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This report describes a portion of the Desert Biome Water
Response Ecosystem Model. Five Research Memoranda
comprise the full description: Introduction and support
programs (BM 76-36); Abiotic submodels (RM 76-37);
Animal submodel (RM 78-38); Perennial plant, nitrogen
and decomposition submodels (RM 76-39); and Annual
plant submodel (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
Fl, F3 and FTAVE are contained in Research
Memorandum 76-36, Programming phase of water response
ecosystem model: 1. Introduction and support programs.
The relationships between various sections of the model,
their interactions and location in the report series are
summarized in Table 1 of RM 76-36.




INTRODUCTION

As pointed out by Wilkin et al. (1975), the Water Re-
sponse Ecosystem Model is a compromise between “general-
purpose” and “question-oriented” models. It is an eco-
system-level model constrained in its design to answer the
following a priori question:

What is the effect on the annual, above-ground
phytomass on the five validation sites of increasing
or decreasing the annual water input above or
below the long-term pattern now prevailing?

For further details, definitions and constraints implied by
this question see Wilkin et al. (1975),

ARRANGEMENT OF MATERIAL

The full description of the Water Response Ecosystem
Model comprises five Research Memoranda. This particular
memorandum provides background information including
model objective, arrangement of material in these five
memoranda and naming convention for FORTRAN
variables. It also briefly describes the MAIN bookkeeping
program, and fully describes mathematical support
programs F1, F3 and FTAVE. (These last three programs
are described here because of their frequent use by various
submodels, )

The other four Research Memoranda are: Abiotic
Submodels (RM 76-37); the Animal Submodel (RM 76-38);
the Perennial Vegetation, Nitrogen and Decomposition
Submodels (RM 76-39); and the Annual Plant Submodel
(RM 76-40). Each of these reports gives general and detailed
descriptions of the submodel(s) included, as well as
mathematical relationships and a program listing. Each
general description shows the biological and/or abiotic
assumptions, ideas and facts which make up the submodel,
These general deseriptions do not require a krowledge of
computer languages. The detailed. descriptions document
the translation of assumptions, ideas and facts into
computer code (FORTRAN) so that the reader can use
and/or change the code if desired. Thus, details are given on
the submodels themselves, as well as on subsections of them,
and on the mathematical support programs for them. Key
derivations are also given. Submodels, subsections and
support programs and their interrelationships are found in
Table 1.

A naming convention for FORTRAN variables, which
is used in submodels of the Water Response Ecosystem
Model, follows.

NAMING CONVENTION OF FORTRAN VARIABLES

In order to increase convenience and reduce confusion, a
convention and hierarchy in the naming of variables in the
submodels are used. All names of state, communication and
driving variables follow the convention, as do most {but not
alt) of the names of the temporary variables and parameters,

Modeling

Table 1. Submodels of Water Response Ecosystem Model

showing associated subsections and mathematical support
programs, with the relevant Research Memoranda numbers

Mathematical support

Submadel Subsections  programs (submode}
and FEE;EAN of and/or subsection
RM number submodel  using support program
in parentheses )*
Annual plant EXQTIC RUUT F1 (EX0TIC)
biemass (76-40) TEAVG F3 (EXOTIC}
Perennial plant VEG VPHEN F1 {VEG)
biomass (76-39}) VGROW F2 {YEG}
VTRANS FTAVE (VEG, VPHEN)
VDETH FUVP (VEG, VTRANS)
Animal dynamics [76-38)  ANML
Nitrogen cycle (76-39) N FT (N}
Decomposition (76-39) DCMP F1 {DcMpP}
Weather generator PSWG EVAP F1 (EVAP, RINT)
{76-37) RINT IPROB {PSWG)
RNOR (PSWG)
Seil temperature HEAT FTRVE (HEAT)
profile {76-37) TOM (MEAT)
5011 water potential HATER TOM {WATER)

profile (76-37) WBAL (WATER)

WTIME (WATER}

*Since programs F1, F3 and FYAVE are widely used they are all de-
scribed in detail in the introductory Research Memorandum (76-36).
Each of the other six support programs Yisted in this column is de-
scribed in the Research Memorandum which also describes the submodel
for vihich it is a support program {(RM numbers given in left-hand
column of this table}.

