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ABSTRACT

Under a contract with the National Aeronautics and Space Admiﬁistration
(NASA, Johnson Spade Center in Houston), Texas A§M University, through its
Remote Sensing Center, ié one of a small group of contractors, evaluating
the feasibility of remotely sensing the status of soil moisture..

At present, the most promising technology is the measurement of micro-
wave emission by the earth's surface or the backscattering of microwave
radiation emitted by an airbome source. In either case, the signals
characterize a rather shallow layer, variously estiméated bétween 0.05
~and 0.25 m deep. Surface configuration, moisture content, 6r perhaps
more accurately, the specific free energy of the water present, affect
not only the signal strength, but also fche depth of perception.

To support such efforts, a closely related study of the moisture
movement and the water balance of deeper layers' is indispensable. This
classical problem of agrimlturél and natural hydroldg;' has always been
macie intractable by the lack of facts on the surface moisture regime.
'I‘hﬁs, _the two areas of research and application are éurrently merging.
Evidence of this trend is the development of theories, in the form of
numerical models, that are combinations of amoéphéric and soil physics.
These may provide the foundation for models of microwave physics as well
as a practical means to interpret radar signatures.

As one step in that direction, we present here a comprehensive, yet
fairly simple model of water disposition in a bare soil profile under the
seqhential impact of rain storms and other atmospheric influences, as thgy

occur from hour to hour. This model is intended mostly to support field
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studies of soil moisture dynamics by our current team, to serve as a
background for the microwave measurements, and, eventually, to sérvé as
a point of departure fbr soil moisture predictions or estimates based in
part upon airborne measurements.

The main distinctiqn of the current model is that it accounts not
only for the moisture flow in-;he soil-atmosphere system, but also for
the energy flow ahd, hence, calculates system temperatures. Also, the
model is of a dynamic hature,-capable of supporting any required degree
of resolution in time and space.

This work is the.precursor of similar work for vegetated areas. It
--should be émphasiied,Ahowever, that much critical testing of the simple
cage is needed before the complexities of the hydrdlogy of a vegetated
surface can be related meaningfully to microQave observatibns.

The present model is given in full detail, so as to invite its use by
others and to make it possible to make adaptations, changes, and
improvements. The program, as listed, can be obtained from the authors

in the form of punched cards or a cassette.
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INTRODUCTION

A simulation model is documented for calculating the wafer content and
_temperature profiles of a bare soil, from known initial conditions and a
set of ordinary, time-dependent weather data, over aAperiod of several days
to several weeks.- The model is dynénic, because the properties of the sys-
tem are updated as the temperature and‘ water content are changing in time.

" -The present model was adapted from a set of algoﬁthms devised for the
study of dry mulching as a water‘conserv’mg treatment in the dryland
farming areas 6f North Texas (Horton,' i97?). In turmn, the latter model
was derived from a simulation of the concurrent flow of water and heat in
-soil proposed by Van Bavel and -Hillel (1975, 1976) and of the infiltfation
aﬁd detention of rainfall suggested by Hillel et al. (1975).

The model provides a oompfehensive method for the simultaneous solution
" of the equation of continuity for water ahd heat in a soil system. The
solution is 6btained at fréqm_xent, fixed intervals and the moisture and
temperature profiles are printed when desired. The distinguishing
characteristic of the model is that it does not assume a typical or average -
rate of evaporation, but that it, rathér, generates the instantaneous rate,
from the ambient weather and the momentary values of the soil moisture and
temperatures. The -evaporative flux is found by a combination method, that-
is, a combination of a surface energy balance and a model of the fluxes
above and below that surface. 4

The model is written in the Continuous System Modeling Program I‘II
‘(CSMP IIT) language> (IBM, 1975), a specific numerical simulation language
suitable for time-variant systems. The model was d_eveloped for execution

on the AMDAHL 470V/6 computer operated by Texas A§M University at



College Station, Texas. This system is operated with the IBM S-370
operating system.

A basic knowledge of physics and FORTRAN is desirable to understand
the model. To assist the user, a glossary of variable names with their
units has been provided as Appendix A, and a complete listing of the
~ program is presented in Appendix B. Furthermore, since CSMP III is used
throughout, a brief explanation will be given when CSMP III statements

are used.



INPUTS AND INITIAL VALUES FOR THE COMPUTER SIMULATION

The inputs to calculate the heat and water balance of a soil system are
divided in two parts: constant and variable inputs. 4

Constant inputs to the model refer to the hydraulic characteristics of
the soil and the relationship between albedo (shortwave reflectance) and
-volumetric water content of the soil surface. The hydraulic chaf_acteristics
of the soil are the ﬁmctimlé rélating pressure potential and hydraulic '
con&uctivity to volumetric water content.

Variable inputs to the model refer to the time-dependeht weather variables.
~ These are: _

1. daily glbbal radiation, based on either daily total or hourly data,

2. . daily maximum and minimm air temperatures and their comsppnding

mlati&e humidities, or, hourly tenpé_x'ature ahd dewpoint data (2.0 m height) .

3. average daily wind speed, or hourly data if available (2.0 m height),
and ' '

4. amount and duration of‘ precipitation.

Initial values that must be known are the initial soil moisture and
heat content of the soil as a function of depth. These are obtained as
follows:

1. 1initial heat content are callcul'a'ted from an initial measured or
estimated soil temperature profile, and

2. 1initial water contents as measured in the field.:

The way in which the constant and time-dependent inputs, and the initial
values are manipulated in the model will be considered in detail in section

IV of this document.




DESCRIPTION OF THE SOIL

This simulation model is being applied to describe the heat and water
balance of a soil classified in the Norwood series (Mixed (Calcareous),
Thermic Typic Udifluvents). Specifically, the hydraulic characteristics in
the model were obtained from three unpublished theses from Texas AGM Uni-
versity (Saffaf, 1966; Marek, 1977; and Humphreys, 1979). These reports
deal with the field determination of the hydraulic conductivity of the soil
and with the hydraulic characterisitics of irrigation furrows. The |
experimental work was done on the Agronomy farm of Texas A§M University,
on a'Norwood soil. |

'vin terms of ifs hydraulic characteristics, the soil profile being
used in this simulation can be divided into two horizons (Humphreys, 1979).
The characterisfics»of each horizon are listed below:

A. Horizon number 1:

a. Depth _ | . 0.0-0.20m

b. Texture silty clay loam
C.. Average dry bulk density 1.54 g/cm3

d; Saturated hydraulic conductivity 5.0 x 107/ m/s

e. Relationship of pressure potentiél versus volumetric water
content as plotted in Figure 1, and

f. Calculated hydraulic cqndu;tivity versus volumetric water
coﬁtent as plotted in Figure 2.

