIKETSTART» TEND- OV DTPR-OTPL» HEAT

TCAARCE, B9 CABRST(6e8 ) CADETHe CAUHSTo CHDUE Q)0 CHOXC(LO ) o CHOXX(10D» HEAT

2CNFIXeCNSDF o CNSDSe CNSONF » CHSOHS»CHSUP - CVDETHCE2» &) pCYLTFRI1L,4)» HEAT
ICYPHENC S+ 80 2CFPHS{E ), CYRDSTE(6o20)pCYTSPR(GL B CUINFRCHPSTILLO), HEAY
LPHOTPHDTPL-PYD TPRe PHFGP 5o PHIOAToPHN ¢ PHNCORo FHHSP, HEAT
EXAACLYe XARYHT €668 XARHTLAD o XAF TS( L) w XAFNT( 4o XANUNE (420 )0 HEAT
BYASACEI o XASANTOR Do XATHGCh 1o XAYH TS 1o XHSOL TCLOYs XN H e XNSOMF ¢ XNSONS » HEAY
TXPABSe YPLBP s XPP Oho XYFG( 62 5) p XVLITR(L 22 4 Yo XVPLNT (6282 XVTOTL» HEAT
AXHTHTACLO Y s XHSYND» ZAIRT o ZEV AP, ZESUNs 2PHPD» ZRATIH, ZRSUM- ZRH- ZRINT,  HEAT
GIRISUNs ZSUR S ZTHAN»ZTHIN, ZHIND,CDDLCL 204 ) HE:;
H
CONHON/DB/DEAYGE- DEBUGZ- DEAUGS HEATY
HEAT
FT IS IN COMKON WETH FYAVE HEAT
CONNON/FTZ/ZHATRTCTL ) HEAY
HEATY
IMTEGER PHHy, THHM HEAY
HEAT
LOGICAL DBGFLS HEAY
HEAT

DIHENSION PHCYC10)e PHKC10)s THTACLO)» THTBC10)» THACIO), HEAT

991
492
093
094
095
096
997
098
099
100
101
102
103
104
105
106
ior
108
109
110
111
112
113
114
115
116
17
118
L9
120
121
122
123
124
123
126
127
128
129
139
131
132
133
134
135
135
137
118
139
149
141
142
143
144
145
145
147
148
149
150
151
152
153
154
15%
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
1
172
173
LT4
175
176
177
t73
179
183
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® THEC100s THCCLOD)» THOCLD)s THUCIDD» FTHTHACLODs THTHE(LO) HE AT

« S THCCCC20) HEAT

HEAT

¢ HEAT
CTE I L LI LR T I EE TN IT I I IR I IR E I NIT IR IEIIITI IS ENTHEAT
C INIYEALIZE TERPEFATURES HEAY
4 HEAT
C  SET TEMPERATURES AY BEGINNING OF FHIS TIMESTEP EOQUAL TO YEMPS HEATY
€ AT END OF LAST TIMESTEP. HEAY
14 DO 16 I = 1. 9MK HEAT

16 THTACIS = THTICL) HEAT

c HEAY
£ ASSUME SURFACE TTMPERATURE EQUALS AVERAGE ALR HEAY
£ TEMPEAATURE FOR YIHESTEP. HEAT
17 THIBCLY = ZAI®T HEAY

i HEAT
€ ZHAIRT IS THE ARTAY WHICH HOLDS YHE LAST 30 DAYS OF AIR TEMPS HEARY
C SHYFT TEMPS IN ZuUAIRT, LDADING PRESENT AIR TEMP TN ZHAIRT(1)} AHD HEAT
C DROPPING DLODEST TENP NON IN ZHAIRTL{THH+1) HEAY
NTHH=THR+1 HEAT

18 ZHAIRYONTHM D= PHAZATINTHH=1} HEAT
NTHN=NTHH-t i HEAY
IFENTHM .6E. 2) GO YO 18 HEATY
IHAIRTCE Y=ZALIRT HEAY

c HEAT
C TEMPERATURE AT 67 CM 1S AVERAGE AIR TEMPERATURE FOR 30 PREVIOUS DAVS.HEAT
C NOW USE AVERAGING FUNCTION YO GET TEMP AT 60 CH HEAT
THTB(PHNY=FYAYECPHDT,»30) HEAY

HEAT

C END INITIALIZATEON SECTION HEAT
CTITI L N L E B L NI NN E Y I R I T TR I CN T E I I ISR II I IITITILNIHEAT
< HEAT
c HEAT
C IF A WATER CONTENT DEPENDEKCE ON SPECIFIC HEAT AND THERHAL HEAT
€ CONDUCTIVITY IS T0 BE INCLUOED SOHEDAY IT CAM GO IN HERE HEAT
C CY WILL HAVE TO SE AN AVERAGE OVER DY HEAT
¢ FOR K WILL NEED YALUES AY BEGINNING AN END OF DV HEAY
¢ HEAY
i HEAT
CEEEEEEECEEtEEEEEEECEEECEEEEE EEEEEFECEECECEEECEEEECEEEEEEEEEEEEEEEEEEEEEHEAT
C HERE ARE VHE MAIY® EQUATIONS HEAT
t HEAT
28 00 30 I= 1, PN~ HEAT

30 THOCIY = THTATI ) ¢ THTHACI) & THTACLel) » HEAT

* (THYHBCIY = THTHACIY ~ THTHACT®L) ) ¢ THTACIe2} = THTHACIeL1) HEAT

[ HEAT
C  NOM THE YIRST AND LASY EQUATIONS WEED TOUCHING UP. HEAT
THO(L) = THOCY) o THTSCL) » THTHALE) HEAY
THOC(PHN=2) = THO(PHN=2} ¢ THTB(PHNI » THTHACPHN-1) HEAT

C HEAY
L END EJUATIGNS SECTION HEAT
CEREEE e L EEEEFEEE L EECEEEEEEEEEEEEECEEEEECEEEEEEEEEEEECEEEECECEEEEEEEEHEAT
£ HEAT
[ HEAT
¢ HEAT
CTOMTONTOMTYDHTORT ONTOHTON TONTOMTONTOXTONTOUTONTORTORTONTON TOHTORTDNTOHTDHEAT
c HEAY
C  MDW CALL TDM TO GET THOSE PWN~2 TENPERATURES HEAT
CALL TOM{THA., TH8+, THCr THDs THUs PHN=2) HEAT

c . HEAT
CYOAT ONT GRT ORTONT ORTOHTONTORT DHTOMTOHTONTONTORTORTONT DHT DM TOHTONT DN TDRYDHEAT
t HEAT
C HEAT
c HEAT
C  MOW LOAD THT® AND XHSOLT HEAT
D0 32 IwtsPHH=2 HEAT

32 THTBCI#1) = THUCI) HEAY

¢ HEAT
C XHSOLT IS THE AVERAGE TEMPERATURE OF THE MODE DURING PHDT HEAT
00 34 I=lePHN HEAT

34 XHSOLTCID) = CYHTACL) & THYSCI)) 7 2. HE AT

t HEAY
t HEAT
€ DEBUGGING HEAT
DIGFLG=.FALSE. HEAT
IFCCOERUEE o6Ta 1.E=S5) AND. CCHODCCCTYIME-TSTARY)I/ZDY)e OEBUGL))  HEAT

* «LTe 14E=53) DBGFLG=.TRYE. HE &Y
IFC.NOT. DAGFLGY GO TO 716 HEAY

610 HRITECL,680)IPNIDAY, PHE T, XHSOLT HEAT
680 FORHAT(Y H PRID AT, 15, ¢ PEOY2%p F5.%s © YHSOL T=2HEAT

" 5 10FE.2) HEAT

780 CONTINUE HEAT

£ HEAT
C HE&Y
RETURN HEAT

¢ HEAT
¢ HEAT
¢ HEAT

CrEEECEEEEEEE EECERETE EEEEEEEEECEEECEEEECEEEEEEEEEEECEECECEECEEEEEEEECECEHEAT
CEEEEEEEEFFEEEEEEEErE EEEEKEEERECECEEEEEEEEEEEEEEEFEEEEFEFECEEEECEECEEEEEHEAT
CEE R L e EECCEE EEEEEEERE CEEEECECEEEEEEEEEEEECEEEEEEECEEEEEEEEREEEEEHEAT

181
182
183
184
185
186
187
168
189
190
191
ig2
i93
198
195
£96
is?
198
199
209
201
202
20%
204
205
206
207
208
209
210
Z2il
212
213
2i4
215
2i6
217
218
219
220
221
222
223
22k
225
226
azr
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
2hé
245
246
247
248
249
250
251
252
253
254
255
256
257
258
249
269
261
262
263
264
265
266
267
268
269
2rh
F14

Modeling



Lommen and Marshali 48

CrEEEEEEEEEECEEEEEE EEEEEEEREEEEEEEEEFCECEEEEEECEECEEEFEEELECCEEECEEEEEEMERT 272

HEAT 273
ENTRY HINTT HEAT 274

c HEAT 275
C IN THIS SECTION XRE THE READING AND WRITING OF INPUT To THIS HEAT 276
€ SUARDUTEINE AND CALCULATIONS WHICH ARE TO BE DONE ONLY ONCE. HEAT 277
¢ HEAT 278
C READ AND WRITE IHPUT DATA HEAT 279
C  WARIASLE THCCC 15 FOR READENG AND WRITING COMMENTS HEAT 280
READ(S. 80T HCCC HEAT 281
HRITEC6,81) HEAT 2682
WRETECE 82 THACC HEAT 283

C HEAY 284
READLCS, 80T HCOC HEAT 28%
WRITECB»82) THECE HEAT 286
READCS, /)CHE HEAT 287
HRITEC6.34)CHR HEAT 288

¢ HEAT 289
READ(S, 80T HCTC HEAT 290
WRITECE,B2)THACC HEAT 29%
READC5» 7 JCHDX HEAT 292
MRETECS -84 )CHAX HEAT 29%

¢ . HEAT 294
READCSs BD ITHCCE HEAT 295
WRITECE82)THRCC HEAT 296
READ(Se 7 IPHEY HEAT 297
WRITECE B4 IPHAY HEAT 298

t HEAT 299
READCS5, 80 1THCTC HEAT 300
WRITEC6.BZITHACE HEAT 301
READCS. 7 IPHK HEAT 302
WRETE(G . 84} PHNY HEAT 303

¢ HEAT 304
REAQCS+B0ITHCOD HEAT 305
NRITECE.82)THOCC HEAT 306
READ€S, / IXHSOLT HEAT 307

MR LTE (6284 ) XHSOLT HEAT 308

C HEAT 309
C READ IN ZMAIRT TOR PREVIOUS 30 DAYS OF KIR TENPERATURES HEAT 310
L THESE TEMPS ARE TIME STEP AVERAGES NOT MNECESSARILY DAILY TENPS HEAT 3iL
READCS, 803THENC HEAT 312
WRITEC6,82)THECC HEAT %1%
READLS, 7 JINALRT HEAT 314
HRITECS,a4) ZHAIRY HEAT 315

c HEAT 316
READC(Se 80 3T HCAC HEAT 317
WRITE(6+82)THICC HEAT 318
WRITE(6,A1) HEAT 319

¢ HEAT 320
80 FORNATC20A4) HEAT 321

AL FORMATC///7) HEAY 322

22 FORNATC®O7,2006) HEAT 323

8% FORNATCY ¢, IAE1Z.4s/) HEAT 324

¢ HEAT 32%
c HEAT 326
L NOM DO THE DELYA-X CALCULATLIONS HEAT 327
B0 110 I=1rPAN-) HEAT 328

$10 CHOXXCI)=CHDCT#1)=CHOTT ) HEAT 329

£ END BELTA*X CALCHL AFIONS HEAT 330
¢ HEAT 331
c HEAT 332
60 120 I=1,PHN HEAT 333
THIACI)=XHSOLTC L) HEAT 33&

120 THISCTI=XHSOLTC D) HEAT 335

¢ HEAT 336
C THM IS THE CLOSEST INTEGER TO THE NO. OF TIME STEPS IN %0 DAYS HEAY 337
THK=30. 7 PHDTY HEAT 338

c HEAT 339
C SINCE NO THETA DFPENDENCE 0% CV OR K INCLUDED, THESE HEAT 340
€ CALGULATIDKS HAVT Y0 BE MADE ONLY ONCE HEAT 341
00 140 I=t,PHN-1 HEAT 342
THTHACI ¥=PHRCTY 7 CHDXXCT ) HEAT 343

140 THTHBCT =2, »PHC YCT J4CHDXCT? /7 PMOT HEAT 344

c HEAT 345
€ PHCYCPMN-1) AND CHDXCPHN=1) ARE NOT USED SO CAN JUST LOAD ZEROES IN HEAT 346
5O 160 I=1,PHN=2 HEAT 347
THACTY = THTHACT#1) HEAT 348
THECIY = THTHICI) + FHTHACT) ¢ THEHACI¢1) HEAT 349

160 THCCEI=THTHACT) HEAY 350
THALPMN=2)=0. HEAT 351
YHCCL) = 0. HEAT 352

£ END DF ECUATIONS WHICH CAN BE CALCULATED ONLY ONCE IF NO THETA HEAT 353
C DEPENDENCE 1S INTLUDED IN CV OR X HEAT 354
¢ HEAT 355
¢ HEAT 3%6
¢ HEAY 357
RETURN HEAT 358

END HEAT 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:

ar 3 3T B-1
5t 5z Cas - (B-1)
where

T = the soil temperature at a given point at a given

instant of time, °C,;

t = time, day;

z = depth in soil, cm;

o = soil thermal diffusivity (the ratio of thermal

conductivity, cal-em!-day*t°C-1, to specific
heat, cal'cm™?-°C™), cm*/day.

The difference equations are derived as follows:

for a thin layer of soil during a time interval At,

(heat in) — (heat out) = (heat stored) . (B-2)
In particular, for layer { during At,
(heat in). = — ( ¥ %%) at top of layer 7, (B-3)
where

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

(heatin); in Equation B-3 hasumnits of cal-cm™*-day™;

K = gpil thermal conductivity, cal-em™'-day"-°C™1;
T = temperature of layer1, °C;
z = depth in soil, em.

Flesh out Equation B-3,

* *
T, - T, T, T,
(heat dn), = (=K, ) 4 j———2zb gt ltmly b
i i—1/2 {( 82y 4o 8% 912 2z
(B-4}
where
T; = temperature of layer ¢ at beginning of A,

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 estends 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, ete. The bottom layer is centered on the
next to the bottom node. There are PMN nodes
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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;

T; _1 = temperature oflayeri—1 at beginning of At;
T;* = temperature of layer 1 atend of Af;
T;* .1 = temperature of layer i—1 at end of Ai;
K;__15,= conductivity in region between centers of
layers i—1 and i (i.e., between nodes { and
i+ 1)
Az;__1, = 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
1987) and is the average of the temperature gradients at the
beginning and end of At

By similar reasoning:
ar .
(heat cut), = — (K 5~} at bottom of layer €,

* 92
SRR B < B A= M 4 e
i+1/2 AziH,/?_ Az’Hl/‘Z 2

(B-5)
The heat stored in cal'em™-day™!
(Co.3{sz.) %
1 i .
iy v (R ) (B-8)
where
Cr; = specific heat of layer i, cal'lem™®-°CY;
Ax; = thickness of layer i, cm;
At = length of time-step, day.

By substituting Equations B-4, B-§ and B-6 in Equation
B-2 we get:

T rd + T* *
g (T T T v Ty
2 S22
» T+ T
N Kvizg |Town "0 YT 7
2 8% 0172
- C‘v_z., Axi % (B 7)
X o =19 )

Multiply through by two and collect T* terms on the left.
After two lines of algebra we get:
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* * &
T Ty H By Ty m A Ty = Dy (B-8)
where
o -tz (B-9)
1 Az '
i~1/f2
Biaye | Biaye | 209 b2, (B-10)
8 T Rt s, . " T4k
* i-1/2 14172
4w Sy {B-11)
v B
P ( e DR e e T
< i1 Azi—l/Z Z At Azi—ljz
Aiv1)2 Kovire
EZ:W",_ | S (B-12)
Fi41/2 K “iv1r2

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
At

77 = zarmr (B-13)

The temperature at the bottom node Tp* (there are PMN
nodes) at the end of At is set equal to the average air
temperature during the previous 30 days,

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

That is

1
5}.

(heat :Ln):L = - (K1/2) o - ( (B-14)

In Equation B-14, only T1*, the temperature of laver 1 (i.e.,
node 2) is unknown. Equations B-5 and 6 for the top
layer with i=I are unchanged. Substituting Equations
B-14, 5 and 6 in Equation B-2 now yields by the same
procedure as before:

* *
By Ty — A 1y =0 (B-15)
where
_Bup K m A (B-186)
By = %3 * iz * At
1/2 3/2
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Al = 3/2 3 (B-l'[)
%372
b= p gz | B Ky Ky,
1 & Azl/2 1 A% 'ﬁzl/?. Az3/z
X
/2 * "1/2
+ 7 + 7 . (B-18)
2 AzS/Z & Azl/Z

For the bottom layer, (heat out}gt10m contains only one
unknown temperature. After several lines of algebra we
then get (say the bottom layer is layer number M):

Cp Ty ¥ B, T = 0 (B-19)
where
X
1/2
G = 7o B-20
” Azm—-l/Z ( )
B o= Km—l/Z + Kmlfz + zcvm Mm (B-21)
m T E s B I
5= rrr-l/Z + T ch Amm_ m=1/2
2] -1 Azm—l/Z Az mel/2
m—llz m+l/2 * m+1f2
m+l/2 12 812
{B-22)
Now summarize these equations for A, B, C and D.
G
K,
£, -Eéi% for 4 =1 to My - 3,
* 14142
=0 for 4 = PMN — 2 (bottom layer), (B-23)
PO e V7 S 5 V7 S i
T8 gm Y at
for i =1 to BMN — 2, {B-24)
Ci =0 for 1 =1,
i-1/2 for i = 2 to PMN - 2, (B-235)
i—1/2



boop 12 [2001 by By Ky
I3 8 Azl/z 1 st Azl/z Az3/2
T IRV
2 Az § Az
3/2 1/2
for =1,
Co e o1 Pt Fean
21 Aziwl/'Z i At Azi—l/Z
Ky Kivige
Az, * Ti+1 bz
i+1/2 i+1/2
for 4 =2 to PMN — 3,
eV B e i W V7
e By g AT Bz, 1,
Cap |, Bap o Ran
B2y y2 Bz, Biap
for 4 = 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, C,;, 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 I's must be calculated each time-step.