Table 2. Convention and hierarchy utilized to name
variables

First Letter Type of Variable

of Name
X State variable
[ Communication variable
T Temporary (internal} variabie
13 Driving variable
P Parameter

Table 3. Characteristic letters for submodels (second
letter of name)

Submodel FORTRAN Name Characteristic Letter
Annual plant biomass EXOTIC E
Perenniat plant biomass YEG ¥
Animal dynamics AHML A
Nitrogen cycle N K
Decomposi tion DCHP D
Soii temperature prafile HEAT H
Soil water potential profile HATER W
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The first letter of a variable name is either X, C, T, Z or
P, whose meanings are shown in Table 2, along with the
hierarchy used if a variable has more than one use. The
second letter of a variable name {with the exception of
driving variables) is the characteristic letter of the submodel
of origin {Table 3). The remaining letters of the name are
chosen to be a phonetic representation of the variable.

DESCRIPTION OF PROGRAM MAIN

MAIN is chiefly a bookkeeping program. It is large {about
1800 records) and was written by Jon ID. Gustafson, Natural
Resources Ecology Laboratory, Colorado State University,
Ft. Collins, CO 80523. It will be only briefly described here.

MAIN performs four functions for the model. First, it
performs necessary initializations by reading some data itself
and by causing the initialization sections of the submodels to
do their tasks. Second, MAIN causes each submodel] to be
executed once each time-step. The submodels determine the
change during the time-step of every state variable. They
then add these changes to the state variables. Third, by
keeping track of time, MAIN determines current Julian date
during- a simulation and stops the simulation after a
specilied number of days have elapsed. Fourth, it prints
debugping information at specified time intervals and
produces graphs at the end of the simulation,

DESCRIPTION OF SUPPORT PROCRAMS

MATHEMATICAL SUPPORT ProGRAM F1

Function F1 is a simple linear interpolation program
over one independent variable, It is supplied with two or
more pairs of data points (x,, i1 e, yoi - - ). Then, given a
value of x, sav x*, it finds a corresponding value for y* by
Jooking through the pairs of data points for two adjacent
values of x, x5 and xj4 1, such that xy < x*< 27541, and
then calculates y* by Equation 1:

y*=yy+ Wy —yp/ag ey —x i —ap o (1)

The vatues of x must be arranged x, < x, < x,. .. If there
are N pairs of data points and x* € x,, theny* = y; if x* >
%, theny = y,.

The FORTRAN variahle VALUE is called x* above.
Values of x, x,, . . ., x, are in array DTAPTS (17 N, 1);
corresponding y values are in DTAPTS (1= N, 2),

IF tVALUE ,GE, DYAPTS(NPTS, 1)) 6O TQ 38 Ft 14
IF (VALUE LE, DTAPYS(1,1)) GO YO 40 LAY

Check if VALUE is greater than or equal to largest x (if
yes, proceed to statement 33), and check if VALUE is less
than or eqgual to smallest x (if ves, go to statement 40},



DO 30 Jal,NPTSet
IF CLvALUR GE¥, ODTAPTR(T,1)) LAND, (VALUE ,LE,
€ DTAPTBR(Jet,132) GO TO B0
030 CORTINUE

038 FIxDTAPTA(NRTY,2)
Go to 10

Modeling

FL 17
Fi 18
Fi 19
LA T {]

We reach here if VALUE is within normal range of x
values. Go through this loop until J is found such that Xy <
VALUE < x54 1. Then go to statement 60,

F1 22
FL 23

Reach here only if VALUE 2 x,,. Set F1 = y,, and return.
F1 is called y* above,

000 FIBDTAPTS(L,2) Ft 2%
6o YO TO Fi 24

If VALUE <€ x,, set F1 = y, and return.
060 PRIDTAPTR(I+1, 2)=DTAPYB( S, 200/ (DTAPTS( 41, 1)=0TAPTS (S, 1) Fy 2
BeDTAPTE(S, 2)wPaDTAPYS(], 1) F1 29
FlapavalUts+n Fi 3

FUNCTION F3(X, Y, DATASS, NR, NC)

IFOY JGT, DATASI(2,1}) 6O TO S¢
FISDATAS1(2,2)
RETURN

Interpolate between adjacent data points according to
Equation 1, above, and return.