B. Horizon number 2:

a. Depth ' 0.20 - 1.20 m
b. Texture silt loam
Cc. Average dry bulk density ‘ 1.46 g/cm3
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Figure 1. Relationship between the Logl of pressure potential
(-m of water colum) and volumetric water content for
the surface horizon, 0.0 - 0.20 m, of the Norwood soil
(FUNCTION TVSP1).
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Figure 2. Relationship between the calculated hydraulic conductivity
in m/s and the volumetric water content of the surface
horizon, 0.0 - 0.20 m, of the Norwood soil (FUNCTION TVSC1).



d. Average saturated hydraulic 6.0 x 10°° m/s
conductivity '

e. Relationship of préssure.potential versus volumetric water
content as plotted in Figure 3, and _
f. Calculated hydraulic conductivity versus volumetric water
content as plotted in Figure 4.
'I‘hé hydraulic conductivity as a function.of volumetric Qater content
for both horizons was calculated by the method of Jackson (Jacksen, 1972).

The WATFIV algorithm used for this calculation i$ included in Appendix C.
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DESCRIPTION OF THE MODEL

Introduction to CSMP III:

Program statements in CSMP III can be divided into three categories:
data, structure, and control statements. Data.statemeﬁts assign numeric
values to the parameters, constants, and initial conditions of the system.
Structure statements define the functional relationship between: the
variables of the model. Control statements deal with the duration of the

simulation, the integration increment, type of output, and with the trans-

lation and execution of the program. The user does not need to specify

- the category of each statement.

:The structure of the program can be divided into three sections:
INITIAL, DYNAMIC, and TERMINAL sections. The major chéracterisfics of
these translation control statements are the following:

INITIAL Section.
1. Operations specified in this section are executed only at the
onset of the simulation,
2. it contains the equations that define the invariable geometry
of the system, and
3. it contains values and tables for specified parameters, and
provides the.initial values of specified variables.
DYNAMIC Section
1. It contaiﬁs the equations that are needed to update the system
at every time interval, and
2. it uses an iterative procedure for the solution of implicit

functions of certain variables.
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TERMINAL Section
1. it specifies the finish time for simulation,
2. it specifies the time intervél for output and the variables
to be printed in the output, and
3. it specifies the method of integration that is to-be used
and the integration time interval.
bescription |
The program-will be described in the sequence given in the listing
in Appendix B. To assist the user with the identification of variables
refer to Appendix A where a glossary of the variables with their
corresponding units are given. The International System of Units (SI) is
used throughout the program with the exception 6f water potential values,
"which are given in terms of m water colum. In princible; the water
potential should be specified in‘kPa, but the approximation that
1 kPa = 0.1 m water column is sufficiently accurate and simplifies the
-dimensions of the unifs ihroughout. For the purpose of the description, the

program is divided into five parts:
JOB 'CONTROL LANGUAGE (JCL) (lines 4-10)

The JCL statements are the ones used at the Texas AGM University
computer installation (AMDAHL .470V/6, IBM S370 system). The user should
consult the instructions of the local installation and make the necessary

changes. Note that the program requires at least 128K bytes of memory.
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TITLE, MEMORY ORGANIZATION, AND ALLOCATION (lines 16-30)

Lines 16-19 are TITLE statements. This is a CSMP III label statement
and allows the user to specify a heading that will appear at the top of
the first page of printed output. Lines 14 and 15 are CSMP III comment
statements, and can be identified by an asterisk (x) in colum 1. Lines
21-30 are translation control statements to organize the memory and to
initialize arrayé. Lines 21-23 are the CSMP III STORAGE statement, and
they represent subscripted variables with the appropriate number of
storage locations contained within the parcnthescs. Lines 24-27 are
DIMENSION statements, and are hahdled as in FORTRAN with the excepfion
that a virgule (/) must appear in colum 1. The virgule indicates that
the DIMENSION instruction is a FORTRAN spgcification statement. Lines 27
and 28 are EQUIVALENCE statements and are- treated in the same manner as
the DIMENSION statements. The EQUIVALENCE statement allows that the
variables within the parentheses be assigned to the same storage locations
in the memory, that is, the variables are synonymous. Line 30 are

variables specified as integers with the statement FIXED.
INITIAL Section (lines 36-210)

- The INITIAL section begins with the lines (the numbers to the 1¢ft
refer to the corresponding number of the iisting in Appendix B):
36. INITIAL
38. NOSORT
" The NOSORT is a CSMP III translation control statement and it means that

the subsequent statements are to be executed in the order in which they

12




appear. The INITIAL section will be described in paragraphs as indicated

by the comment cards in the listing (Appendix B),

*#%% 1) DEFINITION OF PARAMETERS (lines 40-50)

Lines 40 and 42-50 are déta control statements. The PARAMETER statement
(lines 40-50) is used to assign numerical valués to-the following variables
(the number to the right in parenthesis refers to the corresponding number

of the variable as given in the glossary in Appendix A):

40. PARAMETER NL = 13 ' (68)
42, - PARAMETER KONDS = 4.20 (61).
43. PARAMETER - KNODW = 0.57 | (63)
44. PARAMETER KONDA = 0.025 , (60)
45. . PARAMETER. VHCAPS = 1.925E-06 . (102)
46. PARAMETER VHCAPW = 4.186E06 | (103)
47. PARAMETER SIMA = 5.67E-08 (82)
48. PARAMETER 0 = 0.01 (108)
49. PARAMETER SATCON = 0.60E-06 . (80)
.50. PARAMETER PORSTY = 0.50 (71)

The values for the heat conductivity of soil (KONDS), water (KONDW),
heat conductivity by air (KONDA) and volumetric heat capacity of the soil
(VHCAPS) and of water (VHCAPW) were cbtained as suggested by De Vries (1966).