Transform Equations B-23, 24, 25 and 26 into computer
code:
a. Thermal conductivity K1 /9 becomes PHK{1)
K379 becomes PHK(2)

KpMn—g+1/2  becomes

PHK(PMN—1)

b. Specific heat Cv; becomes PHCV(I) for [ =

1 toPMN—2

¢. Distance from node to

node Azy,/9 becomes CHDXX(1)

AZPMN—Q“’F 1/2 becomes

CHDXX(PMN-—1)
d. Thickness of layer Ax; becomes CHDX(I) for I
1 to PMN—2
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e, Temperatures at beginning
of time-step T; becomes THTA(I+1)
forI == 1to PMN-—2
T becomes THTA(1)
Tg becomes THTA(PMN)
f. Temperatures at end of
time-step Te* becomes THTB(1)

Tp* becomes THTB(PMN)

g. Time-step length A ¢ becomes PMDT
h. Tridiagonal matrix
elements A;, Bi C; D; become

THA(), THB(I), THC(),
THD(I) for T = 1, PMN—.

Now, if we define temporary variables THTHA(I) =
PHK(1)/CHDXX{) and THTHB(I) = 2. « PHCV(]) +
CHDX(I)/PMDT, then Equation B-23 becomes

THA(L) = THTHA{I+1) for I = 1 to PMN — 3,
=0 for T = PMN — 2,
Equation B-24 becomes
THC{I} = O for T = 1,
= THTHA{I) for T = 2 to PMN — 2,

Equation B-25 becomes

THB{1} = THTHA(I)+THTHA(T+1)+THTHB(T)

for I = 1 to PMN - 2,

Equation B-26 becomes

THD(I) = THTA(1) *THTHA(I)-FTHTA{2)} *(THTHB (3)~-THTHA{L)
—THTHA{2)} )+THTA(3) *THTBA(2)+THTB{1) *THTHA(1)
for I =1,
= THTA(L) *THTHA (L) +THTA(T+1) % (THTHB (L)~THTHA (L)
—THTHA(T+1) ) +EHTA(T4+2 ) *THTHA (T+1)
for I = 2 to PMN — 3,
= TETA(PMN—2)} #*THTHA(PMI—2) +THTA(PMI-1)
* (CTHTHB (PMN—2) —~THTHA (PMN—2 ) ~THTHA (PMN~1} )
+THTA(PMN) *THTHA (PMN—1)+THTR (PMN) *THTHA (PMN—L1)

for I = PMN — 2,

As mentioned eariier, 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
WATER SUBMODEL

In the Water Response Model, soil water potential is
needed by the plant submeodels in order te 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; ) 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 submodel
WATER. The soil water potential in soil layer i is the
solution of Equation C-1;

3 H B + H
(K ""')}*Ai-
at bz R4

----- {C-1)
Ay is the removal of water by roots in layer i (transpiration)
and is proportional to water available in laver i and relative
root amount in layer i,

The remainder of the equation is a standard diffusion
equation: H is the soil water potential in layer i, bars; K is
the soil hydraulic conductivity at layer i, cm®bar ! -day!;
C; is the specific water capacity of layer i, bar'y; 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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Figure C-1. Schematic diagram of submodel WATER,
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PROGRAM DESCRIPTION

Only the important segments of the FORTRAN code are
shown and deseribed. 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
comrnents should be made, First, volumetric water content
of the soil, a dimensionless quantity {om 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

L.AYERS NODES REGIONS
ER 1
2 1
2
3
3
20 4

[413

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. There 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.

Figure C-2. Relations between layers, nodes and regions
5 between nodes for the soil profile as used in Curlew Valley
runs. The first layer is centered on the second node, ete. Also

o 6 shown are layer width (CHDX) and node depth (CHD), both
& in centimeters. Finally, arrays indexed by layer are listed
7 under column LAYERS, ete.
7
‘ 8
CVTSPR TWHA CHDXX
CWPSI TWHB PWEK
PWWC TWTHA
TWTA TWTHB
TWTHTS

TWTSPR
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Table C-1. Variable dictionary for WATER

THD{(10)

CHOX(10?)

FTHOXX (L0
TYTSPRLIO)

TR INF

FHPST(10})
NAGFLG
REBUGL
FLGFLG
PHD§

PHN

PHOELW

PHH{GOY

PHHLRY
PRHRET

PHK{10Q)

PHKCAL

PREINCE0)

PHESUMCE0)

PRLLIN

PuM
PHRNRF
PHT(6D)

PWILI M

PHHCT10)

DM

TIHE
T5TARY
THAA
THA{1D)

THAARCLO)

LIST OF VARIABLES FOR WATER

DEPTHS, CH, OF NODES BELUW SURFACE (A NODE ES A POENF
WHERE A WATER POTENTIAL IS CALCULATED) STARTING AT SURFACE

THECKNESS OF REGION CENTERED ON NODE WHERE COUNTING
SYARTS AT FIRST NODE BELODW SURFACE AND GOES DGWN

CHOXX(T }=CHDLI+}) ~ CHDC(I)
MM OF WATER TAKEN FROM EACH LAYER DURING PMDT

NET TOf SURFACE FLUX FOR PHDT, CH, DOES
NOT ITHCEUDE FRANSPIRATION.

SOIL WATYER POTENTIAL» BARS, VALUE AT ENO OF PHDY

If=,YRUEL, MRITE DESUGGING INFORMATION ¥HIS TIME STEP
NUMBER DF TIME STEPS BET;EEN JEBUGGING ODUTPUTS

IF=.TRUE., WRITE DEBUGGING INFORHMATLION THIS ¥HDT

TIHE STEP DETERMINED IN MAINs DAYS

NUMBER OF NDDES» SAME AS NUMBER OF NODES IN HEAT.
COUNTING STARTS AT SURFACE

INCREMENT EN VHC, TYPICALLY 0,01=0.02

TABLE Of HYDRAULIC PRESSURE HEAD VERSUS THETA» B8ARS.
USING SAME THETA SCALE AND SPACING AS PHKIN

ALLOWABLE LOW PRESSYRE LIMIT FOR ANY LAYER

ALEOWABLE HIGH PRESSURE LIRET FOR ANY LAYER

HYDRAULIC CONDUCYIVITY, CHZ BAR=1 DAY=1l» PWK(I) IS
CONDUCYIVITY AVERAGES OVER THODT, IN REGION BETWEEN NODES
I AND 1+1, WHERE COUNTING STARYS AT SURFACE.

CONDUCTIVETY OF CALTCHE LAYER

TABLE OF CONDUCTIVITY YERSUS YHEYTA» {H2 BAR-1 OAY-1,
STARTING WITH VALUE AT THETA = 0.0, READ IN IN WENIT.

ARRAY USED TO CALCULATE AVERAGE K (CH=BARS)I/FOAY

LOKER LINIT OF THETA» DI MENSIONLESS
CALCULATED IN WINIT AND = SUM OF CONDUCTIVITY X DELTA H

NUSBER OF ENTRIES IN CONDUCTIV¥ITY AND PRESURE TABLES
RUNGN TO RUNDFF RATIO PER DAY

ARRAY CONTAINIMG UNEFORMLY OISTREBUTES vALUES DF TYHETA

LARGEST CHANGE IN THETA ALLOWED FOR HODES 2 TO PHMR-L

DURI¥G AMY TIME STEP TWDT. TYPICAL VALUE .Ql TD .02

HATER CAPACITY» BAR~1s OF REGIDONS SURROUNDING NODES»
COUNTING STARTS AT  FIRST NODE BELONW SURFACE

A VERY TEMPORARY VARIABLE ~ USED IN REFINED THDT ESTIMATE,
TRANSPIRATEON SECTIOGN, REDUCTEDON OF THDT IF HBELTA THETA
OO0 LARGE. AND AS RATID DF WATER IN 70 MATER STORED

AS CALCULATED TN WBAL.

A VERY TEMPORARY VARIABLE -~ USED IN REFINED THDT ESTIMNATE.
TRANSPIRATION SECTION, CONDUCTIVITY SECTEON, AND REDUCTION
OF THDT IF OE£LTA THETA TO0 LARGE.

A VERY TEMPORARY VARIAGLE ~ USED IN REFINED THOT ESTINATE,
A SUBROUTINE USED BY MATER AND HEAT TO SOLVE A SET OF
STHULYANEQUS DIFFERENCE EQUATIONS, THE LEFT HAND SIDES OF
WHICH FORM & TRI-DIAGONRAL MATRIX.

CURRENT JULIAN DATE ~ BODOKKEEPING DONE IN HAIN PROGRANW.
JULIAN DATE OF SYARY DF RUN = INITIALIZED IN HAIN PROGHAM
FRACTION OF PWODELW INTERWAL. USED IN INTERPOLATENG
PARAHETER A FOR TRI~DIAGONAL HATRIX RGUTINE (TOM ROUTINE)D

ARRAY CONTAINENG YALUES OF THTHACI) FOR I=2,PMN-1
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Table C-1, continued

TRB(1Q)
THBEC 10}

TH

THC(10?
THCCC
THD(ED)
TROT
TUDTHP{1))
TROTP

THDT R

THEVAP

THFRZN

THIT
THHACIO)
THHEC1G)
TWHHA
THI &
T™JA
THJB
THJAH
THKSA

THANE

THR

THRALN
THRP
THSF

THSFB

THSFBT

THSFC
THSFD

THSTNG

THSTRD

YHTAL1D)
THTHAACLD)
THTHACLIO}
THTHB{10)

THTHC

PARAMETER 8 FOR TDM ROUTINE

CONTAINS QAGERED VALUES OF TWAAA.

A VERY TEMPORARY VARIABLE ~ USED IN SURFACE FLUX
CALCULATEON, TRANSPIRATEON SECTIONs AND CONDUCTEVITY
SECTEION.

PARAMETER C FGR TOM ROUTIENE

USED TD READ AND WRITE COMMENTS IN INPUT DATA
PARAMETER D FOR TOM ROUTINE

ACTUAL TIME STEP WATER IS USING

CHANGE IN THETA DURING LASY THOT

LENGTH OF FAEVIOUS WATER TIME 57EP

HGLOS CURRENT VALUE OF THOT AS IT IS BEING REDUCED
BECAUSE DELYA THETA IS5 TOZ LARGE.

EVAPDRAYINE DEHANDs, MM, WATER TO E£VAPDAAYE FROM SURSACE
DURING REMAINDER OF PMDY

EQUALS JTRUE. EF SOFL PROFILE FROZEN, EQUALS
«FALSE, IF NDT FROZEN.

TEMPORARY VARIABLE USED TO SET WP PWT ARRAY.

PRESSURE HEAD AT BEGINNING OF TWDT. BARS

PRESSURE HEAD AT E£ND OF FWOT, BARS

INTERPOLATED VALUES OF Pux

EGUALS LTRUE. IF SURFACE PRESSURE IS5 WITHIN LIMITS
INTEGER USED IN PICKING VALUES OF Ks» H OFF TABLES
INTEGER USED IN PICKING YALUES OF K, W OFF TABLES
INTEGER CGUNFER USED TO LIWMIT NUMBER OF TWDT HALVINGS
INTERPOLATED VALUE OF PHKSUH

£QUALS JTRUE. IF FIRST DELTA THETA APPROXIMATION HAS
ALREADY BEEN DONE DURING CURRENT TWOT.

RAINe HH, WATER TO INFILTRATE, LEAVE STANDING OR
RUNGFF OURING REMAINDER GF PNOT.

EQUALS .TRUE. [F RAEIN DCCURS DURING TwWDT
EQUALS LTRUE. IF TWRAIN WAS TRUE LAST TWODT,
SURFACE FLUX OF WAYER OR YAPOR.CH

FLUX OF WATER HOVING INTO PROFILE DURING TWDT THROUGH
CALICHEs CH.

FLUX OF WAFER HOVING INTOD PROFILE SUALING PHOT THROUGH
CALICHE, CH.

CALCULATED SURFACE FLUX USING THHB{1)} AND PWK(1).
EQUALS THSF=THSFC

STANDING WATER, HM, AFYER RUNON-RUNOFF ASSUMPYIOGNS HAVE
BEEN CONSIDERED.

CHANGE DURING TIME STEP IN WAYER STORES [% LAYERS OF
PROFILE, CH. (SHOU.O £QUAL THHIN)

HATER AVAILAB4E TN LAYERS, DIMENSIONLESS

YOLUKETRIC WATER CONFENT AT BEGINNING OF PHDT
VOLYMETRIC WATER CONTENY (VWMT) AT BEGINNING OF FwDT
VHC AT END OF TWDT

THETA AVERAGED OVER TWOT FOR WHATEVER LAYER WE‘RE
CALCUL AYING AT THE HOMENT
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Table C-1, continued

THTR

THTHTSC1D)

THISPR(1Q)

TWITOT

THTR{6)

THULLO}

THNHACL10)
THNBC10)

THHIN

HB AL

WTERE

XHSGLT (10>

XW3TND

XKTHTA{19}

7EvaAP

PRALN

TRINT

PROPORTIONALITY CONSTANT WHICH IS5 CALEULATED TO HAKE
TRANSFIRATIGN DEMAND FROM A LAYER PROPORTIONAL TO WATER
AVAELABLE AND RELATIVE ROOT AMOUNTS EN A LAYER.

RUNNING SUM OVER THOT'S OF TRAWSPIRATIGN BY LAYER, CH

TRANSPERATION LDSS OF WATER FROX REGION SURROUNDING NODEs
CH, (TOP AND B0TTOH NODES EXCLUDED) DURENG THDTY

TOTAL TIME THAT HAS ELAPSED IN PHDT. DOES NOT INCLUDE
CURRENT THDT» DAYS

TRANSPIRATJONAL DEMAND BY FUNCTIONAL SROUP. CH

HATER POTENTIALS EN 8ARS OF SOIL LAYERS AS RETURNED
FROM SUBROUTINE TOH,

USED IN SETYING UP CALL TO TDH

USED IN SETTING UP CALL 70 7ToM

FLUX DF WATER MOVING IR TO PROFILE THIS TIME STEP,
EQUALS FLUX IN AT TOP ¢ FLUX IN FROM BOTTODH

= TRANSPIRATIOBN, CH. (SHOULD EQUAL THSTRO)

A YERY TEMPORARY VARIABLE-USED EN REFINED VYWDT ESTIMATE
SUBROUTINE WHICH CHECKS OYERALL ACCURACY OF CALCULATIDKS
DENE Th WAFER =~ DETERMINES WATER INTQ DR QUT OF PROFILE
AND COMPARES IT TO CHANGE IN WAFER STORED IN PROFILE.

FUNCTIGN WHECH RETURNS ELAPSED CPU TIHE IN SECONDS FAROHM
START OF RuUN.

SCIL YEMPERATURE PROFILE, C. INCEXED 8Y NODES, 50
XHIGLT(2)» EWGer IS5 TEMPERATURE OF FIRST LAYER.

STATE YARIABLE CALCULATED 9Y WATER EQUAL TOD AMOUNY
OF WATER STANDING ON SOIL SURFACE, HH.

TRETA OF LAYER AY EHD OF PHDT

A VERY TENMPORARY VARIASLE = USED ONLY TO HOLD VALUE
0f FUNCTION WTIME.

A DUMMY USED AS AN ARGUMENT IN WYIKE

MH WATER POTENTIALLY EVAPORATED FROM S0IL SURFACE I[N PHDT
YALUE OBTAINED FROM SUBRQUT INE PSWG

RAINFALLs MK IN PHDBT

AAINFALL INTENSITYs HH/HR

Modeling
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S0

79

BQ
a0

110

IFCXHSOLTCZ)Y JEE. =1} THFRIN=.TRUE.

00 50 I=1»6
L050J=1.,PHN=-2
TRTHCLI=THTRLID+ L E-S«CVTSPR(L )

IFC.NOT. TWFRIN) GO TO 7O
THRAIN=,FALSE.

THEVAP=0.0

THRP=.FALSE.

GOHTO1dO

IFCCTHR+TUSTND) .LE.4.)6G0TDAO
TARAIN = .FRUE.

THDT=2.02083

IF{THRP)IGOTO%O

GO TO 129

THRAIN=.FALSE.

THOBT=THD TP

R=0.3«PNTLIH
5=0.9%PHTLIM

T20.0
DO120I=2,PHN-1
U=ABSCTHDFHP(I))
IF(U.LT.RIGOTO110
IFCU.GY.53G0TOL20
IF(ULGT.TIT =l
CONTINUE
IFCTLLTLRIF=R
IF(T.LE.0.0)60TCE20
THDT=3 4 9#THDTo(PRTLIMH/TY

38

SuBrouTINE WATER

HATR 290
If temperature of the top soil layer is less than or equal
to —1 C, the entire soil profile is considered frozen.