MATHEMATICAL Surrort ProcrRaM F3

Function F3 is a simple linear interpolation program over
tweo independent variables. It is supplted with a family of
curves of z vs. x for two or more y values. Then, given values
of x and y, say x* and y*, it interpolates between adjacent x
values and between adjacent y curves to find z*. All z vs, x
curves must have the same set of x values and, as with F1, x,

Cxe <L) Ao,y <y <L K tipea ]

30t

X and Y are called x* and y* above, DATASL is an NR by
NC data array containing the family of F3 (called z above)
vs. x curves for two or more y values. The first column
contains a strange number in DATAS5] (1,1) as a reminder
that the position is not used, and a set of x values in DATAS]
(2> NR, 1), the smallest value first and in increasing order.
Column 2 contains the lowest y value in DATAS1 (1, 2) and
then a set of values for F3 which correspond to this y value
and to the set of x values in column 1. Column 3 contains the
next larger y value and the set of F3 wvalues which
correspond to the y value and to the x value in column 1.
Column 4 contains the next larger value of y, etc., up
through all NC—1 values of y.

F3} 0%
Fy 10
F3 11

If X< x,, F3 = value at x, on first y curve.
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59

.1

70

130

1480

§90
200

208
210

I#(X LT, DATASLIINR,1)) GO TO 60
FIsDATASE(NR, D)

RETURN

IF(Y GT, DATAS£(1,2)) 60 TQ Y0

YOUT = ,TRUE,
Jud

IF(Y (LT, CATAB{{1,NC)) 6O TO 100
YOUY = ,TRUE,
J » NC

0O 130 Imi,NRe]
DATAS2(1) = DATASL(I+1, 1)

IF{,NOT, YOUY) GO TO 190

DO 168 lunR, 2r{nNRet)
DATAN2(IY » DATASLL le2=NR, )
FI m Fi{x, DAYASR, NR=i)
RETURN

Je3

TFLY LE, DATAS1(t,J)) G50 7O 20%
Julel

a0 TO 200

DO 210 ImNR, 2w{NR=1)
DATAB2(I) & DAYAS1{I+2«NR, I}
FIH & FL{X, DATASR, NR={)

3y 12
FY} 13
3t

If X2 xy, 1, F3 = value at x,,.__] on first y curve.

FS 1%
F3 1
F} 17t

If Y £ y,, set logical variable YOUT equal to true (¥ is
outside normal range) and J = 2, which means value of F3
will be found below from values in second column of
DATAS51, which correspond to lowest value of y.

F3} 19
F3 a0
F} et

If Y2 y,0_1, set YOUT equal to true and J = NC,
which means value of F3 will be found below from values in
last column of DATAS1, which correspond to largest value
of y.

F} 2%
LA 1)

Set up use of function F1 by loading x values from
DATAS] in first NR—1 places of array DATASB2.

3 33
Exccute these lines only if Y is outside normal range of
values. Here the next NR—1 places in DATAS2 are loaded
with the curve from DATAS1, which is in location
DATASL (2 = NR, J). Then the value of F3 is found by
function F1.

ry ¥
F3 38
F3 3%
|4 -1
We reach here only if 4, < ¥ < ype1. The value of [ is
sought such that yy 4 ¢ < Y< yy__j (remember that yp is in
column J+ 1 of DATAS31).

F} a2
Fy 43
[ £ T ]

If the proper J has been found, reload the second NR—1
places in DATAS1 and calculate F3H with F1. F3H is the
first of two quantities which will be used to finally
determine F3,



240 DATAS2CI) & DATASI(Y42eNR, Jui}

DO 240 ImNR, Fw{NRei)
FSL 2 FLI(X, DATASZ, NRet)

Modeling

ry  us
3 48
F3 47y

Reload DATAS2 with the curve for the next lower value
of y and calculate F3L with F1.