The value for the total pbrosity (PORSTY) of the soil was calculated

from the average dry bulk density of the soil layers i.e.

_ ___Average dry bulk density
PORSTY = 1.0 Particle density

%%% 2) DAILY COUNTERS (lines 52-54)
Lines 52-54 initialize day counters, which are used to keep track of

the daily input data that is read with lines 56-61 in the third paragraph.

%%% 3) READ INPUT DATA (lines 56-61)

The input data is stored in a two dimensional array (WINPUT), and is

13




read in with a FORTRAN READ statement (line 57).

*xk 4) SPECIFICATION OF THE GEOMETRY OF THE SYSTEM, INITIAL WATER CONTENT
AND TEMPERATURE (lines 64-68)

In CSMP III, the TABLE statement is used to assign values to the
subscripted variables listed on a STORAGE card. Thus, lines 64, 66, and
67'are‘used to initialize the values for the thickness of the compartment
(TCOM) , initial volumetric water content (ITHETA), and initial soil
'temperatures (ITEMP). Since the number of layers (NL)Vis 13, one value
for each soil layer must be specified with the TABLE statement. Three

periods (...) are used as continuation to fbllowing lines.

~k%% 5) CALCULATIONS OF DISTANCE AND DEPTH (lines 70-75)

'-f_-The depth (DEPTH(I)) and the distance (DIST(I))‘of each soil layer is
calculated in lines 70-75. The depth of each layer is the vertical |
distance between its midpoint and the soil surface, and the distance
between midpoint of adjacent layers is given by DIST(I) (lines 72-75).
The depth of the first layer (DEPTH(1)) is half its thickness (line 70),
and the distance of the first layer (DIST(1)) is set equal to its depth

(line 71).

70. DEPTH(1) = 0.5*TCOM(1)

71. DIST(1) = DEPTH(1)

72. DO 20 I = 2,NL

73, DIST(I) = 0.5*%(TCOM(I-1)+TCOM(I)) (21)

74, DEPTH(I) = DEPTH(I-1)+0.5%(TCOM(I-1)+TCOM(I)) (17)
75. 20 CONTINUE : :

Figure 5 shows the geometry of the system and symbols used in the
program, and Table 1 lists the corresponding values of TCOM, DIST, and

DEPTH.

14
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Figure 5. Geometry of the system and symbols used in the program.
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TABLE 1.

Invariable geometry of the soil system.

Depth

Layer N Thickness of Distance
compartment :

M TOOM(I) (m) DIST(I) (m) DEPTH(I) (m)

1 10.01 0.005 0.005
2 0.02 0.015 0.020
3 0.02 0.020 0.040
4 0.03 0.025 0.065 -
5 0.03 0.030 0.095
6 0.04 0.035 0.130
7 0.05 0.045 0.175
8 0.05 0.050 0.225
9 0.10 0.075 0.300

10 0.10 0.100 0.400

11 0.15 0.125 0.525

12 0.30 0.225 0.750

13 0.30 0.300 1.050

16



**% 6) CALCULATIONS OF INITIAL WATER AND TEMPERATURE CONDITIONS (lines 79-87)

From the parameters given, the following initial conditions for water
and temperature in the soil system are calculated:

1) the initial volumetric heat capacity of each soil layer (IVHCAP(I))
is calculated from the soil porosity and its water content as suggested by
De Vries (1966).

81. IVHCAP(I) = VHCAPW*ITHETA(I) + (1.0-PORSTY)*VHCAPS (54)

2) the initial water content (IWATER) for the entire soil profile is
calculated by, .

82. IWATER = IWATER + TOOM(I)*ITHETA(I) - (57)

3) the initial volume of heat of each soil 1a>?er: (IVOLH (1)) is -

i_ calculated by, | '

3. IVOLH(I) = ITEMP(I)*TOOM(I)*IVHCAP(I) - (55)
4) the net difference between influx and outflux of soil water (NFLUX)
and inflow and outflow of heat (NFLOW) is set equal to zero respectively by,
0.0 | - - (67)
0.0 | (66)

5) and the initial volume of water in each soil layer (IVOLW(I)) is

84. - NFLUX(I)
85. NFLOW(I)

[}

calculated by,
86. IVOLW(I) = ITHETA(I)*TCOM(I) (56)
In CSMP III, a graphical relationship between pairs of x - y coordinates
can be represented by the data control statement FUNCTION. Thus,.lines
93, 116, 1_39, 164, 188, and 198 represent the following relationships:
1) FUNCTION TVSP1: Volumetric water content versus pressure potential.
These‘ data characterize the first soil horizon as given in Figure 1.
2) '- FUNCTION TVSC1: Volumetric water content versus calculated

hydraulic conductivity. These data characterize the first soil horizon as

17



given in Figure 2.

3) FUNCTION TVSPi: Volumetric water content versus pressure potential.
These data characterize the second soil horizon as given in.figure 3.

4) FUNCTION TVSC2: Volumetric water content versus calculated
hydraulic conductivity. These data characterize the second soil horizen
as given in figure 4. |

5) FUNCTION TEVSKO: Soil temperature versus heat conductivity by
wafer vapor. This relatéonship is plotted in Figure 6.

6) FUNCTION TIVSAL: Volumetric water content of the first soil layer
versus albedo (shortwave reflectance). This relationship is plotted in

Figure 7.

‘*%% 7) TABLE OF THE GEOMETRY OF THE SYSTEM AND ITS INITIAL STATE
(1ines 206-210) 4
The INITIAL section ends with an output of a table of the geometry

of the system as given in Table 1.
DYNAMIC Section (lines 216-428)

The equations which update the system at every time interval and to
perform integrations are given in the DYNAMIC section. The DYNAMIC
section will be described in paragraphs as indicated by the conment
cards in the listing (Appendix B).

The DYNAMIC section begins with the lines,

. 216. DYNAMIC |

218. NOSORT

18
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As explained before, the NOSORT statement indicates that the statements

are executed in the order in which they are listed.