WATR 319
HATR 320
WATR 322
Determine TWTW(I), transpiration demand in centi-

meters for plant functionat group I, for I = 1 to 6.

WATR 334

WATR 335

WATR 336

WATR 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.

HATR 3139
AdATR 340
WATR 341
WATR 342
HATR 343
HATR 354
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 TWDT = TWDTP and go on to section refining
TWDT estimate. If no, keep TWDT at minimum value and
skip section refining TWDT estimate.

WATR 352
HATR 3532
HATR 354
HATR 355
HATR 356
WATR 357
KATR 358
BATR 359
KATR 16D
KATR Ze6l
KATR 362
WATR 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 T are 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



170 IFCTHOY JG6T. (PHDY=THETOTY) THDT=PHOT~-THTTOT

130 CONTINUGE

149

150

170

a9

190

2no
210

IF(THFREINY GO TO 150

TR=AHINLCTHRS (ZRINT=THD T*24.))

THSF=TH+ THSTNO=THE VAP« YHET/PHDT
{HSF=TASF* . L

THSF=0.0

R=TWDT/PHDT

LOL70I=1sPHN=2

THTSPROI}=0.0

B0 210 J=1.,6

THIK=20.0

DO180Ix1sPHN=2

THYACE Y= THTHACT «1) =PHLLIH
TRTN=THTK+THTACII«CYRDST(JsT)
IFCTHIX JLE. 1.€E«8) GO TO 190
THTK=RaTHTH (SIS THT R

CONTINUE

002001=1,PHN=2

THTSPROIISTHTSPROTI )¢ THTKe THTACI I *CVROSTC 4= 1)

CONTINUE

Modeling

retains present value). At the completion of the loop plus the
next statement, T is the larger of: 1) 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 facter 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. '

HATR 365

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

4ATR 375
Control returns to this point if TWDT is reduced in the
line below.,

WATR 380
If soil is frozen, skip potential surface flux calculation.

HATR 391

The contribution to the surface flux from precipitation,
TW, is the minimum of the following: 1) 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.

HATR 392

HATR 395
Potential surface flux, in centimeters, eguals TW from
line 391 above, plus standing water, minus that portion of

evaporation for PMDT which oceurs this TWDT.

HATR 397
We reach here only if soil is frozen (line 380). If frozen,
then set surface flux equal to zero and go on.

HATR 413
HATR &t4
HATR 415
WATR 4186
WATR 419
HATR 420
HATR 422
HATR 423
KATR 426
HATR 427
HATR 428
WATR 429
HATR 430
HATR 431

Determine TWTSPR(I), centimeters, transpiration
demand by layer. [t is proportional to water available in the
layer TWTA(T), and the fraction of roots in the layer
CVRDST(J,1). 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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TH=0.2
D0Z30I=1,PHN=2
5=THYSPRCTI/CHOXCI)
IE(SLE.CTHTACI)*D.52)G0OTO220
THTSPR{T)=THTACT ) x0.5*CHOXL{T)
S=THISPR(I?

270 CONTINUE
IFCTHLLTSITH=S

2%¢ CONTINUE

over plant funetional groups (FG’s). TWTK first becomes
the sum over layers of water available in the layer times
fraction of roots of FG ] 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, e.g.,
perennial FG’s fill places 1, 2, 3 in XVPLNT, CVRDST,
ete., 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 | in layer [ is added to the
demand from layerI. 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:

WISPR()], = T prymiea)] LRMTACLL] [CVROST(d,1))
&l L= mor ] JITWTA(1)] [CWRDST(3,1}]

where A\[TWTSPR(I)}J means the addition to TWTSPR(1)
from FG J. If we sum both sides over I (layers), we find that
the total transpirational demand from FG ] for this TWDT
is {/TWDT/PMDT){TWTW(}}], which is just what we want
since TWEW(]) is the demand from FG ] over PMDT,

WATR &34
HATR 433
WATR 436
HATR 438
HATR 439
WATR 45D
WATR 441
WATR 442
HATR 443
§ = 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 §
ever represents more than half the water available from a
layer, reduce transpiration and § to a 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 TWDTs, 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.

LFCCTHLLE.PHTLIM) JORG(THIN. GE=2)oOR{ THD Y. LE-G.02083) }GOTOZ 40 HATR &45

THJIM=TH M+ ]
THOT=THOT*0. 9ePHTLEN/TN
IFCTHOTLE+0.02083)THDT=0.02083
G0 TO 130

260 CONTINGE

WATR 446
HATR 447
HATR 448
HATR 449
HATR 450

TWDT will not be reduced if: 1) TW, caleulated 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{THONE) GO YD 280
THOMNE=. 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 TWI'T 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
calculated 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 TWD'T. 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 tirne.

HATR 466

HATR

467

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

EFC({THRP .AND. THRAIR) LOR. (€.NOT. THRP) .AND. (. NOT. THRAEN))) HATR

1 60 T0 250
&0 TO 280
250 CONTINUE

D27 O0I=2,PHN

S=THOT/THDTP
IF{S5.GT.1.38=5QRT(S)
TH=THTHB (T )+ S« TRDTHP (1)

IF(TW .GE. PHY(PHMI} GO TO 260
[FCTH JLTV. PWLLIM) TH=PHLLEH

WATR
HATR
HATHR

L68
669
470
X8}

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).

HATR
HATR
HATR
WATR
HATR

W7k
475
476
ary
4rs

Tentative change in theta is equal to change last TWDT
times 8. § is the ratic of present and past time-steps if ratio <
1. H 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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THTHAC D Y=TH

IFCE.GT.2)G07027Q

THJA=THTHB () / PWDELH + 1.
THAA=CTHTHBC(IY“PHT(TRJADI I/ PHDELW

THHBCT) =PHR(THJIAY + {PHHC THJA+EI-PHH{ THJA I b2 THAA
Q0 TO 270

0O X20I=2+,PMN-]1

THTHC =CTHTHACI)+THTHBCI)Y ¢ 2.
IFCFHTHC GT. PHT(PRH)) THTHC=PHTI{PWH)}
IFCTWTHE LTo PHLLIM) TWTHC=PWLLIM

62

HATR 479

Set theta for current node equal to tentative value.

WATR 480

KATR 493

WATR 485

WATR 486

KATR 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-
tiom for actual surface flux (line 574).

HATR 494

DO loop over PMN—2 inner nodes. In this loop, ealculate
specific water capacity of each of the PMN—2 layers and
hydraulic conductivity of the PMN—23 regions between the
inner nodes.

WATR 495
HATR 496
HAFR 497

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

THIA=THTHC/PWDELW + 1. WATH 499
IFCTHJA GE. PHK) THJA=PHHM-L MATR 500
TAAA=CTWTHC=FHT LINJAY) ZPHDEL W WATR 502
THKSACL =P UKSUHCTRIA I (PHRSURCTHIA+ 1) ~PHKSUM{TNSAT ) #THAA WATR 504
THHHACT Y=PHH(THJA Y+ (PHNHCTHI AL )= PHHCTH A Y e TWAR WATR 505

FHHC{I~1) = PHDELW/CPWH(THJA+E I=PHH{THIA D)

IFCI.LE.2)60YD3310

IFCTHIB JEQ. THJAY 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.

MATR 508
The specific water capacity is simply the inverse of the
slope of the SWP vs. theta relationship.

HATR 509

Need TWKSA and TWHHA for two adjacent nodes to
calculate PWK, hydraulic conductivity, for region between.

HATR 510
If average water content of previous node and current
node are close (between same pairs of values in PWKSUM
and PWH table), caleulate PWK differently. This avoids
any chance of a divide-by-zero {or nearly zero) situation.
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PHKCT“1)=( THKSACT J=THKSACE=1 ) )/ (CTHHHACT ) ~THHHACL =1 ) )

Modeling

WATR 511

Caleulate 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, PWX is seen to be average
conductivity over a region of soil, weighted with respect to
SWP. PWKSUM, calculated in line 1013, is

M
PHKSUM(M) = X K. (aSWP).
i=1

where

P = {ndex which goes through theta values in the
conductivity and SWP tables (i = 1 => theta
= PWTLIM; i = 2 => theta = 2-PWTLIM,
.. .:i=m = theta = M-PWTLIM),

K; = measured conductivity (read in as PWKIN} at

theta = i'PWTLIM;

change in soil water potential {from PWH

array) from theta = i PWTLIM to theta =

(i+ 1) PWTLIM.

(ASWP);

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:

W I

1 1

I
K. (ASWP)_E - B K (aSWP),
i i=1

average ¢onductivity =

SH?M - SHPN
Say M > N, then
b
LK, (asWP).
. i=p ¢ !
average conductivity =

il
L {Aswp)i
i=h

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 = (.15 at the
bottom. Use input data for Curlew Valley run,

I theta .15 0.25
THKSA 0.4047 0.9167
TUHHA -8.090 -.8800
PUK T 0.0198 5.4630

TWESA 1 - THRSA o5

i

SLEE

weighted average conductivity
THIHHA 15 - TWHHA 25

0.4047 - 9157 =
TEOU0 (-, B80T 0.0709.

unweighted average conductivity = 2012805 8:2630 < g 14,
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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 (fower conductivity) controls
the flow of water more than the wetter soil.

ING FRKCI=E)=CPHKSUM(THIA*L J“PHKSUH{THJIAY] /7 (PWH{THJA+1)=PHHCTHJIA)) HATR 51z

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,

310 THJB=THJA HATR 514

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

320 CONT INUE HATR S17

End of loop.

Querview of Top Boundary Condition Section

Potential top surface flux was caleculated 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 or. Since no submodel, 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.
IFCTHSF.LT.0.0}GOTF033G WATR s54)
TWHBLI)=PHHWET WATR S44
THTRBCLI=PHT (PHH) WATR 545
G0TO340 , WATR S46
3%0 CONT INUE WATR 548
TWHB (1} =PUHDRY WATR 551
INTHAC1)=PHLETH WATR 552

Check sign of surface flux and set surfave conditions
wettest if positive, driest if negative.

360 CONTINUE HATR 554
C  CALCULATE PWK{1) WATR 555
TWTHC=THNTHB (1) HATR 556

IFCTHTHC JGT. PUTCPKM}} TWTHC=PHT(PWK) WATR 357
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IFCTWTHC LT, PHLLIM) THTHC=PWLLIH WATR 558
PHT{THJIA) AND PHT{THJA+1)} BRACKET THTHE WATR 559
THJA=THTHC /PHDELMY + 1. HATR Sel
IF(THIR JGE. PWM) THJA=PHH=] HATR 3561
CHECK IF WATER CONTENTS OF FIRST THO NOODES ARE VERY CLOSE ¥ATR 562
IFCCTHRSALZ) «GEs PRESUM{THUA)) +AND. (THKSA(Z) JLE. PHNSUH(THJA+LHWATR Se3

1 1)) GG YO 350 HATR 564
THaA [S FOR INTERPOLAYING HATR 565
THAA={ THTHC“PNT(TWJAY) /PHDELH HATR 566
THKSAL 1 }oPWKSUMCTRIAI# I PHKSUN{THJA+E)“PHRSUMTTHIA) I+ THAA WATR S67
THHHA{1)=THHB{L? WATR S68
FHXCL)I=CTHRKS A2 )= THKSACL )Y/ (THHRACZ )~ THHHAC] )} HATR 569

G0 10 360 WATR 570

380 PHX(L) = (PRKSUMCTHJA+L)=PWKSUMITHJIA)) / (PRHLTWJA+1) HATR 571
1 =PHH({TWJAD) WATR 572
360 CONTINUE HATR 673

Determine PWX(1) 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).

THSFC=PHKCL ) # THDT #CFMHB (1) = TRHE(2)+9.8 33E=4 «CHOXX (12 3/CHDXX (1) WATR 574
Calculated surface flux equals conductivity times time-
step times SWP gradient [the term 9.833—4-CHDXX(1) is
contribution due to gravity],

IFCTHSFLLTA0,0060¥0370 HATR 575
IFCTHSFC.GE.THSF)IGOYO3Y0 WATR 576
GOTO380 WATR 57T
370 IF(TWSFC.LE.THSFIGOTO3I90 HATR 578

Check if potential surface flux condition can be met.

320 CAONTINUE WATR 587
TWIN=.FALSE. WATR 582
THSFO=TWSF-TNSFC WATR 582
INSF=THSFC WATR 584
£8T0400 HATR 58S

If we 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.

190 CONTINUE WATR 587
THIN=, TRUE. HATR 591
INSF0=20.0 WATR 592

4n0 CONTINUE 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.

IFC.NDY, THFRINY GD FOD 420 WATR 600
L0GII=1,PHN=2 HATR BOL
410 PHK(ID=PRK(II*1.E“p WATR 602
4?90 CONTINUE HATR 693

If soil is frozen, reduce hydraulic conductivity by a factor
of a million and stop soil water movement.
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LO 43) I=1»PHN~} HATR B41
THMACT) = PHKCI) / CHOXX(T) HATR 642
IFCE EQ. PMN~1) GO 78 &30 HWATR 643
THRBCT) = (2.«PHWCCIIACHDXCLY)Y 7 TudT WATR 644
430 CONTINUE HATR 645
00 442 I=2» PMN=3 HATR 64&7
THALD) = THWA(T#L) HATR 648
FHCCTY = TWWACL) WATR 64%
THB(TIY = TWWBCIDETRACII+THCCY) HATR 650
4kD THECIY = THHACE«1)#(THHBCII=THACI)“THCCI)) + THHACE)=FHC(L) KATR 65t
1+ THHACL42)+TWHACT) + 2.%(PHKCE) = PMKCI+I}) #9.833E=4 HAFR 6%2
2 “2.«THTSPRCE}/THDT WATR 653
THACLY = THWA(Z) HATR 655
THC(1)Y = (. HATR 656
THBC1Y = TWHB(1) + THACL) HATR 657
THDOL) = FHHALZ) o (THHACL)-THALL)) & THHACI)#THACL) HATR €58
1 ¢ THSF#R2./THDT  ~2.PHK(Z)In9.833E=4 HATR 659
2 =2.«TKTSPRC1)/THDT HATR 660
THA(PMN=-2) = ¢. HATR 661
THCC(PHN=2) = THWA(PHN-2) WAYR 662
THECPHN=2) = THHB(PHN=2) + THCCPHN=2) ¢THWAC(PHN-1)} HATR 663
THDCPHN“Z) = TWHACPHN“1 ) #C(THHBC(PHN-2)~THCCRPHN=2)=THRACEHN=1}) HATR 664
1 + THHACPHX=2)*THCCPHN=2) ¢ 2.+THHBEPHMN) «THHALPHN~1) HATR 665
2 +2.0(PHK{PMN=2)=PHK(PHN=1)) #%.833E~4 WATR 566
3 =2.+FHYSPROPMN=2)/THDY HATR 667

CALL ¥DMCTKA, THS, TKC, THD.» THU, $#MN-2)

PO450T=2,PHH~{

THTHBL IY=¥WTHACL Y+ PHHCC T I (THUCI - 1)~ THHACL D
IFCTHTHB(T) .GT., PHT(PMH)} THTHB{L }=PHT{PHH)
IFCEWTHB(I) LT. PHELIMY THUTHBCL )=PHLLIH

450 CONT INUE

LOD46OI=2,PRN-1
IHJA=THTHBCI)/PHDELR L.
IFCTHIA LGE. PHN)Y THIA=PUH-]
THAA=CEWTHB (I} =PHFCTHIA) )/ PHDELW
460 THHB(I }=PHH{THJIADI#(PRH{THIA4L ) = PHHCTHIAY) € THAR

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: 1) hydraulic con-

-ductivity; 2) specific water capacity; 3) transpiration; 4) top

surface flux.

HATR &77

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.

RATR
HATR
HATR
WATR 693
HATR 594

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

690
691
692

(theta) = (specific water capacity) x [A (SWP)].

Ensure that values obtained are within range,

WATR
WATR
WATR
HATR
HATR

657
698
699
700
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—1. By
using the specific water capacity, we find theta much faster
than by hunting backwards through array PWH, but we



470

490
510
s10

DO4TQI=2,PHN-1
S=ABSCTHTHBCI) “TWTHACI )
IFC(SGT.PHTLIN)GOTO4B0
CONT INUE

GO TD 510

[FCTHIH,.GE. 26070510

THOTO=TxOT

THOT=THOT=0 . 2*PHTLIN/S

THJH=TH M+ L

IFCTHOT LY 0.02083)THDY=0.02083
A=THOT/THOTE

L0500 I=2,PHN=-1
THHBCE)=THHACT )+ CTHHBC(I I=TWHACT ) 3*R
FHTHBCI I=THTHALT) 4L THTHBCTI Y“THTHACI))«R
60 TO 130

CONTINUE

THSFB==PHKCALNTWOT®({THHAC(PHN=13 + TWHACPHN=J)) » .5
P +9.833E=44CHDXXCPHN=1) = THHB(PHN)})Y / CHODXX(PH#N=1)

CALL WBALL TWTSPR, TWSF, TWSF8, THTHA,
1 FHNINy THSTRO» R)

IFCFHDT.LT.0.052G070520

IFELR .GFy 29.) +OR. (ABSCTWHIN-THSTRD)
1 O0R.(ABS{R=1,),L7.0.013360TOQ52¢0

THOT=0.5*TROT

67 Modeling

TWIHB» CHOX»

LT, 0.008)

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.

RATR 705
HATR 7{6
WATR 707
HATR 708
KATR 7g9

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

HATR 710
KATR 711
WATR 712
HATR 713
WATR 715
WATR 715
WATR 717
HATR 718
HATR 719
HATR T20
HATR 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.

PHN» ¥ATR 730
HATR 731

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 WBAL,” below.