B (Y o DATASI(I,Jm13) / (DATASL({,JY = DATAS§{i,Jet)) FY 46

F3 ® F3L ¢ (F3IH = F30) « 8

REMOTRPMDT
RNDAYBuNDAYS
RERNDAYB/RPHMDTY
NRER

SumMeg, o
Do 00 Y=i, NR
SUM ® AUM + ZHAIRY(D)

RNRSNR
BUMEBUM & ZHAIRTLIY#(R=AKR)

FTAVEWRUN/R

rs 4o
Interpolate between F3L and F3H to find F3.

MaTHEMATICAL SUPPORT PROGRAM FTAVE

Function FTAVE computes average air temperature over
the previous NDAYS. The only complicating factor is that
submodel PSWG supplies one average air temperature every
PMDT days, and NDAYS may not be an integer multiple of
PMDT.

This routine is used: 1} by HEAT to compute a 30-day
average temperature for soil temperature at 60 emy 2) by
VEG to compute a l5-day average temperature for
determining optimum net photosynthesis temperatures; and
3) by VPHEN to determine a 10-day average, which is then
used to test for temperature limits and/or thresholds for
switching phenophases.

FTAVE 17
FTAVE 18
FTAVE 19
Fravg 2t

Make real numbers of PMDT, NDAYS and their ratio. NR
is largest whole number of time-steps in NDAYS.

FYAVE 22
FTAVE 24
FTAVE 25

Add together the first NR elements of the ZHAIRT array.
Present and past time-step temperatures are stored in
ZHAIRT. most recent first, as far back as 30 days.

FYAVE 28
PTAVE 30

If NIDAYS is not an integer mmltiple of PMDT, then only
a portion of the oldest time-step temperature is needed.

FYAVE 32
This is the calculation of the average temperature.



Lommen

(g} OO0

(e ¥ al

TIOFNO

£y ¢y ¢y

COMFPLETE PROGRAM LISTING

Funcrion F1
FUNCTION F1C(VALUE,DTAPTA,NPTS)
MARCH {976 PAUL W. LOMMEN

GIVEN BOME PAIRS OF DATA POINYS THE FUNCTION BIMPLY INYERPOLATES

BETHEEN THEM, VALUES OF THE INOERENDENTY VARIASLE DUTESIOE YME RANGE
ARE BET EQUAL 7O FIRST v VALUE OR LASY ¥ VALUE, DEPENDING ON IF THE

INDEPENDENY VARIABLE 18 BELOW OR ABROVE THE RANGE OF X, DATA
POINTS MUBY nE IN ORDER OF INCREABING X,
MAY NQT mHAVE TWO JOENTICAL X VALUES IN DATA POINTS

DIMENSION GTAPTS(NPTE,2)

IF (VALUE .GE, DYAPTS(NPTS,()) 60 Y€ 35
IF (VALUE LLE, DYAPTS(I,1)) GO TO &40

DO 30 Jmi,NPT8u|
IF C(vALUE ,G6E, DTAPYSC(J,5)) ,AND, {VALUE ,LE,
C DYAPTE(J#1,1))) GO Tn 60
0%0 CONTINUE

6358 FIsDTAPTE(NRTE,2)
GO YO Vo

680 FLeDTAPTS{L, 2}
8o o 7o

060 PE(DYARYS(J41,2)oDTAPTE(),2))/(DTAPTE(Je1,1)=DYAPTR( S, 1))
BaDYAPYY{J,2)«P*DYAPTE(J, 1)
FiaPoVALUE+S

70 CONTINUE

RETURN
END

Funcrion F3

FUNCTION F3(x, ¥, DATASi, NR, NC}
THTS I8 & TwO DIMENSTONAL LINEAR INYERPOLAYION FUNCTION
AUGUST 978 PAUL w, LOMHEN

DIMENSION DAYASL{NR, NC), DATAS2{30)