The paragraphs are:

*%* 1) DEFINITION OF TIME RELATED VARIABLES (lines 221-230)

This paragraph defines the time related variablés: time in hours
(HTIME) and standard time of the day in hours (STIME). Also defined.is
an impulse génerator (IMPULS) ,

223. Y = IMPULS(86400., 86400.)

which increments the day index (DNUM), which is used to reference WINPUT.
The first value in parentheses in the IMPULS statement is the time in

- seconds to the first pulse, and the second value is the time interval in

seconds between pulses.

The variables DNUM, DNUM1, and DNUM2 are daily counters that are used
to keep track of the input datd read from the array WINPUT where the data
are stored. The method used to determine to what Julian day number (JDNUM)
the input data corresponds is given by line 230 '

230. JDNUM = WINPUT(1, DNUM) : (58)

*%% 2) CALCULATION OF HYDRAULIC CHARACTERISTICS OF THE FIRST HORIZON
(lines 232-237)

The volumetric water content (THETA(I)) , hydraulic -conductivity (COND(T)),
pressure potential (PPOT(I)), and hydraulic potential (HPOT(I)), for the
first 8 layers of fhe soil profile (horizon #1) are calculated from thé
following equations:

1) THETA(I) of each layer is obtained from the ratio of the

volume of water (VOLW(I)) to the layer volume per unit area:

21



- 233, THETA(1) = VOLW(I)/TCOM(I) (93)
2) COND(I) at the center of each layer is obtained by linear

interpolation of the values in the FUNCTION TVSC1 using the water content
(THETA(I)) of each layer.
234. COND(I) = AFGEN(TVSCI, THETA(1)) (7
AFGEN (Arbitrary Function GENerator) is a CSMP III statement that allows
linear interpolation from a relationship specified with a FUNCTION
statement.

3) PPOT(I) is obtained by linearly interpolating values in the
FUNCTION TVSP1 using THETA(I) of each layer,
235. PPOT(I) = AFGEN (TVSP1, THETA(I)). (72)
_ 4) HPOT(I) is the sum of PPOT(I) and the elevatién (-DEPTH(I))
of each léyer. N

236. - HPOT(I) = PPOT(I) - DEPTH(I) | (45)

*kk 3) CALCULATION OF HYDRAULIC CHARACTERISTICS OF SECOND HORIZON

(l1ines 239-244)

The same calculations outlined in paragraph #2 are performed for the
bottom five layers of the soil profile, that is, the second horizon. In

“this éase, FUNCTIONS TVSP2 and TVSCZ are used with the AFGEN statements.

*%% 4) CALCULATION OF THERMAL PROPERTIES (lines 246-253)

In this paragraph, the volumetric heat capacity (VHCAP(I)), temperature
(TEMP(I)), and thermal conductivity (KOND(I)) are calculated for the 13
layers in the soil profile. The equations used are:

1) VHCAP(I) is calculated from the porosity (PORSTY) and the water
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content (THETA(I)) as suggested by De Vries (1966) . Soil air is not

considered in the calculation.

247. VHCAP(I) = VHCAPWTHETA(I) + (1.0 - PORSTY)*VHCAPS (101)
2) TEMP(I) of each soil layer is calculated by dividing the

volumetric heat content per unit area {VOLH(I)) by the product of

‘'volumetric heat capacity (VHVAP(I)) and'layer thickness (TCOM(I)).

248, TEMP(I) = VOLH(I)/(VHCAP(I)*TCOM(I)) ' (91)
3) The cohtribdfion of the water vapor phase to the thermal

conductivity (KONDV) is obtained by linear interpolation of values in

FUNCTION TEVSKO and TEMP(I) for each layer. |

249. KONDV' = AFGEN(TEVSKO, TEMP(1)) (62)
4) KOND(I) of each soil layer is found by the formula suggested by

‘DéSVrles (1966) using the values of KONDS, KONDA, and KONDW assigned in

the INITIAL section.

250. KOND(I) = ((1. -PORSTY)*KONDS*0.4 + THETA(I)*KONDW +... (59)
(PORSTY - THETA(I))*1.4*(KONDA + KNODV))/...
((1.-PORSTY) *. 4+THETA(I) + (PORSTY-THETA(I)) *1.4)

*%% 5) CALCULATIONS OF AVERAGE CONDUCTIVITIES (lines 255-260)

Tﬁé average thermal conductivity (AVKOND) and average hydraulic
conductivity (AVCOND) for .transport between adjacent layers is taken to
be,the average of layer conductivities, weighted according to their relative
thickness.

For the flow of heat, AVKOND(1) is calculated from:

256. AVKOND(I)=(TCOM(I- 1)+TCDM(I))/(TCOM(I -1) /KOND(I-1)+TCOM(I)/ (4)
KOND(I))

For the flux of liquid water, AVCOND(I) is calculated from:
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258. AVCOND (I)=(COND(I -1) *TCOM(I-1)+COND(I)*TCOM(I))/(TCOM(I-1) (3)
+TOOM(1))

*%% 6) SPECIFICATIONS OF BOUNDARY CONDITIONS FOR FLOW OF HEAT AND
-FLUX OF WATER (lines 263-264)
The boundary conditions at the bottom layer (NLL) of the soil profile
are defined by the following:
‘1) The flux of water at the bottom boundary is taken to be equal to
the hydraulic conductivity of the bottom layer. That is, the flux of water
is driven by unit hydraulic potential gradient .
© . 263, FLUX(NLL) = COND(NL) - (39)
" 2) The flow of heat at the bottom boundary is calculated by Fourier's
law=a$$uming that the temperature at 1.20 m debth remains constant, and
that this temperature is set equal to ITEMP(NL).
264. FLOW(NL) = (TEMP(NL) - ITEMP(NL) * KOND(NL/TCOM(NL)/Z.O) (37)
*%% 7) CALCULATION OF FLOW OF HEAT AND FLUX OF WATER (lines 266-269)
The flow of heat between layers is calculated by Fourier's law.
267. FLOW(I) = (TEMP(I-1) - .TEMP(I)) * AVKOND(I)/DIST(I) (36)
The flux of water between layers is calculated by Darcy's law.
268. FLUX(I) = (HPOT(I-1)-HPOT(I)) * AVCOND(I)/DIST(I) (33)
Note that flow of heat and flux of water is calculated for all layers

except the top one.