WAFR 733
HATR 736
WATR 737
WATR 738
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R={.5
GOTO490
520 CONTINUE

CHENF=CHINFeTHST
THSFET = THSFAT + TWSF8

IF(.NOT. TWFRIN) 60 YO 570
THSTRO=THS T WD+ THR
THR=0.0
GG 10 620
570 CONTINUE

IFCTXINY GO TO 580

THSTND=THSFDe10.2PHRNRFr»THDT
IF (THSTND LY. 0.0) THSTHNO=0.0

G0 TO 5990
R0 THSTNO=0.0
590 {ONTINUE

600 TWR=TWR-ZRINT+TNDT*24.
610 IFCTHR LLT. 0.0) TWR=0.0

AHSTHD=TWSTND

68

WATR 739
WATR 74D
HATR 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 = 89.9999 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 742

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

WAYR 785
WATR 786
WATR 787
WATR 788
HATR T89

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

WATR 792
WATR 794
WATR 795
WATR T %6
WATR 797
KATR 798

i 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 1. {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 302

Determine the amount of precipitation remaining to
infiltrate this PMDT. Make sure it doesnt get negative.

WATR 805
Set state variable XWSTND equal to TWSTND.



660

750

e

e

00640I=1sPHN~2

XNFRTAC T )= THWTHB{I+1)

CHPSICI)I=THHBII +1)

ENTRY WINIT

READ(S5+670)THCEC
HRITE(G,680)
KRIVEL{6,69Q)TWCCC

READ(S»670)YH{CC
WRITE(6,690)TKCCC
READ(5,/IPHDELW
HRITECH,T10IPHDELW

LG 750 I=1, PWH
THE = I=)
FAT{I)=THI«PWDELN

0O 760 I=1.PHN

THJA=THTHICT }/PHDELK « L,

IFCTHIA LGE. PHHMY THNJA=PHM=-}
THAASCTHTHBCT)=PUTOTHIANY) / PHDELW
THHBCT)=PRHCTHIAY ¢ (PHHC THJA+ LI =PWHOTNJIA ) D eTHAA

FHEKSUMCL 3= (PHKEHCL)4PHKINCZ ) ) (PHH(2)=PHH(L))#0,5

0O 77) I=2,Pun-1

Modeling

HATR 826
WATR B2?
MATR 828

Set state variable XWTHTA, 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.

HATR 858
This entry point is called once, from MAIN, It is used only
for initialization purposes: 1) to read in WATER variables;
2) to initialize miscellaneous flags and wvariables; 3} to
perform calculations which need to be done only once.

WATR 670
WATR 871
WATR 872
Read and write a comment which may say, e.g.,
INITIALIZATION DATA FOR WATER.

WATR 879
HATR 876
HATR 877
WATR 878
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
WATR10 00
WATRLO01
Set up array PWT, containing PWM values of theta, each
PWDELW apart. The conductivity in PWKIN(I) and the

SWP in PWH(Y) correspond to a theta value of PWT(1).

WATR1004
KATR100S
WATREODG
WATR10G7
HATR1G0B

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

WATR1Q 11
WATR1012

PHKSUMCI)=(PHKINCI D+ PHKINCTI# L)) (PHHCT+1)=PHH(I)D*0.5 +PWKSUMCI=1)HATRIOLNS

PHKSUMC P WM ) =2 s *PHEKSUMCPHN=1 }=PHKSUR(PHMN-2)

WATRIOL?

Calculate PWKSUM, sum of conduetivity times delta
SWP. This is used in line 504 in average conductivity
calculations. Each element in PWKSUM equals the previous
element plus an increment. Take PWKSUM(I), e.g. It
equals PWKSUM(I—1) plus the increment, which is the
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WRITE{6-780)

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+1) and PWT(). In line 1017, the last

increment is taken equal to the second to last increment.

WATRLO20

TR0 FORMATC® PHESUM» S5UM OF CONDUCTIVITY TIMES DELTA PRESSURE®) WATRIQZY

WRITEC6,720) PHKSUN

READ(S,670)THCCC
WRITECG»630)THCCC

DOLOOIsS, PHN=2
ATA+TSPR{I}
KSTRDOAWSTRD+ (THTAF(T+1)=THTAL(I+1)020%(1)

wIN = SF = A 4 5FB

IFCABBLWSTRD) LT, 1,E=3)RATIONSG,9999

IF(ABS{WSTRD) ,GE, 1. Ew3)RATIONKIN/KSTAD

WATR 1022

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

WATR1OZS
WATR1D26

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

SuBrOUTINE WBAL

WBAL is a small, simple subroutine which acts as an
overall check on the accuracy of the caleulations performed
in WATER. For the time period in question, either TWDT
or PMDT, it calculates WIN, 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 1.

WAL 16
wBaL 17
WBAL 53

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

wBAL 19

Calculate WIN, change in water in profile from surface
fluxes (top and bottom) and transpiration (convention is
that water in is positive).

wBaL 20

Set RATIO equal to a strange large number if WSTRD is
small {avoid divide by zerc or near zero).

weAL 21
Actually calculate RATIO if WSTRD is large enough.
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Modeling

Funcorion 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.

WTM 08

TIME(2) is CPU time in 80ths 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
SusrouTINE WATER

SUBRDJUTINE WATER

WRITYEN 3Y PAUL W. LOMMEN

DESERT BIOHE = ECOLOGY CENTER U#C 52
UTAH SYATE UNIVERSITY
LOGAN, UTAH 84322

AUGUST 1976

THIS SUBMODEL OF THE WATER RESPONSE HODEL CALCULATES SOIL WATER

POTENTIAL IN UP TQ 8 SDIL LAYERS.

POTENTIAL E£VAPORATION, TRANSPIRAYEON. SOIL HYDRAULIC CONDUCTIVITY -
SOIL MWATER CONTENT RELATIODNSHIP., AND SOIL WATER POTENFTIAL =~ 501L
WATER CONTENT RELATEDNSKIP.,

INPUTS NEEDED ARE PRECIPITATION,

WATR
HATR
HATR
MATR
WATR
WATR
WATR
HATR
MATR
HATR
WATHR
WATR
WATR
HATR
WATR
WATR

VYV VIUVYY VYV RATR

CYVVVY VY VYV VY VY IV VOV VUV UV O VYV VY YV VR VN VUV VY VYV VU UV YV VYV VYU A TR

C
C

c
£
C
C
[
c
c
C
C
C
C
c
C
C
[
<
c
c
c
<
C
C
C
i
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
4
c
<
€
C
C
c
<
<
¢

CHD(10}

CHOX(13)

CHOXX {10
CVTSPRO1Q)

W INF

rHPSI(10)
BBGFLG
NEBUG L
FLGFLG
PHD T

PHN

PHOELH

PRE(6O)

PHHLRY
PHHAET

PUK(10)

PHKCAL

PNKIN(B0)

PHESUM(S0)

PHLLT N

PKH
PH RARF
PHT(GEC)

PRTLL A

PHHEL IO

LIST OF VARIABLES FOR WATER

DEPTHS, CH» OF NDDES BELOW SURFACE (A NODE IS A POINT

HATR
HATR
HATR

RHERE A WATER POTENTIAL 15 CALCULATED) SYARTING AT SURFACENATR

THICKNESS OF REGION CENYERED ON NOBE WHERE COUNTING
STARTS AT FIRST NODE BELODW SURFACE AND GOES DOWN

CHDXXCT )=CHD{E+1) ~ CHD(I}
MM OF WATER TAKEN FROM EACH LAYER DURING PHDT

NET TOP SURFACE fLUX FOR PMDY» CH, DOES
HOT INCLUDE TRANSPIRATEION.

SOIL WATER POTENYIAL., 8ARS» VALUE AT ENO BF PHDT

I¥=.TRUYE. WRETE OEJUGGING INFORMATION THES TIME STEP
NUMBER OF TIME STEPS BETWEEN DEBUGGING OUYPUTS

IF=.TRUE. WRITE DEBUGGING INFORKATION THIS THDY

YIME STEF QETERHMINED IN MALNs DAYS

REMBER OF NODES, SAME AS NUKBER 4F HNOGES TN HEAT.,
COUNTING STARTS AT SURFACE

INCREHENT 3N VWC, FTYPICALLY 0.01-0.32

TABLE Df HYDRAGLIC PRESSURE HEAD YERSUS THETA. BARS.
USING SAHE THETA SCALE AND SPACING AS PAXIN

ALLOWABLE LOW PRESSURE LIMIT FOR ANY LAYER

ALLOWABLE HIGH PRESSURE EIMIT FOR ANY LAYER

HYDRAULIC CONDUCTIVITY, (M2 BAR~1 DAY-1, PHK(I) IS
CONDUCYIYITY AVERAGED OQVER TMDY, IN REGION BETWEEN NODES
I AND I¢1» WHERE COUNTING STARTS AT SURFACE.

CONDUCTEYITY OF CALICHE LAYER

TABLE OF CONDUCTIVITY VERSUS THETA» CHK2 BAR-1 DAY-i.»
STARTING WITH VALUE AT THETA = (.0, READ IN IN WENIT.

ARRAY USED 7O CALCULATE AVERAGE K, (CH-BARS I/ DAY

LOWER LIMIT OF THETA, QI MENSIONLESS
CALCULATED IN WINIT ANMD = SuUM QF CONDUCYIVITY X DELTA H

NUMBER OF ENTRIES TN CONDUCTIVIYY AND PRESURE TABLES
RUNON TO RUWOFF RATIO PER DAY
ARRAY CONTAINING UNIFGRMLY OISFRIBUTED vALUELS OF THETA

LARGEST CHANGE IN THETA ALLONMED FOR NODES 2 TO Pak-1
DURING ANY TEME STEP TWDT. TYPICAL YALUE .0f YD .02

WATER CAPACITY, BAR~-1, OF REGIONS SURRQUNDING NOBES»
COUNTING STARTS AT FERST NODE GELOW SURFACE

WATR
WATR
WATR
HATR
WATR
WATR
HATR
WATR
WATR
WATR
WATR
KATR
WATR
WATR
WATR
WATR
HATR
WATR
WATR
NATR
WATR
WATR
HATR
WATR
MATR
KATR
WATR
WATR
WATR
HATR
WATR
WAYR
WATR
KATR
KATHR
WATR
WATR
HATR
WATR
WATR
WATR
HATR
WATR
WATR
WATR
MATR
WATR
WATR
WATR
WATHR
WATR
HATR
WATR
KATR
NATR
HATR
WATR
HATR
WATR

A VERY TEMPORARY VARIABLE = USED IN REFINED TWDT ESTIMATE,WATR

TRANSPIRATION SECTION, REDUCTION ©F TWDYT IF QELTA THETA
TOO LARGEs AND AS RATIO OF WATER IN T# WATER STORED

WATR
WATH

001
002
003
Q04
005
006
007
oos
009
013
011
alz
013
014
0135
D1g
017
01s
019
02k
0zt
02z
az23
024
[iF-e]
026
Qz7
0z8
029
030
on
032
033
034
035
636
037
438
039
(L]
[FX3
042
043
044
04s
046
047
048
049
450
051
052
053
054
055
0586
0s7
458
059
060
G661
062
063
064
065
066
134
068
069
ore
071
072
a7y
074
0735
076
Q77
ore
0r9
Qa0
[LX:3
o8z
083
oaL



L N e N e s B o e N el el e N N e R e e N N R s R N N N N e N e N e N N N R e N el e N e N R R e e R N e R el ol R E e R N F e R el B N e N N e W e R N N e N N N e N e R e N e N e N N R N W N N N N R N N P W o W RN o

ToH

TIME
TSTARY
THAA
TRA(LO?Y
THAAACLEO?
THB(10)
THOEC10)

™

THC (10}
YHCLC
THO(10)
THOT
THOTHPCLY)
T™OTP

THGTQ

THEYAP

YHERIN

T™E
THHACi O}
THHE(10)
THHHA
THEh
THFA
TRag
THIN
THESA

THOME

THR

THRAIN
THARP
THSF

THSF8B

TRSFBT

THSFC

73

AS CALCULATED IN WBAL. HATR

HATR
A VERY TEMPORARY VYARIAGBLE = USED IN REFINED THOT ESTIMATEFNWATR
THANSPIRATION SECTION, CONDUCTIVITY SECTIGN, ANO REDUCTIONWAYR

OF TWDT If OELTA THETA TOD LARGE. HATR
HATR
A VERY TENPORARY VARIAGBLE ~ USED IN REFINED THDT ESTIMATE, WATR
KATR
A SUSROUTINE USED BY WATER AND HEAT TO SOLVE A SET OF HATR
SIMULTANEOUS OIFFERENCE EQUATIONS, THE LEFT HAND SIDES OF HATR
WHICH FORM A YRI-DIAGONAL MATRIX,. WATR
KATR
CURRENT JULEAN DATE - BOOKKEEPENG DONE IN HAIM PROGRAM. HATR
HATR
JULIAN DATE OF START OF RUN = ENITIALIZED IN MAIN PROGRAMMATR
WATR
FRAGTION OF PWDELK INTERVAL » USED IN INTEAPSLATING HATR
WATR
PARAMETER A FOR TRI-DIAGONAL MATRIX ROUTINE CTDMH ROUTINE) ¥alR
HATR
ARRAY CONTAINLNG YALUES OF THTHACI) FOR 1=2,PHN~} WATR
HATR
PARAMETER 8 FOR F¥DM RQUTINE HATR
HATR
CONFAINS DRDERED VALUES OF THAAA. HATR
HATR
A VERY TEMPORARY VARIABLE ~ USED IN SURFACE FLUX HATR
CALCULATION, TRANSPIRATEON SECYIONs, AND CONDUCTIVITY WATR
SECTION, WATR
HAYR
PARAMETER C FOR TDHM ROUTINE HATR
HATR
USED TD READ AND HRITE COMKENTS IN INPUT DATA WAYR
HATR
PARAMETER D FOR TDM ROUTINE HATR
HATR
ACTUYAL TIME STEP WATER 1S USING HATH
HATR
CHANGE IN THETA DURING LAST THOT HATR
HATR
LENGTH OF PREVIOUS HATER TIME STEP HATR
HATR
HOLDS CURRENT YALUE DF TWBT AS IT [S BEING REDUCED HATR
BECAUSE DELTA THETA IS YQD LARGE. HATR
HATR
EVAPORATIVE DEMAND, MK, WATER 10 EVAPORATE FROM SURFACE HATR
OURING REMAINBER OF PMDT HATR
HATR
EQUALS .TRUE. IFf SOIL PRGFELE FROZEN, EQUALS WATR
<FALSE, IFf NDT FROZEN. WATR
HATR
TEMPDORARY VARIABLE USED TO SET UP PWMT ARRAY. WATR
HATR
PRESSURE HEAD AT BEGINNING OF TWDT» BARS HATR
HATR
PRESSURE HEAD AT ENO OF TWDT, BARS WATR
HATR
TNTERPCLATED VYALUES (QF PKWH WATR
HATR
EQUALS +TRUE. 1F SURFACE PRESSURE 1S MITHIN LIMITS WATH
HATR
INTEGER USED IN PICKING VALUES OF K, H OFF TABLES HATR
HATR
INTEGER USED EN PICKING VALUES OF Ks» H DFF TABLES HATHR
WATR
INTEGER COUNTER USED T& LIHMIT NUMBER OF TNDT HALVINGS HATR
WATR
INTERPOLATED VALUE OF PMKSUM WATR
WATR
EQUAES .TRUE. IF FIRST DELYA THETA APPROXIMATION HAS HATR
ALREADY BEEN DGNE DURING CURRENT TwrDT. HATR
WATR
RALN, MM, WATER TO INFILYRATE, LEAYE STANDIXG OR HATR
RUNDFF DURING REMAINDER OF PHDY. HATR
WATR
EQUALS .TRUE. IF RAIN DCCURS QURING THOT HATR
WATH
EQUALS L TRUE. IF TWRAIN WAS TRUE LAST ¥TuDV. HATR
HATR
SURFACE FEUX OF WATER OR VAPOR,CH HATR
HATR
FLUX OF WATER MOVING INTO PROFILE DURING ¥WDY THROUGH WATR
CALICHE, CH. HATR
HATR
FLUX OF MATER HOVING INTO PROFILE OURIRG PMOY THROUGH HATR
CALICHEs CH. HATR
WATR
CALCULATED SURFACE FLUX UGSING THHBCL) AND PUMK(1D). HATR
WATR

085
086
0s7
088
049
090
091
092
093
094
095
G696
097
%8
09g
140
01
102
163
104
105
106
107
ig8
169
110
i
112
113
114
115
i16
117
118
119
12¢
£zl
K22
123
124
125
i26
127
128
129
110
131
112
133
134
135
136
137
138
139
140
141
142
143
144
£45
148
147
148
149
150
151
152
153
154
£S5
156
157
158
159
L60
1sl
162
163
164
165
166
167
168
169
Lt70
£71
172
I73

Modeling
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THSFD

THSTND

THSTRD

THTALL10)

THTHAAC1D)
THEHACL1Q)Y
THThB(10)

TH THC

THTK

TWTHES(13)

THTSPRC10)

THYTOT

THTHC(E)

TWULLD)

TRHAL L)
THHBCLG )

THHEIN

WB AL

HTINE

XHSGLY (1)

XWSTND

XWIHTACLO}

¥

TEVAP

TRAIN

TRINT

T4

EQUALS TWSF~THSFC

STANGING WATER, #4, AFTER RUNON-RUNDFF ASSUMPTIONS HAVE
BEEN CONSTDERED.