LOGICAL YOUT

YOUTm FaLSE,

CHECK IF VALUES wWITHIN RANGE
IF(X 6T, DATAS1(2,1)) GO TO %0
FleDATASt (2,2}
RETURN

50 IF(x LT, DATASI(NR,1)) GO YO &0
FIaDATABI{NR, 2}
RETURN

&40 IFL{Y 6T, DATASY{(1,2)) GO TO 7O
YOUT ® , TRUE,
Ja2
60 TG 100

T4 IF(Y LLT, DAYASI(1,NE)) G0 YO 100
YOUY s ,YRUE,
J 3 NE

100 CONTINUE

IF WE REACH HERE wWE WILL BE CALLING F1 AT LEABT ONCE
SET UP CALL TC F1 BY LOADING X VALUES IN DATAS2

DG £30 Im1,HRel
130 DATASZ{IY = DAYASI{I+t{, 1)

IF(,NOY, YOUT) GO TO {90
Do 160 I=nR, 2#(NR=1}

160 DATAS2{I} & DATASL{{ Te2uNR, J)
F3 8 FifX, DATAS2, WRo})
RETURN

NOW STARY HUNTING FOR PROPER RANGE OF ¥
19¢ Jul
200 IF(Y LLE, DATABI{1,J)) GD TO 20%
JuJel
G0 Yo 200



[z Mg Nel fs Xa) (s RaliNaloNe RuYy)

a0 N

20% 0O 210 IaNR, 2%(NRetf)

210 DATAS2{I) ® DATASt(YTe2eNR, 1)
FIK 8 FL{X, DATAS2, NR«i)}
DO 260 ImNR, Zw{NR={)

240 DATASZ{I) ® DATASL1(I42*NR, Jwi{}

F3L m FL1(X, DATAR2, NRe=1}

B v tY o DATASI(1,J"1)) / (DATAS1C1,J) = BATASI(1,Se1}}
Fl ® FSL & (FSH « FYL) ¢« B

RETURN

END

Function FTAVE

FURCTION FYAVE(PMDY, NDAYS}
MARCH 1978 PAUL LOMMEN
THIS FUNCTION COMPUTES AVERAGE AIR TEMPERATURE OVER PREvIOUS NDAYS,

IHAIRT T8 ARRAY MOLDING THM PREBENT AND PAST TIME STEP AVERAGE AR
TEMPERATURES, ThM, REMEMBER, I8 THME LARGEBY FULL INTEGER NUMBER OF
TIME 8TEPS IN 30 havys, IHAIRY(1} MOLDS PRFBENY TIHE 8TEP
TEHPERATURE (ZalRy), IHATRY(2) HOLDS PREVIOUS VALUE OF 2alRy, €10,

INTEGER PMDY, NDAYS

FT I8 IN COMMON WITH HEAT
COMMON/FT/2ZHALIRT(31)

FTAVE
FYAVE
FTAVE
FTAVE
FTAVE
FTAVE
FTAVE
FYAVE
FTAVE
FTAVE
FTavE
FYAVE
FTAVE
FYAVE

THERE SEFMS TO AF A LOY OF CONVERTING BACK AND FORTH BETWEEN REAL ANDFYAVE

INTEGER VARTABLES IN THMIS FUNCTION
RPMDTapPMBT
RNDAYSHNDOAYS
RIRNDAYS/RPMDY

NRaR
JUMRD, 0

RO 100 1sf, WR
100 SUM & QUM + ZHATIRTL(I)

PICK UP APPROPRIATE FRACTION OF OLDESY TIME STER TEMPERATURE
ANRERNR

BUMEBUM ¢ INATRT(I)#{R=BRNR}
FTAVERAUM/R

RETURN
END
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FTAVE
FYAYE
PTAVE
FTAVE
FTYAVE
FTAVE
FTAVE
FYAVE
FYAVE
FYAVE
FYAVE
FYAVE
FTAVE
FTAVE
FTAVE
FTAVE
FTAVE
PYAVE
FTAVE
FTAVE
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