**% 8) USE DAILY RAINFALL DATA, AND CALCULATE DAILY RAINFALL DISTRIBUTION
(lines 272-285)

The daily rainfall distribution is assumed to follow the
pattern illustrated in Figure 8. The necessary inputs to calculate the
rainfall distribution are given by,
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RAIN

BEGIN MOPNT END

TIME OF DAY (HOURS)

Figure 8. Pattern of daily rainfall distribution. For definition
of symbols see text.
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272. BEGIN = WINPUT(9, DNUM) . (6)
273. END = WINPUT(10, DNUM) (32)
274. RFT = WINPUT(11, DNUM) (75)

The logical branching used to calculate the rainfall distribution as
a function of time is illustrated by the flow chart of Figure 9. In the

program this is calculated by lines 272-285.

***.9) USE DAY LENGTH AND CALCULATE DAILY DISTRIBUTION OF GLOBAL
RADIATION (lines 288-292)

The daily distribution of global radiation (GR) is spread out over the
‘qaylength ZDL) period using a sine function. An example of this distribution
is given in Figure 10.

290. - GR = 436.33*WINPUT(3, DNUM)/DL * SIN((STIME -12. + DL/2.) (41)
*3.141/DL '

Note: 436.33 is a simplification of (24x106/86400)x(n/2)

*%%10) CALCULATION OF ALBEDO (lines 294-295)

Albedo (ALB) is obtained by linear interpolation. of values in TABLE
TIVSAL and the volumetric water content of the first soil layer(T1).
294. T1 = THETA(1) , (85)
- 295. ALB = AFGEN (TlVSAL, T1) (2)

<

*%%11) CALCULATION OF WINDSPEED AND BOUNDARY LAYER RESISTANCE (1lines 297-305)

Values of the average windspeed (SA) are set at noon (line 297) and
iinear interpolation produces Values at other times (lines 299-302). The
boundary layer resistance (RA) is calculated as the .quotient of the

logarithm of 2.0 divided by the roughness factor (Z0) squared and the
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/ AEND BEGIN

/ READ - END
/ READ RFT

TES

IS AFT = 0.0
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b
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|
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J

CALC. HEIGHT

IS STIME GE BECI
AND LE MOPNY

MARIN= (LINE 282) -I
AAIN= (LINE 2641 1

[9 STIME GT MOPN
AND LE END

A 2

CONTINUE }(

A 4

Figure 9. Flow chart showing the logical branching used to calculate
the pattern of rainfall distribution.

27



10! .
45.00 60.00

1

30.00

W/M2

GR,
15.00

.00 6.00 12.00 18.00 24.00
TIME, HRS

.00

Figure 10. Example of daily distribution of global,radiation (GR)
over time. (Total irradiance 10.0 MJ/m~, day length =
10.7 hours). _
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product of windspeed at 2.0 meters and a stability factor (Sellers, 1965) .
305. RA = (ALOG(2.0/20)**2.0)/(0.16*SA) 73)
#%%12) CALCULATION OF DEWPOINT TEMPERATURE AND ABSOLUTE HUMIDITY
(lines 307-314)

Dewpoints at time of minimum air temperature (DPMIN) are set at 5:00 hours

standard time and dewpoints at time of maximum air temperature (DPMAX) are set

at 15:00 hours standard time allowing linear interpolation of dewpoints
(DPTC) at other fimes (line 311 and 313).
The absolute humidity of the air (HA) Ais calculated from the
equation (Murray, 1967), and is plotted in Figure 11.
314. HA = -1.323*EXP(17.27*DP‘I‘C/(237.3*DP’I‘C))/(273.16+TAC) (42)

*%%13) CALCULATION OF 'I‘EWERA'IURE OF THE AIR AND VOLUMETRIC HEAT
CAPACITY OF THE AIR (Lines 316-324)

Minimum air temperature values (TAMIN) are set-at 5:00 hours standard
time and maximum air temperatures (TAMAX) are set at 15:00 hours standard
time allowing linear interpolation of air femperatures (TAC) at other
times. |

The volumetric heat capacity of the air (SH), as a function of air
temperature in degrees Kelvin (TAK) is calculated fror the following
equation, and is plotted in Figure 12,

324, SH = (1154.8*303.16)/(TAK) | (81)

' ‘***14) CALCULATION OF SKY IRRADIANCE (ling 326)
The sky irradiance (SKL) is found from a formula suggested by

Brunt (1932), as modified by Sellers (1965).
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Figure 11. Relationship between absolute humidity of the air (HA)
and temperature as calculated with Murray's equation.
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Figure 12. Volumetric heat capacity or specific heat of the air (SH)

as a function of temperature.
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326. SKL = (SIGMA*TAK**4)*(0.605 + 0.039*SQRT(410.*HA)) (83)

*%%15) IMPLICIT CALCULATION OF THE SOIL SURFACE TEMPERATURE (lines 328-335)
The temperature of the soil surface (TSC) is calculated by an implicit

function (line 328) using the air temperature fTAC) as a first estimate and

calculating the energy balance at the surface:
1) Sensible Beat flux (A)

329. = (TSC-TAC)*SH/RA - (1)
2) Murray's equation (Murray, 1967) to célculate the saturated

humidity (HO) at the soil surface.

330. HO = 1 323%EXP (17.27*TSC/(273. 3+TSC))/(273 16.TSC) - (49)

| 3) Absolute humidity is calculated as suggested by Van Bavel and

 Hillel (1976). |

33. HO = HO*EXP(PPOT(1)/(46.97*(TSC+273.16)) (44)
4) The evaporation (EV) is the qubtieht of the difference in humidities

'oflsurface and atmosphere and the boundary 1ay¢r resi§tance;

332. EV = (HO -HA)/(RA*1000.) . (33)
S) The conduction into the soil (S) is calculated as the difference

in het radiation and the sum of sensible and'latent.héat fluxes.

333. S = GR*(1.-ALB) + SKL-SIGMA(TSC+273.16)** 4-A-LH*EV (78)
6) The final temperature of the soil surface (FTSC) as calculatéd in .

the implicit loop is given by Fourier's law for conduction.