CHANGE DURING YIME STEP IN WATER STORED IN LAYERS OF
PROFILE, CH, (SHOULD EQUAL THWIN)

WATER AYAILABLE IN LAYERS, OIMENSIONLESS

YOLUMETRIC WATER CONTENT AT SEGINNING OF PMDT
VOLUKETRIC WATER CONTENY (VWC)> AV BEGINNIENG OF TwWOT
VHC AT END OF THWDT

THETA AVERAGED OYER TWDT FOR WHATEVER LAYER WE'RE
CALCULATENG AT THE MOMENT

PROPORTIONALITY CONSTANY WHICH IS CALCULATED TO MAKE
TRANSPIRATION CEMAND FRDM A LAYER PROPORTEONAL TO WATER
AVATLABLE AND RELATIVE RGOT AMOUNTS IN A LAYER.

RUNNING Si¥ OVER TWOT'S OF TRANSPIRATIDN BY LAYER, CHM

TRANSPIRATION LOS5 OF WATER FROKR REGION SURROUNDENG NODE-
CH, (TOP AND SOTTOM NODES EXCLUDED) GURING TWDTY

TOTAL TIME THAT HAS ELAPSED IN P#DV. DOES NOT ENCLUDE
CURRENT TROT» DAYS

TRANSPIRATIONAL DEWMAND BY FUNCTIONAL GROUP, CHM

WATER POTENTIALS TN BARS OF SOIL LAYERS AS RETURKNED
FRON SUBROUTINE TOHM,

USED TN SETTING UP CALL TO TDH

USED EN SETTING UP CabL TO TDH

FLUX OF WATER HOYING IN TO PROFILE TH#HIS TIME STEP»
EQUALS FEUX IN AT TOP + FLUX TN FRON BOYYOHM

“ TRANSPIRATION, CH. {(SHOULD EQUAL TWSYRD?

A VERY TEMPDRARY YARLABLE~USED IN REFINED Tw0T ESTIHATE
SUBROUTENE WHICH CHECKS OVERALE ACCURACY ©F CALCULATIONS
DONE IN WATER - OQETERMINES WATER IRTO OR QUY &F PROFILE
AHD COWPARES ITF TO CHANGE IN WATER STORED [N PROFILE.

FUNCTION WHICH RETURNS ELAPSED CPU TIHE IN SECONDS FRO#
START OF RUN.

S0IL TEMPERATURE PROFILE, C. [INDEXED BY NODES, 50
XHSOLT(2)Y» E.Gas [S TEMPERATURE OF FIAST LAYER.

STATE VARIABLE CALCULATED 8Y WATER EQUAL TO AMOUNT
OF WATER STANGING OR SOIL SURFACE, wK,

THETA OF LAYER AT ENRD OF #80DT

A VERY TEMPORARY VARIABLE <« USED ONLY TO HOLD VALUE
OF FUNCTION WTIHE.

A DUHMY USED AS AN ARGUKENT 1IN WTIKE

M# WATER POTENTIALLY EVAPORATED FROM SOIL SURFACE [N PHDT
VALUE QHTAINED FROM SUBROUTINE PSWG

RATNEALL, MH4 IN PMDT

RAENFALL INTENSITY, HM/HR

END OF VARIABLES LIST FOR #ATER

WATR
HATR
WATR
WATR
WATR
NATH
WATR
WATR
HATR
WATR
HATR
HATR
WATH
WATR
WATR
HATR
WATR
WATR
HATR
HATR
WATR
HATR
HATR
RATR
WATR
HAT®
HATR
HAFR
HATHR
WATR
WATR
WATR
WATR
WATR
WATR
WATR
WATR
WATR
WATR
WAFR
WATR
WATR
MATR
HATR
HATR
WATR
HATR
HATR
WATR
WATR
WATR
WATR
WATHR
HATR
wATR
KATR
WATR
WATR
WATR
WATR
HATH
WATR
HATHR
HATR
HATR
WATR
HATR
HATR
WATR
KATR
HATR
HATR
WATR
WATR
WATR

VYT UV VY VY VY VY VYV VY Y VY YV VY VY VY PV PV VY VYV VY YV VY YV RATR
Y VYV VYV IV VY VYV Y VY PV VYV VUV VY VY YV VY VY YV YV VYV VYV VYV ATR

t
c

C
c

INTEGER

LBGICAL

PANPHH THIALTH JB2 THIHS PHFGPS

DAGFLGs FLGFLGs THFRIN, THIN THONE» THRAINTHRP

DIMENSION PWKC(L10), TWACLIOD)Ys TRBCL1O)e THCC10), THOC10),
1 THTHACL1G)» THTHBC(302» THHACIO)» TWHHBC(103, THWACL0)s TWHBC(LDD»
2 PHKINCEO), PHHE60), PHKSUM(E0), PHTCHOQ)Y » THUCLO), THCCCC(20)
3 » THTSPROEQ), THKSACLIO)» THHHACLQ)» THDTHP(1D)
4 » THTHAACLOY» TWTHTSC10)» TWTACLOY, THTWISD

HATR
HATR
KATR
WATR
KATR
HATR
KATR
HATR
KATR
WATR
WATR
KATR
HATR

174
175
176
177

178
179
40
161

182
tas
185
185
186
187
188
189
190
£91
192
193
194
195
196
197
198
199
200
201

202
203
204
205
206
207
208
209
210
211

21z
213
214
215
2186
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231

212
233
214

215
236
21

238
239
240
241
242
24%
24k
245
246
247
248
249
250
251
252
253
258
255
256
257
258
259
260
261
262
263
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75

COMMON/DB/DESUGE» DEBUGZ» DEAUGS HATR
HATR

COMHON TEME+TISTART.TEND.OF,DTPR,DTPL, KATR
1CAARCE,8 Y, CADEST(6,8), CADETHA CAUNST »CODL{12,4)»CHOC10),CHDX (10), WATR
ZEHOXNLEO ) CRFEX P CNSDF CRSDS o CNSOMF » CHSOMS, CRSUP» CVOETH(R2 24 # HATR

ZCYLTFROLL-4) CYPHENC 68 ) s CVPHS (6 ), CYRDST(G,10),CYTSPRIG B2 CVYCOV,HATR
GCHINFoCHPSE{10)PHDT»PHOTPL s PHDTPR, PHFGP5s PHIDAT s PHN> PHNCOH» PHNGP  HATR
SEHRCLIY ) o XAACA ) r XAAVHT (L 0)r XAAMTCG Y o XAFTSCL) > XAFHT{4)» XANUMB{S-8) - HATR
GAASACH) s XASANTCL) »XAYNGC L) XAYHT(4) oXHSOLT(10) s X NKN-XNSONF P XNSDHS» HATR
TXYFG(6»5)aXVLITROLZ24) s XVPLNTCH,8)r XVTOTL,XHTHTACL0) # XKSTND» ZAIRY - HATR

BIEVAP»ZESUMoZPHPDs ZRAIN»ZRSUM»ZRH» ZRINT, ZRISUMSZSUN,ZTHAX»Z THIN,  HATR
FIWIND HATR
WATR
HATR

CEIVITITIIRIIIITITIEZ QLS X I q It NI IRELEITIEIIITNITEETITITHATR

L
€
C

M cO0oOO0n00O000o

OO0 0 ixd

(]

©

oo o0

TNITIAL DECISIONS AND SETTING UP (HMADY ONCE EACH CALL TO WATER) HATR
HATR

HATR

THDT=PHOT WATR
CHINF=0.0 HATR
THSFBT=0.0 HATR
TR¥I0T=0. HATR
Y=HTIME(Z} HAYR
THEVAP=ZEVAP HATR
IHR=IRATIN HATR
IWFRIN=.FALSE. HATR
IF(XHSOLT(2} LLE. =1} FHMFRIN=.TRUE. HATR
UBGFLG= . FALSE. HATR
FFCDERUGE LT, 1.E£-5) &0 TO 10 HaTR
LF(HODCCCTINE=TSTART) /PHDT)» DEBUGL)Y LT EeE~5) DBGFLG=.TRUE. HATR

10 CONV INUE HATR
TNITIALIZE VOLUMETRIC WATER CONTENT (VHC) AND PRESSURE HEAD HATR
08 20 1=1.PMN HATR
THTHARC T )=THTHB(I) HATR
TWTHACL)=THTHB(T) HATR

20 THHA{I)=THHB(I)} HATR
THThAA HOLDS VWC AT BEGINNING OF FMDT WHICH ISK'T ALWAYS THE SAME HATR
25 THE BEGINNING Of TWOT. HATR
THTHA AND THTHG NDH COMTAIN VWL AT BEGINNING OF TWDTY HATR
THHA AND TWHE NOW CONTAIN PRESSURE HEAD AT BEGINNING OF THGOT HATR
HATR

KATR

HATR

TRAKSPIRAYION SECTION HATR
TRANSPIRATIGN [5 CYTSPR(FG,L} BY FUNCTIONAL GROUF AND LAYER IN HATR
KG HA=1 (i KG HA~1 1S A LAYER OF WATER 10-5 C# FHICX?. HATR
NLD WAY WAS TOO CRUDE AND THOUGHT 1T COULD OECIDE AT BEGINNING OF HATR
PKOT HOW MUCH TRANSPIRATION COULD BE FOR EACH LAYER. NOW DECEDE HATR
THES FOR EACH TWOT HATR
HATR

CU3eI=1+PHN-2 WATR

T JHTHTSC(T)Y=0.0 HATR
SUM WATER DEHAND FOR EACH FUNCTIQNAL GROUP. HATR
LO 40 I=1.6 HATR

63 THTH(E}=0.0 HATR
GO 56 [=1+86 HATR
GOS504=1,PHN=-2 HATR
THYR(I TS WATER DEMAND OF FUNCTIONAL GROUP FOR #HODY» CH HATR
S50 THTHCI)=THTR{I )+ E~S«CVISPR{T,4)} HAER
HATR

HATR

AATR

THITIAL ST4B AT TWDT HATR
TF CONDITIONS ARE ROUGHLY THE SAME AS PAST TIME STEP, KEEP THDT 5AME.HATR
TF RAINFALL DURING PHODT ES GREATER THAN 4MM. SAY, HAKE TIME STEP I[N KATR
MATER 17648 DAY(1/48=0.020813). WATR
HATR

REGINNING OF TrOT CALCULATION HATR
60 CORTINUE HATR
FHECK FOR FROZEN SOIL HATR
1IFC.NOT. TWFRZIN) GO TOD 79 HATR
THRAIN=.FALSE. HATR
THEY AP =0.0 HATR
ITHRP=.FALSE. HATR
GOTO1Y0 HATR

7O IF({THR+THSTHND) .LE.&.)IGOTOBC HATR
THRAIN = .TRUE. HATR
THOT=),.,02083 HATR
EFCTHARP }GOT 090 HATR

40 TD 120 KATR

80 THRAIN=.FALSE. HATR
2Q TWDT=THOTP HATR
HATR

100 CONTIHUE HATR
REFINED THOT ESTIMATE HATR
CHECK IF LARGEST VALUE OF TWDTHP, CHANGE EN THETA LASY THOT 15 HATR
RETHEEN 2.3 AND 0.9 TIMES PWTLIM, IF IT IS ESTIHATE NEXT THOT FROM HATH
7. HATR
R=0.3+PNTLINH HATR

5=0.9*PHTLIN

HATR

264
26%
266
267
268
269
270

271

272
273
274
275
276
217
278
2re
280
283
282
283
284
265
286
287
289
289
250
291

292
293
294
295
296
297
298
299
300
301
302
303
304
30%
308
Iar

308
309
310
i
31z
3
314
315
16
117
318
319

320

321

322
323
326

325
326
z7
328
329
10
331
3132

333
334

335
33s
337
138
339
340

3al

342
343
Shk

345

346
347

348

349
350
35t
352

352
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C
C
C
C
<
c
C
C
c
<
C
C

[y Xl

e R»]

120.0
00110L022,PHN~1
U=ABSCTHOTHP(I))
IF(U.LT.R)GOTOL10
IFCU.6T.8)GOTOI2¢
IFCUGT.TIT=U

110 CONTINUE
IF(T.LT.RIT=R
IFCT.LE.G.0)GOTO120
THDT=3.9+THOT*#CPHTLIH/T)

120 1F(THDT .GF. (PHDT-TWITOT)) THDT=PHDT=-THTTOY
FNO INITIAL STAB AT TWOT

THIH = §
TWJH IS5 A COUNTER WHICH ALLOWS A LIMITED NUMBER OF TWDT
HALVINGS

110 LONTINUE
REGINNING OF LOOP TO CALCULATE PRESSURES ONCE THDT IS SET

CHECK FOR FROZEN SOIL
IF{TWFRZN)Y GO T¢ 150

SURFACE FLUX CONSTDERS RAINs STANOING WATER AND EVAPORATION (BUT NOT

YRANSPIRAFION) .
WATER IR IS5 PLYS, OGT IS KINUS. THIS IS POTENTIAL FLUX.

REGIN MAIN [TERAYIOGN LOCP WITHIN TWDT

YHSF MOT TWSFC IS5 YSED FOR SURFACE FLUX IN EQUATIONS SECTION.

THE ALTERNATIVE TS5 TO USE THSFC AND PASS ON A CORRECTION = THSF =
YHSFC TO NEXY TIME STEP,

THRs THSTND» THEVAP IN MH,
TH=AMINI(YHR,A (ZRINT«THD F%24,)}
THSF=TH+ TWSTND~THEVAP*THDT /PHDT
ROTH TWSTND AND THSF ARE IN MK AT THE HMOMENT
PEALLY WANT SURFACE FLUX IN CH FOR THDT NOT MM
140 THSF=TH3F*0.1
G0 T0 1m0
15Q TWSF=9,0
1A CONTINUE
FND THITIALIZATION SECTIDN

TRANSPIRATION SECTION

WIThORAR WATER FROM A LAYER PROPGRYIONAL FO WATER AVAILABLE AND
FRACTION DOF ROOTS IN THAT LAYER. THTK IS PROPGRYIORALITY CONSTANT
FOR FUNCTIONAL GROUP BEING CALCULATED.

THYSEHC(Y) IS TRANSPIRATION FROM LAYER I DURING TWOT, CH.

R=THDT/PHDY
LOLTOI=LaPHN~2
170 THTISPRCED)=0.0
PUTER DO LENMET GOES TO & RATHER THAN PMFGPS IN ORDER 10
THCLUDE ANNUALS IN PLACES 5, & IN ARRAYS CVYISPR AND CVYROST
DB 219 J=i.6
TNTK=0.0
001801=1,PHN-2
THTA 15 WATER AYATLABLE IN EAYER. DIMENSIONLESS
THTACT)=THTHACT #1)~PHLLIH
180 THTK=THTKeTHEA(I}«CVROSTCJ, 1)
FOLLOWING LTINE ADDED 50 LACK OF FUNCTIOMAL GROUP OR LACK OFf RQDTS
SOMENHERE DOESN'T SCREW TRANSPIRATION CALCULATION.
IF(THTK .LE. 1.E=-8) GO YO0 190
THTKZR*THTH )/ THTK
190 CONTINUE
DO200I=1sPHN=~2
20 THYSPRCID=THTSPRCI)+THTIK«TUTALL ) «CVYROSYCJoI}
210 CONTINUE

FINL LARGEST DELTA THETA THIS WOULD RESULT IN FOR THIS TWOY,
TH=0.]