335. FTSC = TEMP(1)+S*DEPTH(1)/KOND(1) | (40)

***16) CALCULATIONS OF EVAPORATION AND NET RADIATION (lines 337-344)
The flow of heat into the center of layer one (FLOW(1)) is calculated
as the product of heat conductivity (KOND(i)) and the differences in

surface (TSC) and layer temperatures (TEMP(1)) divided by
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distance (DIST(1)).
337. FLON(1) = (TSC-TEMP(1))*KOND(1)/DIST(1).
The saturated ﬁumidity of the air at the soil surface (HS) is
calculated with Murray's equation.
338. HS = 1.323*EXP(17.27*TSC/(237.3+TSC))/(273.i6+TSC) (46)
The absolute humidity (HS) is calculated by, ,
340. HS = HS*EXP(PPOT(1))/(46.97*(TSC+273.16)) ' ' (46)
Evaporation (EVAP) is the quotient of the difference in humidities of |
soil surface and the atmo;phere and the boundary layer resistance.
342. EVAP = (HS-HA)/(RA*1000.0) (34
The latent heat of vaporization (LH) as a function of the soil surfa;e
‘t¢mperatufe.is given by tForsythe, 1964).
345. LH = 2,94963E09 - 2.247E06*TSC : (64)
and IH as a function of temperature in plotted in Figure 13.
Net.rédiation (NR) at the soil surface is calculated by difference
from the energy balance equation.
344, NR = FLOW(1) + (TSC-TAC)*SH/RA+LH*EVAP ' (70)
A diagram illustrating the energy and water flux in the top two iayers_

of the soil system is given in Figure 14.

**%17) CALCULATION OF DETAIN, INFILTRATION, AND INCAP (lines 346-359j .
The amount of water that remains on the soil sﬁrface (DETAIN) is

defined as the integrai between the initial value and the difference

' between the rainfall rate (RAIN) and the infiltration rate (INFILT). In

CSMP III, this is accomplished by an INTGRL statement.

346. DETAIN = INTGRL(0.0, RAIN - INFILT) - (18)

The infiltration capacity- (INCAP) is the Darcian flux to the center
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Figure 13. Latent heat of vaporlzatlon (IH) as a function of
temperature.
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'Figure 14. Schematic diagram of the energy and mass flux in the top
two layers of the soil system.
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of the first layer from the saturated soil surface, at which the pressure
potential is assigned a value of zevo.
347. INCAP = (0.0 - HPOT(1))*0.5*(SATCON+COND(1))/DIST(1) (49)
Since the model assumes no runoff, only two possibilities exist with
rainfall, and these are:
1) When the rainfall rate does not exceed the infiltration capacity
and there is no detention on the soillsurface, then the‘raihfall rate
controls the infiltration rate.
358. IF(RAIN.LT.INCAP.AND.DETAIN.LE.O) INFILT=RAIN
2) When the rainfall rate exceeds the infiltration capacity of‘the
soil and water is detained on the soil surface, thé(infiltration capacity
icoﬁtrols the infiltration rate.
357.  INFILT = INCAP | (51)
The logical branching of the above calculations is illustrated by the

flow chart in Figure 15.

*%%18) CALCULATION OF NET FLOW OF HEAT AND NET FLUX OF WATER (lines 361-365) A

The flux of water intb the middle of the soil surface layer is equal
to the difference in the rate of infiltration and the rate of
evaporation.
361, FLUX(1) = INFILT-EVAP

The heat flow into the bare soil surface (FLOW(1)) was previously
defined as, _
337. FLOW(1) = (TSC-TEMP(1))*KOND(1)/DIST(1)

1xThe flux of water (FLUX(I)) and flow of heat FLOW(I)) for the rest of

the layers must obey the continuity equation that is,

NFLOW(I) = FLOW(I) - FLOW{I-1) (66)
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Figure 15. Flowchart showing the logical branching used to calculate
INFILT and DETAIN.

37




NFLUX(I) = FLUX(I) - FLUX(I+1) (67)

*%%19) INTEGRATION OF VOLUMETRIC HEAT CONTENT AND VOLUMETRIC WATER
CONTENT (lines 368-369)

The 13 integrations to keep track of the volumetric heat contents
(VOLH(I)) and volumetric water contents (VOLW(I)) arc carried out by the

CSMP III INTGRL function.
368. VOLH1 = INTGRL(IVOLH1,NFLOW1,13) (105)

369. VOLW1 = INTGRL(IVOLW1,NFLUX1,13) (106)
The third argument of the integral function indicates that there are

- 13 integrals to 'keep track of the volumetric heat content and water

content of fhe 13 layers. The heat contents are §tored in an array VOLH(I)

and the water contents are stored in an affay VOLW(I). Note that these

arrays are named in the INITIAL section (lines 28 and 29). The first

argunent of the integral function states that the initial value of the

volumetric heat content and volumetric water content is given by an array

[VOLI(I) and IVOLW(I), respectively. The second argument states that the flow

and flux rate into the integral is given by the arra).' NFLOW(I) for heat and

NFLUX(I) for water.

***20) CALCULATION OF CUMULATIVE RAIN, INFILTRATION, LVAPORATION, AND
DRAINAGE (lines. 372-575)

Cumulative rain (CUMRN), cumlative infiltration (CUMINF), cumulative
cvaporation (CUMEVP), and cumulative drainage (CUMDRN) are calculated
with the CSMP I INTGRL function.
372. CUMRN-== INTGRL (0.0, RAIN) (11)
373. CUMINF = INTGRL(0.0, INFILT) (10)
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INTGRL(0.0, EVAP) O (9)

%

375. CUMDRN = INTGRL(0.0, FLXNLL) . (8)
*%%21) CALCULATION OF TOTAL WATER. FOR DIFFERENT LAYERS (lines 377-392)
The integrated:volume of water in the profile, from a given depth to
the bottom of. the profile, is the sum of the volume of water in each layer
starting at the specified depth. -‘
1) From 0.0 - 1.20 m (CUMNTR) (I=1, NL)
382. CUMNTR = CUMWTR+VOLW (I) | (12)
2) From 0.13 - 1.20 m (CuMWT1) (I = 6,NL) '
385. CUMNTL = CUMWT1 + VOLW(I) . : (13)
3) From 0.30 - 1.20 m (CUMAT2) (I=9,NL) . -

388.  CUMATZ = CUMWT2ZWVOLW(I) (14)
" 4) From 0.75 - 1.20 m (CUMNT3) (I=12,NL) .
391. CUMWT3 = CUMAT3 + FLOW(I) (15)

*%%22) CALCULATION OF DAILY TOTALS (iines 394-404) '

The daily. totals of infiltration (DINF), rain (DRN), evaporation
(DEVP), and drainage (DDRN) are calcullated by difference from the
accumulated totals and the values at the previous midnight.
400. DINF = CUMINF - INF(DNUM - 2) (20)
401. DRN = CUMRN - RN(DNUM - 2) (30)
402. DEVP = CUMEVP - EVP(DNWM - 2) a9
403. DDRN = CUMDRN - DRAIN(DNUM - 2) (10)

The daily totals are calculated only at the end of a day and the
calculations are controlled by the IMPULS statement.