D02301=1,PMN-2
S=FWTSPRCI)/CHDXCI)

NEVER TAKE ALL THE AVAILABLE WATER.
IFCS.LELCTRTACE) «0.5)3G0T0220
THTSPROTI=STHTACT ) »0 . 5+CHOXCT)
S=TWTSPR(I)

270 CONTINUE
IF( W LTS3 Iu=5
2%0 CONTINUE

WATR
HWATR
WATR
WATR
WATR
WATR
WATR
WATR
HATR
WATH
HATR
WATR
WATR
WATR
HATR
HATR
KATR
WATR
HATR
KATR
WATR
WATR
RATR
WATR
WATR
WATR
HATR
WATR
WATR
HATR
KATR
WATR
WATR
WATR
WHATR
WATR
HATR
WATR
KATR
WATR
WATR
HATR
WATR
WAYR
HATR
HATR

S SR SR R PR R RS R RS S R NS O R R R R R R R R AR S R R SR R A R R ORI R R RE R0 R RN SR E0S 70

WATR
HATR
HATR
WATR

TETTTITI TR AT ST I Ty I Y YRRy Yy T Ty I I IT T I TV IITRTT RIS ATT TN FYITITIWATR

HATR
KATR
WATR
HATR
WA TR
KATR
WATH
WATR
WATR
WATR
WATR
WATR
WATR
HATR
HATR
WATR
HATR
WATR
HATR
WATR
WATR
WATR
KATR
RATHR
WATR
KATR
HATR
HATR
HATR
HATR
KATR
WATR
WATR
HATR
KATR
WATR
KATR
HATHR

354
355
356
357
158
159
360
K1
162
363

365
366
367
368
369
370
irt

295
396
397
198
199
409
40t
402
403
504
405
406
Lo7
408
409
410
41
412
413
414
455
416
417
ats
419
420
421
422
423
424
425
426
427
428
429
430
431
432
413
424
435
436
5137
438
439
460
441
452
443
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C TYF W IS TOG LARGE., REGUCE THMDTY ACEORDINGLY HATR
IFCCTHLLE.PHTLIM) WORETHIML GEL2) o OR.CTHOTLLE.O.QZ0833)IG0T 02 40 HATR
THIH=THJIH+ 1 HATR
THOT=THOT*0 . 9+«PHTL IN/THK HATR
LFCTHDTLEQ.02083)THDT=0.02083 HATR
G 10 130 HATR

240 CONTEINUE HATR

C HATR

£ FND TRANSPIRATION SECTION HAYR

CTTYT Y IV FF TN T FTT T I T I TR T T O T TV YU T A TR F R Y P YT Y TTTITTITS I TITTITTITIITITYTYHATR

C HATR

c WATHR

€ KHATR

c WATR

CCCPCCLCCCOCLLCCLCCTECCOCLECCCECCELCCCECCCCLLCLCCCCCECCCECCCCCECCLCOCCCCHATR

£ GENERATE VALUES OF CONDUCTIVITY AND SPECIFIC WATER CAPACITY HATR

C FROM VALJES OF VNWC HATR

€ HATR
C TF CONDITIONS ARE ROUGHLY THE SAHE THIS TWDT AS LAST, HATR
G APPROXIMATE CHANGES IN THETA BY ASSUMENG FOR KOMW THAT CHANGES HAYR
L THES TWDT EQUAL CHANGES LASY THODT. IF CONDYFIDNS ARE NOF THE SAME NWATR
£ ASSUME FGR NOW THAT BEGINNING AND END VALUES ARE THE SAHKE. HATR
€ G0 THRAOUGH THIS SECTIOGN SNLY ONCE FOR EACH YWOT HATR
IF{(THONEY GO FO 289 HATR
THONE=. TRUE. HATH
IF(CTYRP +AND. THRAIN) .0R. (C.NOT. THRP) .AND. (.NOT. THRAIN)Y)Y HATR
1 GO TQ 250 HATR
c0 Y0 280 HATR
250 LONTYINUE HATR
DO2TOI=2+PHN WATR
C HATR
S=THOT/THOTP HATR
IFC5.GT.1.)5=5QRTC(S) HATR
TH=THTHACT Y+ SaTHODTHPLL) HATR
IFCTH LGE. PHTC(PHM}) GO TD 260 WATR
IFCTH 0¥, PHLEIM) TW=PHLLI® HATR
TRTHB[)=THW HATR
IF(I.GT.2)G0T3270 HATR
C ®ECALCULATE PRESSURE VALUJE DF TOP LAYER HATR
€ PHF(THJIAY AND PHTC(TWJA+l) BRACKET THYHHC(I} HAFR
THJA=THIHBLE) 7/ PHDELW ¢ 1. HATR
L THAA IS5 FOR INTERPOLATING HATR
THAA=C{THTHBL{I)~PHT(THJA}Y/PHDELN WATR
THHBC I ) =PHH(THJAY ¢ (PHH{ TRJA+1)I-PHHO THIAY Y aTHAA HATR
Gb 70 270 HAYR
2RO TWEHBCEI)=PRE(PHH) HATR

THHBCT ) =PHH(PWK) HATR
270 CONYIWUE HATR
280 CONTINGE WATH

C HATR

c HATR
00 222E=2sPHN=] HATR
THTHC =(THTHALI Y+ THTHRCI}Y / 2. HATR
TFCIHIHC LGT. PHY(PWM)) YWTHC=PHI(PWH)} HATR
IFCTHTHC LT, PHLLIM) TWTHC=PHLLIM WATR

C PHT(TWJAY ANO PWT{TWJA+1)} BRACKET TWTHC HATR
INJA=TRTYHC/PROELN + L. HATR
IECTHIA GE. PHMY THIA=PRE=1 HATR

[ TWAA [S FOR INTERPOLATING WATR
THAA=CTMTHC=PHT (THJA)I/PRDELW HATR

C YWKESA AND TWHHA ARE PART GF AVERAGE CONDUCTIVITY CALCULATEON HATR
THEKSACTY=PRXSUMCTHIAY ¢ (PREKSUKITHIA+ 1) =PRKSUM{THIADI )2 THAA WATH
THHHAC T 3=PHHCTHOAI+(PRHC TS A+ L )~ PHRITHIA I} THAR HATR

C NALCULATE WAYER CAPACITY HATR

€ YT [S SIAPLY THE RECIPROCAL OF THE $LDPE OF PRESSURE V5. THETA HATR
FPHNC{I=1) = PHOELW/(PWH{TWJA+1)=PHH(THJIA}) HATR
IF{I.LE.2)GAT0310 HATR
IF(THAB +EQ. TWJAY GD YO 300 HATR
PHXCT=1)=0THKSACE Y- THKSACtT=1 )}/ CFHHHACL ) =THHHACI =1} HATR
GO ¥§ 310 HATR

IR0 FRECT=1 IS (PHKSUKCTHJIA#L I=PHKSUKCTHIAY) / (PWHUTWJA+L}=PHH{THJIA})} HATR
310 THJIB=TWIA HATR
€ TWJSd IS5 USED 70 HOLD &N Y0 THE VALUE OF TWJA FOR DNE HORE PASS HATR
£ THRCUGH DO LOO# HATR
170 CONTINUE HATR
C HATR

C FND CONDYCTIVITY (EXCEPT FOR TOP LAYER) AND WATER CAP. CALCULATIONS HATR
CCCrCCCCCCCCCCCCCCECCCCLOLCTECCCLLCECCCECEULCLLCCCLLECCCECCLCLLCCCCCECCHATR

[ HATR
C WATR
C HATR
c HATR
CAB"B3880AB3I68B0B00BE00000E00BRPARBRARBAS ABEAGNERBEBB8BIBBBN8BBBBR8IBAB0 HATR
€ ROUKODARY CONDITEGN SECTION HATR
C HATR
c HATR
€ FOR THE gOTYOM BOUNDARY CONDITION MUST BE ABLE YO SE¥ CONDUCTIVITY INWATR
C YHE REGION IMMEDIATELY ABOVE THE BOTTOM NGDE. WE HMUST ALSO SEY HATR
L PRESSURE HEAD AT BOYTGHM NODE. PRESSURE HEAD WILL B8E CALCULATED HATR
C FOR NODES 2 THROUGH PHN-1 WATR
C PREK{PHMN=1) AND THHO(PKN) WEREL READ IN IN NINIT. THEY REPRESENY HATR

444
445
446
447
448
449
450
450
451
452
453
454
455
456
L97
458
459
460
461
462
463
464
465
466
467
466
469
470
XS8!
472
473
(X4
4rs
(%43
4rr
476
Lhyy
480
481
4 g2
“83
484
L85
4 86
487
488
429
499
491
492
433
494
495
496
497
H 98
499
500
501
502
503
534
505
506
507
598
509
51
511
312
513
S1i4
515
556
517
518
519
520
52t
522
523%
524
525
526
S2r
528
529
510
531
532
533
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CALICHE LAYER CHARACTERISTICS,

YOP S0UNDARY CORDITION
FARLTER TN THIS ROUTINE ACTUAL SURFACE FLUX WAS SET EQUAL t@
POFENTIAL EVAPORATION OR RAIN

IF{THSF.LT.0.,02G0Y033D

OO0 O0

THSF GREATER THAN OR EQUAL TQ ZERG

CAN TWSF BE MEY WITH HMAXIMUM C(WETTEST) CONDITIONS?
TWHB {1 )=2PHHRET
THTHBOL)=PHT (PHMH)
GOTH340

oo0

370 CONT INUE
C  YH5F LESS THAN 7ERD
C (AN THSF BE HMET WITH MAXI#UM (DRIESTy CONDITEQNS?
THHB(1)=PWHORY
IMTHBOL)=PHLLIHM

340 CONTENUE

C  CALCULATE PRXC1)
TWTHC=THTHB (1)
IFCTRTHG +GT. PHT{PWNMI) THTHCzPRT{PHH)
IFUTHTHC oLT. PHLLIM) FHTHC=PWLLIM

€ PHY(THJA) AND PHT(TWJA+1) BRACKET TWYHC
THJA=STHTHC /PHDELW + .
IF{ENJA GE. PHM) THJA=PHM=1

C  CHECK EF WATER CONTENTS OF FIRST TWO NOBES ARE YERY CLOSE

HATR
WATR
WATR
KATR
HATR
WAFR
WATR
HATR
WATR
HATR
WATR
WATR
HATR
WATR
HWATR
WATR
WATR
WATR
HATR
KATR
HATR
WATR
HATR
HATR
WATR
HATR
WATR
HATR
HATR

IFC{THKSAL2) +GE. PHKSUM{THJIADY 2AND. (THKSAC?) JLE. PHKSUMCTNJA+LKATR

1 33) GO ¥0 350
C THAA 15 FOR INYERPOLATING
THAR=C THTHC=PRECTHIAY I /PHDELN
THKSACE ) =PHKSUMCTHIA T+ CPRKSUHCTHJA+ 1) =PRESUMCTHIA) J¥FHAA
THHHAL]1)=THHBC(1)
FHRC1I=CTHKSALZ )~ FHKSACL) )/ CTHHHAC2 3= THHHACLEY)
GG TD 360
350 PHE{1) = (PHKSUMCTHUAS L) =PUKSUM(THEAYY / (PHH(THJA+1)
1 ~PHHC(THJAD)
360 CONTINUE
THSFC=PHRCL ) *THDY #(THHB L1}~ THHB(Z)+9,833E=4 «CHOXX (1)} /CHOXX (L}
- FF{TWSF.LT.0.0)60T0270
IFCTRSFCL.GE.THSFIGOTO399Q
GOTO380
370 IFC¥MSFCLLE.THSFIGOTO%90

380 CONTERUE
C CANAKOFT MEET TWSF EVEN WITH MAXIKUM SURFACE CONDITIOGNS
THIN=.FALSE.,
THSFD=YHSF=THSFC
{HSF=TWSFC
C0TO0400

390 CONTENUE
C  rFAN MEET OR EXCEED DEMAND BUT THERE'S NO PODEINT FINOING MORE
€ ACCURATE VALUES FOR YWHB(L} OR PWK(1) STHCE NELYHER VEG NOR WATER
C USE EITHCR ONE.
THIN=,TRUE.
THSFD=0,0

4nQ CONTINUE

IF YESe DECREASE CONDUCTIVITY GREATLY AND PREVENT WATER MOVEMENT
WITHEN PROFILE. LEAVE CALICHE LAYER CONDUCTFIVEITY AS IS.
IFCLNOT. THFRZN)Y GO Y0 &20
[O410I=1sPHMN=2
410 PHKCDI =P UK(I)*1.E~6
470 CONFINUE

C
[
C CHECK IF PROFLILE FRDZEN
[
€

FND TOP BDUNDARY CONDITION CALCULATION

NOW, HAUL OUT THE MAEN EQUATIONS, CALCULATE THE COEFFICIENTS AND
FALL TOM (YHE TREI-DIAGONAL=MATRIX ROUTINE) TO DETERMINE FHE
PRESSURE HEAD AT THE PHN-2 NODES.

TPH AFRAED SGME OF THE NUMBERING IN HERE CAN BE CONFUSING. THE
PRESSURE AT NODES 2 THROUGH PHN-1 ARE DETERMEINED 8Y THE TOM
ROUTINE. AT NODDE 1. SURFACE FLUX DETERMENES PRESSURE ( TWHBC(1))
AND AT NODE PHN THE PRESSURE IS A CONSTANT NHICH IS READ EN.

NODES., THE FIRST VALUE IS FOR THE REGEON BETWEEN NODES 1 ANG 2»
AND THE LASTY VALUE, PWK(PMN=1}, 15 FOR THE REGION BETKEEN NODES

OO AONOoOO0OMONA 000

HATR
HAYR
WATR
WATR
HATR

CHATR

WATR
WATR
WATR
KATR
WATR
HATH
WATR
RATR
WATR
WATR
KATR
WATHR
KATR
KATR
WATR
WATR
WATR
HATR
WATR
HATR
HATR
WATR
HATR
HATR
WATR
WATR
WATR
HATR
HATR
WATR
WATR
WATR
HATR
KATR
HATR
HATR
HATR

GBRBB6866EIBEEB0BR868860B86808BBABBB0BA3BB66600300908A8CRBRBIRANGBARBEBHATR

WATR
WATR
WATR
WATH

EEF R EECE e EEEEEEEEEEFEEEEEEEEEFEEREEEEEEEEEECEEEECELEEEEEEEEEEEEEWATR

HATR
RATR
KATHR
WATR
HATR
KATR
HATR
WATR

THE CONDSCTIVIYIES ARE AVERAGES DVER TWDV FOR THE REGIONS BETWEEN THEWATR

HATR
WA TR

534
335
518
537
538
539
S4Q
541
542
543
544
545
546
S47
548
549
550
551
552
553
554
553
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
379
589
581
582
583
584
585
586
sar
588
589
590
591
592
593
594
595
596
597
598
5%9
600
601
6§02
603
604
6905
606
607
608
6409
610
611
612
613
614
6515
616
617
6§18
619
620
621
622
623
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C PHN~-1 AND PMN AND IS READ IN AND REPRESENTS THE CONMDUCTIVITY DF THE MATR
C CALICHE LAYER. THE WATER CAPACITY PHWC(I) I5 AN AVERAGE OVER TWDT HATR
C FOR A REGION CENTERED ON NODE I+ti. YALUES ARE NEEDED FOR NODES HATR
C ¥ THROUGH P#N<-t, THE THICKNESS OF A REGION CENTERED ON A& NOODE I+1 HATR
C IS5 LHDX(I3. VALUES ARE NEEDED FOR NODES 2 THROUGH PMN~1. HATR
C THERE IS FURTHER POSSIBILIYY FOR CONFUSION BECAUSE EQUATION I INM HATR
C TOM 15 FOR NODE I+1. HATR
C HATR
C TIT HAS BEEN DECIDED (NHOT BY ME OBYIDUSLY) THAT THE UNITS FOR HATR
C PRESSURE IN THIS SUBROUTINE ARE BARS. THUS, CONDUCTEVEITY HAS UNETS HATR
C NF {H+2 BAR~L DAY~1. WATER CAPACITY IS IN BAR-1. PRESSUHE HEABS HATR
C NUE TO HEIGHT DIFFERENCES MUST BE HULTEIPLIED BY 9.833E=4 BAR/CH HATR
C 70 GET BARS. To CONVERY YO PRESSURE UNITS IN CH HUST MULTIPLY HATR
€ TONDQUCTIVITY BY 9.833E~4 BAR/CH AND GET UNETS OF CM/DAY. CAN USE HATR
C PRESSURE DUE 70 HEIGHT DIFFEREKCES DIRECTLY IN €8, THE CONVERSION WATR
C FACTOR IS $.833E=-4 SAR/CH OR LOLY CH/BAR. HATR
c HATR
L0 &%) I=1i.,PHN=-1 WATR
THHACTY = PWKCED / CHOXXC(I) HATR

IF{! JEQ. PMN=-1) GO TO 430 HATR
THHBIT) = (2.*PHNCCIY*CHOACTY) 7 THOT HATR

430 CONTINUE HATR

C WITH TWHA AND TWHB GENERATE A8CD*3S FOR TOH HATR
Q0 44) =2, PHN=-3 KATR
THACIY = THHACE+1) HATR
THCCTY = THWACIL) HATR
THBCIY = TWHBLLI)+ TRACID«THC () KATR

440 YWDCEY = THHACE#L1)#(THHBCI)~THRACI)~THCCIY) ¢ THHACE)I=FHECL) HATR
Pt THHACT+Z J#THACT) ¢ 2 o{PYKCE) ~ PHEL{T#13) 9.8 33E~4 HATR

2 “2.*THTSPRCI)}/THDT KATR

C FCALCULATE FIRST AND LAST VYALUES HATR
TWACL) = THMALZ) HATR
TNCCLY = 0. HATR
THBC1) = THHB{L1) ¢ TWACL) HATR
EHDCLY = THHACZ)«(TWWBCEDI=THACL)) ¢ THHACIDI#TWA(L) HATR

I ¢ THSF#2./THDT “2.7PUK(2)a9.833E~4 WATR

2 =2.«TNTSPRCLI/THDT HATR
THA{PHN=2) = 0. HATR
FHC{PHN=2) = THHA(PHN=2) HATR
THB(PNN=2) = THHB(PMN=2) ¢ THCCPHH=“2} ¢THHA(PHN-1) HATR
THO(PMN~Z) = THHA(PHN=1)%(THHB(PHN=2)=THC{PHN~2)-THWA(PHMN~1)]} HWATR

L ¢ THHACPHN=Z)aTHCCPHEN~2) ¢ 2, «THHBE{PRNI*THHACPHN=1) HATR

2 +2.%(PHK(PHN=2)=PHUK(PHN~1Y} #9,B833E=¢ HATR

I =2, *THTSPROPHN=2)/THOT HATR

[ WATR
C FND EQUATISN SECTION HATHR
c HATR
c HATR
CEETEEEEERFREFEECEEEE EEEEEFFEfEEEEEFEEEEEEEEEEEEEEEEEEEEEEECEEEEEEEEEEEEWATR
c HATR
c HATR
CTTT Y Y Y Y EY TR P TTIT I I I T I T I I T T I v Y ITITTI TN APITIT T TITITIRTTRFTITTITITTITHATR
G CALL TRE TO CALCULATE PHH=-2 PRESSYRES FOR NODES 2 THROUGH PHN-1 HATR
CALL TDH{TWA, THB, THC, THD» THU, PHN=2) WATR

YT YT T ITT I TTT I T T Iy Iy Py Ty A v T T T IR T AN IIT IV TSI TITIITITI AT T ITTETTITITITVTITHATR
c HATR
c HATR
c HATR
C HATR
CHMMEM MM MMM MM HMHMH SN HE M B RH M S KA HH M HAHHHHHH MR M HHHHHE A TR
C HERE ARE SOME MISCELLANEDUS CHECKS, DECISIONS AND CALCULATIONS HATR
¢ HATH
C CALCULATE THETA FOR NODES 2 YO PHN-1 USING PRESSURE VALUES JuST HATR
C DABTAINED FROK TOH. USE WATER CAPACITY A LA HANKS. DELTA THETA= HATR
€ DELIA PRESSURE FIHES WATER CAPACIYY. HATR
c HATR
DO450T=2,PHN-1 WATHR
IHTHBOII=THTHACI Y ¢PHRCE T -1 {TWUCTI~1}=-THHA(I)) HATR
IFCINTHECT) .GT, PHTCPHM)) THTHBCIY=PHT(PHK) HATR
IFCTHTHBCT) JLT. PALLIMY THUTHB(T )=PHLLIK HATR