394. ZBHJS = IMPULS(86400.,86400.),
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*%%23) CHECK WATER BALANCE (line 406)

The water balance for the soil system (BALANS) is calculated as the
difference in the suh of cumulative water in the profile (CUMIWR),
cunulative evaporation (CUMEVP), and cumulative drainage (CUMDRN) and the
sun of the initial water content (IWATER) and the cumulative infiltration
(CUMINEF) .

406. . BALANS = CUMVTR - IWATER - CUMINF + CUMEVP + CUMDRN
The deviation of BALANS from zero provides an indication of the error

produced in the solution of the equations in the model.

*%%24) OUTPUT OF DESIRED VARIABLE (lines 408-428)

- . - The last péragraph of the DYNAMIC section deals with output of
calculated variables. Specifically, the foliowing vafiablés are printed
‘at 8:00 and 16:00 hours, standard time: DEPTH(I), THETA(I), PPOT(I),
FLUX(I), NFLUX(I), ‘and TEMP(I) .

The output at 8:00 hours is controlled by. the IMPULS statement.

408. Z ='IMPULS(28800.0., 86400.)

and the output at 16.0 hours is controlled by’ the IMPULS state-

ment. |

425.  2Z = IMPULS(57600.0., 86400.0)
TERMINAL Section (lines 433-466)

The terminal section is mainly composed of execution control state-.
ments. The statements that appear in the TERMINAL section are:

1) TIMER FINTIM = 259200., PRDEL = 84606.0, DELT = 100.0
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The TIMER card is used to specify the variables that control the run-time,
print increment; and integration interval (step-size): |

a) FINTIM detemines the value of TIME (independent variable) at.
which the nn is terminated. FINTIM is set equal to the desired
simulation time. A |

b) PROEL. This TIMER variable controls the increment for the output
of the PRINT statement.

c)- DELT. This TIMER variable specifies the integration interval.

2) PRINT. The PRINT card is used to specify the variables that will
be printed at each specified interval (PRDEL) during the simulation.

3) METHOD TRAPZ. The integration technique is specified by the use
" of the METHOD card with thé appropriate CSMP III integration name. In
this caée, the selected method is the trapezoidal (TRAPZ) method that
-uses a fixed integration interval (DELT) .

4) END The END card specifies the end of the program.
The iast segmént of the program is a list of the input data stored in the
two dimensional array WINPUT. It is specified between the lines INPUT
and ENDINPUT. This array must match the FORMAT statement of line 58.

The program ends with the lines

464. STOP
465. ENDJOB
466. /*END

The ENDJOB card must begin in the first colum.
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DESCRIPTION OF THE OUTPUT OF THE MODEL

To provide the user with an example of the output of this model,
the program described in section IV of this document was executed for a
period of three days. .

The output of the model consists of two parts:

1) The first part is generated in the DYNAMIC section (paragraph 24),
| and for each 51mulated day an output at 8:00 am and 4:00 pm is printed.
The variables pr1nted for each soil layer are: DEPTH, THETA, PPOT,
~ FLUX, NFLUX, and TEMP.
~  2) The secénd part of the-outbut is generated with the PRINT card

the TERMINAL sectlon The variables prlnted for mldnlght at the end of
each day of the simulation period are: JDNUM, XDNUM, DRN, DINF, DEVP
DDRN, CUMWTR, CUMWT1, CUMWTZ2, CUMWT3, BALANS, CUMRN, CUMDRN, CUMINF,
CUIMEVP, and FLOW(14).

It should be noted that for a fixed integration method, such as
TRAPZ, the inﬁegratiOn interval (DELT) necessary for execution of the
model may have to be adapted to the input data. Our experience with
this model, uﬁing TRAPZ, suggests a DELT of 100 seconds for input dafa
with rain, and 200 seconds for input data with no rain. However, the

user has a choice of other integration methods and should consult the

CSMP III manual for proper use.
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APPENDIX A - GLOSSARY OF VARIABLE NAMES
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TITLZ:

GLOSSARY FOR HEAT AND WATZR JALANCE MODEL

NO.....TERH.............DE?INITION....................UNITS

16.

18.
19.
20.
21,

22,
23.
2u,
25.
26.
27.
28.
29.
30.
3.

32,
33.
3u,
35.

36,
37.

is8.
39.

R..........SBNSIBL' HEAT FLUX INTO THE AIR.....H/H‘*Z
ALB. iceeee s ALBEDO et i teceteececseccccnscsanccncsee
AVCOND (I)..AVERAGE HYDRAULYIC CONDUCTIVITY......
««BETWEEN ADJACENT LAYERS.ceeseocaeess o H/S
AVKOND (X))« . AVERAGE THERMAL CONDUCTIVITY.ceoasee
. « « BETHEEN ADJACENT LAYERS:eeeeeineees W/ (H*C)

BALANS...«.WATE® BALANCE...ccceceesosenccocaacsclt
BEGIN......BEGINNING OF RAINFALL PERIOD........HOURS

COND(I)....HYDRAULIC CONDUCTIVITY OF LAYER (I).M/S
CUMDRN.. oo  CUMULATIVE DEAINAGE.eeevaescocenaoeell
CUMEVP.. .. .CUMULATIVE EVAPORATION.ccececcocansell
CUMINPeooo .CUMULATIVE INFILTRATION :cececoanaaoal
CUMRNuee oo e CUMULATIVE RAINuuoreueveccacosecaonsslf
CUMNTRee+..TOTAL WATER IN SOIL PROFILE...ceca..l
CUMHTY.eoe. TOTAL WATER (I=6,NL)+vececcocscacoascll
COENT2e¢0e o TOTAL WATER (I=9,NL)uvececososoacaodll
CUMRT3.eeeoTOTAL WATER (I=12,NL) covececescaceneh