450 CONE INUE HATR

c HATR
C CALECHLATE TWHB FRON TWTHS KATR
[O4B0T=2,PHN-] WATR
THJA=STHTHBC D) /PROELM 4L, HATR
IFCYHIA JGE. PHN) THJA=PHM=] WATR
THAA=(THTHBCI)=PHTELTHIA YIS PUHDELN WATR

460 THHECII=PHHL{TRJAI ¢ (PHHLTHIA L) = PHHCTRJA) )« THAA HATR

[ HATR
< HATR
C THECK IF AKY DELYA THETA'S TOO LARGE. IF YES, REDUCE THDT HATR
DO4FOE=2,PHN~1 HATR
S=ABS{TWTHB (I} -TWTHACE) ) HATHR
IFC(S.GT.PHTLIN)IGOTO4BD HATR

470 CONT INUE HATR
G¢ T0 510 HATR

WRO IF(THIN.GE.2)507T0550 HATR
THOTO=TWOT HATR
TWDT=THDT*0 .O*PRTLIN/S HATR
THIN=TH ¥+ L HATR

€ DMEN*Y LET TWOT GET SHMALLER THAM 30 MINUTES HATR

624
625
626
627
626
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
6 b4
645
646
Gar
648
§49
650
651
652
653
654
655
636
657
658
659
660
661
662
663
664
£65
666
667
668
669
670
671
672
673
6756
675
676
677
678
ary
680
681
682
683
684
685
686
687
688
689
690
691
697
693
696
695
696
697
§98
699
700
7ot
762
703
764
705
706
7or
708
799
710
T11
712
713
714
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IFCTHDT LY. 0.02083)TWOT=0.02083 KATR
R=THWDT/THDYQ WATR

490 L0500[=2,PHN=1 WATR
THHOCT Y=TWHACT J¢CTRHBCT )= THHACI ) }oR MATR

500 TWTHBCII=THTHACID ¢ CTHTHBLI)I=THTHAC]I))*R WATR
&0 10 130 WATR

510 CONYENUE WATR

c WATR
c WATR
C CHECK WATER BALANCE HATR
C WATR
TASFB=~PWKCAL*THDT#({THHBC(PHN=1) ¢ THHA(PHN=1)) =« ,5 WATR

1 +9.833E“4*CHDXXCPHN=1) = TWHB(PHN)) /7 CHOXX(PMN-1} HATR

C NATR
[ HATR
CALL WBALL THTSPR, THSF. THSFB, TWiHA» THTHB. CHOYX, PHN. HATR

1 THHINs TWSTRDs R} KATR

C HATR
IFCTWOT.LT.0.05)G0T70520 HATR

C WAYER IS5 SOMETIMES NOY CONSERVED HATR
C MHEN THIS IS THE EASE, HALVE TWDT. KATR
FFCLR +GYs 9943 +OR. (ABSC(TWNWIN-TWSTRD} .LT. 0.006) WATR

1 JORJLOABSC(R=1.).LT.0.01))GATY0520 WATR
THOT=0.5+THDT HATR

R=0.5 WATR
GOT3490 WATR

520 CONTINUE WATR

[ WATR
PLLLGEEELELLLLLLEELEL LELLESLERLLL LR L ELLEELEL L ELLLELLELELELLELEL LT EF R 13
c HATR
c WATR
C WATR
C KATR
CHHNHH AW WA R WA N RN H A RN HH N A R HEE WA W H AN AR XHUN R HATR
C THIS IS5 THE WRAP UP SECTION. ©ONCE WE'RE HERE ¥E EITHER RETURN TO WATR
€ PCALLENG PROGRAK OR DD ARQTHER TWDT. HATR
C HATR
C WA TR
[» HATR
C MNEBLGGING HATR
IFC(+%0T. FLGFLG)Y +0R. C(.NOT. DBGFLGH) GO 70 550 HATR
Y=HTTHE(Z?} WATR
WRITECL1+530) FHOT»THR THRP, THRAINTHONE» THINSTHSTND» THSF » KATR

1 THIH - THHINSTHSTROSR,Y WATHR
WRITEC{L1,548) THTHE, THHE KATR

5%0 FORMATLF W *+2E943s4L1sF5.24E94 313" TWWINs THWSTRD, RATIO*» HWATR

1 IF9.4s' CPY YIME=',FY.2) WATR

540 FORHATC(* W THYHB=r, I0F5,3, ¢ TYHB=*, tQFR.2) HATR
550 CONTINUE WATR

C FND DEBUGGENG WATR
[% WATR
C SET SOHME VALUES UP FOR REXT THDT. HATR
THOTP=FHDT KATR
THRP=THRAIN WATR
THWONE=.FALSE. HATR

DG 363 [=1,PHN=1 WATR
THHACT)=THHBCT ) HATR
TROTHP{I)=THTHBC(I )=TWTHACT) WAYR
TRHTHACIY=THTHBLL) WATR

563 CONTINUE WATR

C WATR
C HATR
€ TCWIKF IS THE NET TOP SURFACE FLUX =~ DOES NOT INCLUDE TRANSPIRAYION WATR
CRINF=CHINF +THSF WATR

[ WATR
c KATR
€ TWSFBY IS NET BOTTOM SURFACE FLUX FOR PKOY, OQUT [S MINUS WATR
THSF8T = TWSFBT + TWSF8 WATR

[ WATR
C CHELX FOR FROZEN SOTIL MATR
EF(.HOT. TWFRZN) G8& TO 570 WATR
THSYND=THSTND+TWHR WATR
THR=0.0 HATR

GO YO 620 WATR

570 CONTENUE WATH

C KATR
G ANY STANDING WATER? WATR
EFCTHINY GO YO 5890 HATR

€ TYHSFD = RAIN + STANDEING WATER ~ EVAPORATEION - ACTUAL SURFACE FLUX WATR
INSTND=THSFO*{ 0.« PHANRFe«THDT RATR

EF (TWSTHD .LT. Q.0) THSTHND=0.Q KATR

60 TO 590 WATR

S5R0 THSTND=Q.0 WATR
590 CONTINUE KATR

[ HATR
C MNETERMINE AMOUNT OF RAIN REMAINING TO INFILTRATE. WATR
&M0 THR=TWR=~ZRINT+IWDT=24, WATR
650 EFCTHR .LT. 0.0} FHWR=0.0 HWATR

c WATR
670 CONTTHUE KATR

715
716
ri7
718
rils
720
721
722
T2
724
725
726
rar
28
ra29
730
T3t
732
713
734
7315
736
T37
738
739
T 4D
T4l
742
T4hl
74k
745
Tag
a7
T 48
749
750
(41}
752
753
754
755
756
757
7458
759
Ts0
761
Te2
T63
764
765
766
Te?
768
769
770
it
rre
rr3
TTé
775
776
rrr
778
779
780
781
Te2
783
784
7as
786
414
748
789
790
791
Tz
793
794
795
796
797
798
799
8400
801
802
a03
604
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XMSTHD=THSTNG WATR
c WATR
€ CALCULATE SUM OF TRANSPIRATION, CH WATR
£O 631 [=1,PHN=-2 WATR

5%0 THTHISCII=THTHTS{E)}+THTSPRCI) HATR

< HATR
C RESET FTIMING WATR
THTTOF=YHITOT+THDT WATR

c HATR
IFCABSCCTHTTOT=PHDT}/PHDT) oGT. 0,002} GO TO 60 WATR

WATR

C FND HRAF UP SECTION FOR TWOTY WATR
CHNWHMMH WY HHNHHRWRHN Y NN RR N HWR N W R WS KW R WY W R HH W R KR AW A AR R WA TR
¢ HATR
¢ WATR
c WATR
c WATHR
CFFFFEFSFFFFFFFFFFFFFFFFFFFFFFFFFFFFEFFFFFFFFFEFFFFFFFFEFFFFFEFFFFFEFFFFHATR
€ THES I5 YHE FINAL SECTION WATR
C PO THE LAST COUPLE OF THINGS NECESSARY BEFORE RETURNING . WATH
C WATR
DOSLOT=1+PHN-2 WA TR
XRTHTACIIETHTHBCT+1) HATR

540 CHPSI{TI=THHBLL+1) WATR

c WATR
c HATR
€ WATR
€ DEBLGGING WATR
IF(.NOT. DBGFLG) GO YD 660 MATR

€ THECK MATER BALANCE FOR THIS PMDT WATR
CALL WBALC THTHTS, CWINF, THSFBT. THTHAA, THIHB, CHDX, PHN, WATR

1 ETWAIN, TWSTRD. R) HATR
HRITECLE50) XWTHY AsCHPSI» TRTHIS,CHINF . THHIN S THS TRO 5 R WATR

650 FORMATCY WM XHTHTA=', JOFS.3. ¢ CHPSI=(+10F6.25/»' WW THTHTS=+ WATR

L » 10F6.4s 7+ CHINF=t,F8.bs® THWIN, FMSTRO,RATIO! ,3F8.4) HATR

860 CONTINUE WATR

¢ WATR
C FND DEBUSGENG WATR
c WATR
¢ WATH
c WATR
C FND FINAL SECTIBN WATR
CFFFFFFFFFFFFFFFFFEFFFFFFFFFEFFFFFFFFFERFFFFEFEFFFAFFFFFFFFFEYFFFFFFFFFFHATR
c HATR
¢ HATR
C HATR
RETURY KATR

HATR

c WATR

CEEFEEEECE e EFCEECEEEEEEEEEEEELEEEREFEECERELEFECEEEEEfCEEEEELEEEEEEEEEENATR
CLEVEEEEEEEEECEFFE EECEEEEEEEEEFEFECEFFEERREEECRELLECCEEEECEEEEELEECEEEEHATR

CLEFEEEEECECELEEEEEEEEEFEEEEEFEEEEEEErEEEEECEEEECEECEEPEEECEEECEEEEEEEEHATR
¢ HATR
ENTRY WINITY HWATR
¢ HATR
CRAPARKRARARRRRAARRRARRARARRRRARRRRRRARARRRARRARRRRRRRRRRRRARRARARARARRARHATR
C THIS ENTRY POINT [S CALLED ONCE FROM MAEN. VARIABLES PECULIAR TQ HATR
C W®ATER ARE READ IN HERE AND PRINYED OUt FROH HERE BOTH F0 GET THESE HATR
€ DATA LISTED AS PART §F YHE PROGRAM AND TO SERVE AS A OATA CHECK. HATR
C Y NEED TO READ: PHDELW» K<THETA TABLEs H-THEYA TABLE, PWKCALs HATR
C PHH, THWTHBCL0)» TWHB(:0)» PWHORY, PHHHWET, HATR
€ CrONSTANT PRESSURE OF CALICHE READ IN AS TWHB(PHMN) WATR
€ MyST ALSD READ IN THSEIND, PHYLIM, PWRNRF WATR
C WATR
€ PEAL AND WRITE DATA AND ACCOMPANYING COMMENTS WATR
READ(S,670)THCEC HATR
HRIYE(E,680) HATR
WRIFECH»B90}THCCE HATR
WRITECG-700) HATR
[ HATR
READ(S+B70ITHCCC HATR
WRITE{6»690)TNCCC HATR
READ (5 FIPHDELW HATR
NRITE(6+710IPHDELM HATR
WRITE(H»700) WATR
c HATR
READ(S» 679)THCCC HATR
HRITECG-690 ) THECT HATR
KREADC(S /)P W WATR
WRITECG» 720 )PHH HATR
WRITECS T30 ) WATR
c KATR
READC5,670)THCCE HATR
WRITE(6+B630)ITHLLC HATR
READ(S» / IPHKL AL HATR
WRITEC 62720 PNKEAL HATR
WRITEC6,700) HATR
[ HATR
READ(5+670)THCCC HATR

WRITECS,690)THCCC HATR

805
806
agr
308
ag9
810
&1L
812
513
814
815
816
817
8186
819
820
821
a2z
8232
824
425
826
azr
528
829
830
81
832
833
834
835
835
a1r
818
839
840
LES
g42
a4y
844
863
846
X4
848
849
850
851
852
853
854
855
856
857
558
839
860
861
862
863
864
865
866
867
868
8569
8790
8ri
are
873
874
875
876
8rt
ars
879
880
881
882
883
884
aes
886
887
age
889
490
891
ag2
593
894
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67TQ
680
690
g
710
770
7

C  FND REABING

READCS s/ IPNKIN
WRITECE»720)PHKIN
WRITECG, 700}

KEAD(S,6T0THCECC
WRITE{G»690)THCCC

READ(S,/ IPHHDRY ,PHHWET
WRETECG6sT10)PNHDRY > PHHHET

WRITEC65700)

READ(5,670)THCCE
WRITECG6, 690 3THCCE
KEADLS» / IPHN
WRITECG»7TI0DIPHH
HRITECE,700)

HEAD(S»670)THCCLT
KRITEC6,690)THCCC
READ(S, 7 PWTLIN
MRITECG»T10IPHTLIH
WREITECH,700)

READ(S,670}) THCCC
KRITECE,690) THCCE
READ(S,/) PHLLIM
WRETECE»710) PWULLIN
WRITEC(6.,700)

READCS 670 )THCLC
RRITECG »690ITHLCC
READ (5,7 P HRNRF
HRITECE,710)IPHRNAF
HRITECH,700)

READ{5,670)THCCT
WRETECG+B69CQIFNCCC
READ(S, /7 }THSTND
HRITE(G, 710ITHSTND
WHRITEC5,700)

READ(S,670THCCC
WRITEL{h»6%0)THCCC
READ(S,/)THTHE
WRITECST10ITHTHE
WRITECB,T00)

FORMAT(Z20A4)
FORMAY(///77)
FORMAE(Y 9,2044)
FORHAT(* ')
FORMATC! *,10F12.5)
FORMATC* *,10E12.4)
FORKATCY *) I5)

82

AND WRITING INITIAL DATA FOR WAYER

WATR
HATR
HATR
WATR
WATHR
WATR
KATR
WATR
WATR
WATR
WATR
KATR
KATR
KATR
WATR
WATR
WATR
HATR
WATR
KWATR
WATH
KATR
WATR
KATR
WATR
KATR
WATR
WATR
RATR
WATR
WATR
WATR
KATR
KATR
HATR
WATR
HATR
KATR
WATR
HATR
KATR
KATR
HATR
HATR
WATR
HATR
WATR
WATHR
HATR
WATR
WATR
KATR
WATR
HATR
HATR

C
CRAPRARARRRRRARARRRRRARRARRKRARRRRRRARRRRARRARRARAMRARRARAAARARRARKRRRARANATR

[

C
CIITITII LTI T IT I LTI dT I TR I e e e T eI EY LTI LERITIEILY
SOME INITIAL IRITIALIZING

OooOOoOoOn 0o

STEF.

TRARP=.FALSE.
THONE= .F ALSE.
THDT=PHDT
THDTP=PNDT

C SET UP DEBUGGING

TagQ

2=90.0

FLGFLG=,FALSE.,
IFC(DEFUYGL +LT+ 100.}
FLGFLG=.TRUE.

CEBUGL=0EBUGLI~100.
CONTINUE

TF TWRP [S TRUE THERE WAS RAIN IN LAST
Tew JUST INITIALIZING IT HERE.

TWDTY,

ANOTHER USE 8F THIS ENYRY POINT 135 TO DD CALCULATIONS WHICH WIEL
RE LONE OHLY ONCE FOR THE SIMULATION.

THE WATER IRTEANAL TIRE

C tOAL CALICHE LAYER CONDUCVEIVITY EN PHK(PKN=1). THIS 15 REGION

C AETWEEN NODES PMN=1 AND PHMN.

PWK{PMN“1)=PWKCAL

WATR
HATR
HATR
MATH
WATR
WATR
HATR
WATR
HATR
WATR
WATR
WATR
KATR
WATR
WATR
HATR
WATR
HATR
HATR
WATR
HATR
HATR
HATR
WATR
HATR
KATR

CEITRI I T I I E R I R I IR IR D e R I I T e R EECT I SR ITILEITITIINTATRINALR

NoaOOoDon

HETHOD IS FROM HANKS AND HOWERS 19632,
NIFFUSIYITY FROM CONDUCYIYITY AND THEN GETTENG THE AYERAGE

HARKS SEES IT AS CALCULATING

HATR
WATR

KERKK RN KKK K KRR RN KKKH KKK KRR K KKK KK KKK KKK KK KKK RK KKK KKK KKK HATR
SECTION T¢ SET UP CALCULATION FOR AN AVERAGE CONDUCTIVETY

HATR
HATR
WATR
HATR

895
896
897
898
899
900
901
902
2032
64
9495
906
907
208
909
910
911
912
P13
914
%15
916
917
918
219
220
g2t
222
923
924
225
926
9ar
928
929
930
9351
932
9132
934
934
9 16
37
918
919

F 940

94t
942
43
944
945
946
Fuy
948
949
950
251
952
952
954
955
P56
957
958
959
260
761
962
963
964
965
966
967
968
969
270
971
972
973
74
975
975
917
28
279
980
361
982
903
984
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FONELUCTEVITY BACK FROM DIFFUSIVITY, THIS IS INGEED A "ROUND HATR 985
ABOLT™ WAY AS HE PYTS IT. IF YOU GO THROUGH THE ALGEBRAS HATR 986
THE CONDUCTIVITY USED IS AN AVERAGE WEIGHTED WITH RESPECT TO PRESSURENATR 947
TN TALKING WITH HANKS ON 6-26+74 HE SAED THIS CONDUCTIVITY KATR 988
CALCULAYION 1S ONE OF THE MAIN TRICKS OF HIS PROGRAM. HE TRIED MANY WAYR 989
APPRDACHES BEFQRE HE FOUND THIS DNE WHICH WORNED. THE PROBLEM SELHS HATR 999
TO EE THAT COKDUGCTIVETY IS EXTREMELY VARTABLE AND AN YNKEIGHTED WATR 931
AVERAGE 3ASED ON VOLUMETRIC WATER CONTENT GIVES YOO HMIGH A VALUE, WATR 992
JF {HE WETTYING FRONT IS GETWEEN TWO NODES, E.G.» THE CONDUCTIVITY AT WATR 993
THE WET HODE MIGHT BE 1000 TIMES HIGHER THAN AT THE ORY NODE. KATR 994
N UNWEIGHTED AVERAGE CONOUCTEVITY WOULD Bf ABOUY HALF THE WETY HATR 995
VALLE BUF A USEFUL AVERAGE CONDUCTIVITY I5 CLDSER T& THE DRY VALUE. HATR g99g
HATR 997
PHT IS5 AN ARRAY CONTAINING THE VALUES OF THETA HATR 998
L0 750 I=1, PKH WATR 939
THI = =t HATRLO 00
750 FHRT(IY=THI=PWDELM WATRLOO1
HATR 1002
CALCULATE INETTAL TWHB VALUES FROM THTHS VALUES JUST READ IN. NATRLOO3S
00 760 I=1.PHN HATRL1O04
THIA=THTHBCI)/PHDELN + 3, HATRLIQOS
IFCTHIA JGEW PHM) THIA=PHM=1 HATR1p06
THAASCTHTHBCT ) =PHYCTHIAY) / PHDELMW KATRLl007
TEO FHHBCLI)=PHHCIHIAI 4 {PHHC THIA+1 ) =PWHC THIA) JxTHAA KATR1Q08
HATRLOO9
CALCULAYE SUM OF CONDUCTEVITY TIHES DELTA PRESSURE WATRLO1O
FHESUMCL )=(PHRTNCLD ¢ PHKINCZ Y ) w (PHHC2)~PHH(L) 30,5 HATR1Q 11
00 77) I=2+PWH=~1 HATRLOEZ
770 PHKSUMCT Y=(PHKINCT }+PHRINCI 1) 3#{PHH{T+1)=PHH{T) )*0.5 +PHKSUNCI=1)HATRIG13
THIS GIVES US FHH-1 VALUES FO PWKSUM. [ NEED PWH YALUES. HOKE up HATRIOLG
EAST VALUE BY MAKING DIFFERENCE BETWEEN PuM AND PWH=1 VALUES SAME AS WATRLO1S
BETWEEN PH¥~1l AND PWH-2 VALUES. HATR1D16
PHESUMCP WM 3 =2 , s PHKSUMCPH N1 J=PHKSUX (PHH=2) WATR101L7
WATR1GQ 18
RATR1019
WRITE(65780} WATR1020
7RG FORMATCY PHKSUM, SUM OF CONDUCTIVIFY TEIHES DELTA PRESSURE®) WATRLGZ2L
KRITE(G»720) PHKSUM KATRLQ22
WRITE(G+700) HATR1IDZS
HATRIQZ4
READCS»670)TKECE WATR1G25
WRITEC 6690 )THCCC RATRIQ 26
WRITE(H-680) HATR1G27
HATR1028
FND SECYION TG SET UP CONDUCTEVITY CALCYLATION WATR1029

CKXKKKKKKKKKKKKKKKKERKKKRKKKKKKKK KK KK KKK KRR RN KKKKKS KKKKKKKK KKK KKK KKKKWATR 30 30
CCCFCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCECCCCCCCCCCCCCCCCHﬂTRlOSl
CCCrCCeCCeCeCCttCeCeCCCCCLCCOCLELCCECCCCCCOCCCLTCLCCCCCCCCEOCCCCCECCCCCWATRED SR

C

OO OOMN OO0

RE TURN
EXD

SusrouTINE WBAL

SUBROUTINE wBAL( TSPR, SF, SFu, THTAl, THTAF, Dx, PHN, WIN,
1 WETRD, RATIO)

THIS FUNMCTION CHMECKS wATER BALANCE OF & TIME PERIOD
TSPR 15 TRANSPIRATION, Cw

5F 1% TOP SURFALE FLUX {IN IS +3

5FB I8 BOTTOM SURFACE FLUX (In 1§ ¢)

THYAL I8 THETA INITIAL » CM/CHm

THTAF 15 TmETA FINALy CM/CM

DX IS THICKNESSES OF LAYERS, CM

PMN 15 NUMBER OF S01L NODES

DIMENSTON TSPR(PMN) p THTAJ(PMN) , THTAF (PMN) DX [PMN)
anQ,0

wSTROE0,0

DOL1GGImt ,PHMe?

ASA+TIFR(ID

£00 KSTRDEWSTRD# (THYAF(Io i uTHTAL(I+1) ) 40X {1}

wIN = SF » & + S§FB8
IF(ABS(WSTRD].LT,i.E-S)RATIO’?Q.QO??
IF(ABS (w8THD) ,GE 1 ,E«3)RATIOEWIN/NSTRD
RETURN

END

HATR L0 33
HATR1Q 34
WATR103S
wial 01f
wBAL (2
wBalL 03
wBAL 04
wBAL 05
nBAL 06
WAL 07
wB8AL 08
WBAL 09
wBAL {0
waal 11
wBAL t2
wBAL 13
wBAL 14
wBAL iS5
wWhal ib
wBAL {7
HBAL 18
whaAL {9
wBal 20
wBAL 21
WAL 22

WBAL

Modeling
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Funcrion WTIME

FUNEYION WTIME(Z)

MARCH 1976 PAYL [ OMMEN
THIS FUNCTION SIMPLY OETERMINES CPUTIME IN SECONDS, TIHE(2) I8 AN

INTRINSIC FUNCTION,
I HAD Y0 DO IT THIS wAY SECAUSE

TIME 18 A VARIABLE NAME WE!YE

ALREADY USED AND IS8 IN THE COMMON BLOCKX,

TIME(2) I8 IN 60THS GF A SECOND,
WTIME®Q ,0lbb6TRTIME(R)
RETURN
END

0.0ie666781/860

WTH
WYM
wT™
WT™
wTM
wTH
WTH
rTM
WM
wTM

0§00
d200
0300
0404
0500
0600
0100
0890
0900
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 thvough top}; = -K —gizi, (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 em-day™';

K

soil hydraulic conductivity, ecm® bar -day™";

H = soil hydraulic potential head, bars {includes matric
potential plus gravitational potential);

z = depth in soil, om.

Now fill out Equation C-3 as a difference equation:

(water in through top)i

R B VN
S SSROR B i P O it B0 S TR
(‘\ziu] i-1 21_]7
2 :
* * 7
P LR 26“'21‘-]_>
=K - 20, (C-4)
H 7oA,
H
where
by = soil matric water potential (hereafter SWP) of
layer i at beginning of time-step of length At
days, located at the node in the center of layer i;
hj 1 = SWP of layer i—! at beginning of At

hf = SWPoflayeriatendof At;
SWPof layer i—1 atend of At;
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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);
constant to convert gravitational contribution
to total soil hydraulic potential heat from cm
water potential to bars, 9.833 x 10~
bar-em™!;

= distance from node i to node i+1.

Ki 1

A Zi_ Ly
Similarly:

(water out through bottom),

* * .
sy = Py * By - By - 260z, )
= Ky) : (C-5)
'2“ 2A2i+l
2
Transpiration in em-day™! is
T
(transpiration)i 5T (C-6)
where
T; = transpiration removed from layer i during At,
centimeters.
Water stored in cm-day™ is
{water stored), = ([f‘iiﬁi),
at
R T AL (C-7)
At
where
Agy = change in theta of layer i during At, dimension-
less (6 ; = cm waterinlayer i + cm soil in layer
i)
A x; = thickness of layer i, cm;
54 = specific water capacity of layer i during At,

bart, Si = A 63/ ARy

In the same manner as in the HEAT subrmodel, combine
Equations C-4, C-5, C-6 and C-7 with Equation C-2, After
several lines of algebra we get

* E3 *
iy PRy - Aghiy = Dy {C-8)
where
Se1
e 2 (C-9)
!,\Z_Evl
2
Ki+]
T (C-10)
M2y
H
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By = A+ Cy o+ S5 B (C-11)
At
ZSi &,
Dy =y b o Ay iy Ry Ay ¢ 26 (K - Ky
77
2 (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 laver is the surface flux, as calculated in lines 537
through 594 of WATER, divided by A t. Then, A, B,, C, and
D, are determined 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 equationsfor A, B, C, D for all layers,

It is first convenient to define:
M = number of layers;
Y, = K, , /hz, H
i i-1 i-1
7 3 (C-13)
Ry =25, bz./at. (C-14)

The result is a set of M equations of the form shown in
Equation C-8, which form a tridiagonal matrix, where

Ay =Yy fordi=t, oo M-,
=0 fori=H, {C-15}
c; =0 for i = 13
S¥y fordea, ..M (C-16)
B].=Y2+R] for i = 1;
=Y1‘+Yz’+]+Ri for i =2, . .., {C-17)
D, = ho(Ry=V,) + k¥, + 20 - 268, - 2T, for i = 1
i” M 272 T3t 37 N i
2 At
TR T g g Yy Ry Vi 2K - KD -
;
2T, for i = 2y o .., M1,
B
~ wH
= Ry = Yy = Y ¥ by Yoot gy (2 )
F 26K, | - K)o 2T for i =M,
el T St T R
Z z (C-18)
where
F = surface flux into top layer during At, cm;
hyg 31 = 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)

i I

At ™OT

F TWSF
G 9.833E-4
H PMN-2
Ki_l PWR(T)

z

Ryt TWHA{ T+2)
*

L TWHB(1+2)
ke

M4 TWHB { PMN)
8z 4 CHDXX(T)

7

X CHDX(I)
5 PHMC{T)
T TWTSPR{I)
¥, TWWA{I) = PHK(I}/CHDXX(1}
R, TWWB{I) = 2. *PWHC(I)*CHDX{1}/TWOT
A, TWA{1}

B; THB{1)

¢ THC{1)

n. TWh{1})

Equation C-15 becomes

TWA{T)Y = THHA(I+1) for T =1, .y PMN -3 (C-19)
=0 for 1 = PMN-2,
Equation C-16 becomes
THE{I} = 0 for [ = 1;
s TWNACT) for 1 =2, . ., . , PH-2, (C-20)
Equation C-17 becomes
TWB(E) = TWWA(Z) + TWMB{1) for 1 = 1,
= TWWACL) + TWHA(T+1) + TWWB(I)
for [ =2, ..., PMi-2, (C-21)

And tinally, Equation C-18 becomes

THD(I) = TWHA(Z)*(TUMB(1) - TWWA{2})
STHHAL3 DS THHA(2) + 2. *TWSF/THDT
-2.%9.833E~A*PUK{Z) - 2.%THTSPR(1}/TWDT

for I =1;



TWHA (I+91)*{TWWB(1} - TWWA{1) - TWKA{I+)))
STHHA(T)*THNA{E) + TWHA{ [+2)*TWHA(T1+1)
+2.%9.833E-4%(PUK(1) - PWK{I+1})

~2 *THTSPR{1)/TWBT

for 1 =2, . . ., PMN-3;

THHA(PHN-T3%{TWNB(PMM-2) - TWHA(PMN-2) - THHA(PMN-1))
FTHHA(PHN=2)% TWWA(PMN-2) + 2. *THHB{PMN)* THHA(PMN-1)
+2.%9 . B33E-4% (PWK(PMN-2) - PUK(PMN-1) -2. TWTSPR(PHN-2)/TWDT

for [ = 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 tridiagonal
matrix subreutine which solves them.

Modeling
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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 (1857, page 103).

00 16 %2, Nw}
DD = 8{1) = C{I}*E(I=1}
ECi} = a{l]) / CC
10 FCI) m € DCR) + C{IXaF{le}) )} / 0O

Modeling

Briefly, this routine goes forward through the equations
once, eliminating the U{]) for the smallest J at each step. At
the N1 equation, one is left with two equations in two
unknowns. Then U{]) 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 ID’s are the constant, right-hand
sides of the equations. The U’s are the solutions. A, B, C, DD
must be evaluated in the routine which calls TDM.

PROGRAM DESCRIPTION

To illustrate the method of solution, first write out the
equations:

Blth - Aqth == I)h (I)-i.l)
""CQU[ + BgUp_ — AQU(} = Dg, (D-I.Z}
onn C;;Ug + B:;U:, — AnU.g = D3, {D-1.3}

—_ CNUN——l + BNUN = Dn- {D-1.N)

TOM 3t
TOM 32

If Equation D-1.1 is divided by B,, we get

U; — (A,/B,)U, = D,/B,, (b-2)
transposing we get
U, = (A/B)U, + (D/B)=E, U, + F.. (D-3)

TOM 33
TOM 34
TOM 35
Tom 38

To see how these equations came about, substitute
Equation D-3 into Equation D-1.2 and solve for U,:

~CfE U, + F,] + B:U; — AU = Dy,
(B: —C.ENU, = D; + AU, + X,F,,

or U, = E,U; + F,, (D-4)
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where
E; = A, /(B, — C,E)), (D-5)
and
F, = (D, + C.F.}/(B, — G,E,). (D-8)

Continuing in this manner, we get

E; = A;/DD, (D7)
F; = (D; + C;F;_1)/DD, (D-8)
where
DD = (B; — GE;__1) (D-9)
and
U; = E; Upgp + By (B-10)

The quantity DD is not subscripted because it is not
needed again.

UCNY ® € CORI*F{Nw1) % D{NY ) / ( BUN) = CONI*E{Ns1) ) T0M 37
The last equation generated in the DO loop just discussed
is
UN—1 = EN—1UN + FN—1- (D-11)
Substitute Equation D-11 into Equation D-1.N:

—CNI[EN..1UN T+ FN_i]+ By Un = Dy,
Un = (CNFN...1 T DN)/(Bny — CNEN..1),  (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, Uy
is thus determined.

len TOM 38
20 Isle=y YoM 39
YOI} = yCI+t) « E{I} ¢ F(]I) 0N 40
IF ¢ 1 ,67, 1 ) GO T0 20 TOM U1

Once we know Uy from Equation D-12, then from
Equation D-11 we get Up_1. Proceeding backwards using
Eguation D-10 for I = N—2, N—3, . .., 2, 1, we deter-
mine the remainder of the U's.
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COMPLETE PROGRAM LISTING

SUBROUTINE TDM(As By Cy Oy Uy N)

MARCH 1974 PALUL LOMMEN

TH1§ SUBROUTINE SOLYVEB A SET OF N LINEAR EQUATIONS IN N UNKNDWNS

IF THE COEFFICIENTS OF THE UNKNOWNS FORM A TRI«DIAGONAL MATRIX,
ODIFFERENCE FQUATION APPROXIMATIONS YO THE DIFFUBION EQUATION ARE
TYPICALLY OF YHE TRIWDIAGONAL TYPE, THMERE ARE SEVERAL MEANS OF
SULVING BUCH A SEY OF EQUATIONS, THE MOST STRALGHTFORMARD, AND THE
ONE THAT [ USE HERE AND HANKS USES IN SEVERAL OF HIB MODELS COMES
FROM, ROBERY D, RICHMIMYER, 1957, DIFFERENCE METHODS FOR
INITIAL=VALUE PROBLEMS, INTERSCIENCE PUBLISHERS, INC,. NEW YORK,
SEE #4GE 103, NOTATION USED WERE IS RICHTMYERS!,

BRIEFLY, YTHIS8 ROUTINE GOES FORWARD THROUGH THE EQUATIONS GNCE,
ELIMINATING THE LU{J) FOR THE SMALLEST J AT EACH 8TEP, AT THE
Nwl EQUATION GNE 18 LEFY WITH 2 EQUATIONB N 2 UNKNOWNS, THEN
U(N) 15 SOLVED FOR AND THEN YHE ROUTINE GOES BACKKARDS THROUGH THE
EQUATIONS SOLVING FOR & vALUE OF U AT EALH STEP,

why C wCy ARE THE COEFFICIENTS OF THE U'S TO THE RIGHT OF THE MAIN
CLAGONAL, ON YHE DIAGONAL AND YO THE LEFY OF THE DIAGONAL
RESPECTIVELY, ThE O!'S ARE THE CONSYANY, RIGHT HAND 8IDES OF THE
EQUATIONS, THE U'8 ARE WHAT 15 SOLVED FOR, Ay Be €1 D MUST
BE EVALUATED IN THE ROUTINE WHILHM CALLS TOM,

DIMENSION A{20), B(20}, £(20), D{20), E(20}, ¥(20), Ul20)
ECL) 3 A{1) /7 B(Y)
Fei) = D(3) + B

00 10 Im2, Nej
o0 = 8(1) w CIIRECIm])
ECI) = A1) + DO
10 FOI) % ( DCI) « C{I)«F(iwi) > / DD
VINY & C CONI®F(NwL) & DINY 3 / € BIN) = CONI®E(N=1)} )
lan
20 Izle}
UCT) = uCies) = EC1) o F(I)
1IF (1 .67, 1) GO YO 20
RETURN
END

LITERATURE CITED

RicurMmyer, R D). 1957, Difference methods for initial value
problems. Interscience Publ., New York.
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TDM
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TOH
TOH
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