DDENeeoweeoDATILY DRAINAGE. . ueeuevecocsnacsanaashl

DEPTH (L) e« « VERTACAL DISTANCE BETWEEN HIDTCINT..
«e<OF LAYER (I) AND THE SURFACE.eecoe...dl

DETAIN.....DEPTH OF WATER ON THE SOIL SURFACE..M

 DEVAP.vseoe DAILY EVAPORATION.c.cceecococssascschl

DINP.oeeoes DAILY THFILTRATION. e vetcecacessoscadl
DIST(I)-.-.DIST\VCF RETWEEN MIDPOINTS OF .c0.cen

ees« ADJACENT SOTL LAYERS (I,I+1).cececsa.l
DLecseoeess DAY LENGTH e ceveeescoccococscsceses HOURS
DNUM, ¢ eeese DAY COUNTER. v v voscccevsnsoscososenocse -
DNUH]-a.o..DAY COUNTBRoo'Qooto.o.oo.~..l.0!.-“.- -
DNOM2eeeees DAY COUNTER:ceesceccccosocsscssancas -
DPY¥AX.ec ¢+ ,DEWPOINT TEMP. AT TIME OF TMAX......C
DPAIN.,.s..+.DEWNPOINT TEMP. AT TIME OF TMIN......C
DPTCeceess . DEWPOTHNT TFMPERATURE. ccvceesesceseeal
DRAIN. ce e« DRAINAGE . et tacesvesvecsssnsscncenesnssli/S
DRN....c.s . DAILY RAIN...cccteeeeteccsccnsccccs.ll
DWSLOP.....RATINFALL SLOPEL BETWEEN MIDPOINT ALD.

s 50 1 1 T 1 7431 A

END.evee.s.END OF RAINFALL PERIODecscceecececesss HOURS
EVe,ieoeeeo oEVAPORATION (DU%MY VARIABLE)..c.....M/S
EVAP .. oo e EVAPORATION. . cvcveeceovensvanavanseassll/S
EVP.eseees . SVAPORATION (DUMMY VARIABLE)«ceacees lM/S

FLOW (I)ee. . FLOW OF HEAT INTO LAYER (I)ecereaoccW/M*%2
FLOW(NLL) . .FLOY OF 'HEAT ACROSS THE LOWER.......
«oBOUNDARY . veveeeeenocscsvacsascncansc N/7N*%2
PLUX(I)e...FLUX OF WATER INTO LAYER (I)eccecacal/S
FLUX(NLL) ..FPLUX OF WATER ACROSS THE LOWER......
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40.

41.

u2.
43.

uu.'

45,
46.
47,
48.

49.
50.
51.
52.
53.

Su.

55.
56.

57.

58.

59.
60.
61.
62.
63.

64.

65.

66."

67.
68.
69.
70.

71.
72.

73.

ceBOUHDARY (e ieetierarecsncsesncasnes /S
PTSC.sseees FINAL TEMFERATURE OF SOIL SURFACE...
eesseeeAS CALCULATED IN THE IMPLICIT 100P..C

GRecseenessGLIBAL RADIATTION:cesesosccocccovoces H/N¥E2

HAveeoeooe o ABSOLUTE HUMIDITY OF THE AIR.veco...KG/N*%*3
HEIGHT.e .« RAINFALL RATE AT MIDPOINT..sceeaacs NH/HOUR
Hl)eoeooeeoes SATURATED HUMIDITY AT THE SOILecoa..

eweseseses SURFACE AND APSOLUTE HUMIDITY.eeososs KG/U*%*3
HPOT (I)e e« HYDRAULIC POTFNTIAL OF SOIL LAYER...M OF WATER
HS‘....'...ABSOLUTE HUHIDITY.......'..'l.‘.'..'KG/H“3
HSO.eevess « ABSOLUTFE HUMIDITY, DUMNMY VARIABLE...KG/M*#3
HTIHS....I‘TIHE....I.I......l...’.l....I......'HOURS

INCAPevaoes INFILTRATION CAPACITYvceeeevooseecesM/S
INFecooeoees INPILTPATION . o cctecooncocancccoasncnall
INPYLTeooee INFILTRATION RATEcccevenccenccsseseci/S
ITEMP(Y)...INITIAL "™EMPERATURE OF LAYER (I)....C
IFHETA (I)..INLTIAL VOLUMETRJC WATER CONTENT....

ICOP LAYER (I)...-.....'....'...l....'l”“J/H**3
IVHCAP(I) + . INITIAL VOLUMETRIC HEAT CAPACITY....

e eOF LAYER (I)ceevecocanssssosccsncessd/ (HEX3IEC)
IVOLH(I)...INITIAL AMOUNT OF HEAT IN LAYER (1) J/M%%2
IVOLW (T) oo « INITIAL VOLUME OF HATER IN ccscecesen

eeeLAYBR {I) cecececceccoosnoccsoscecsorneisll
INATER.ese o INITIAL TOTAL WATER CONTENT OF.cseen
eeee e THE SOIL PROFILF..ccvsesccscsccncsnceasll

JDNUM..ceee o JULTAN DAY NUMBER:seeeoosoeesvocesnscse -

KOND(I)....THERMAL CONDUCTIVITY OF LAYER (I)...HW/(M*C)
KONDA...s. . THERMAL CONDUCTIVITY OF AIR...ccoee W/ {M*C)
KONDS.ceso.. THERMAL CONDUCTIVITY OF SOIL.ccaee..®/(U*C)
KONDV..,....THERMAL CONDUCTIVITY BY WATER VAPOR.NK/ (il*C)
KOND¥..e0o0oo THERMAL CONDUCTTVITY BY WATER...e... R/ (U*C)

LHeeeosess s LATENT HEAT OF VAP. OF WATER..eeess J/HE*3
MDPNT..... MIDPOINT OF RAINFALL PERIOD....eee..HOURS

NFLOW(I)...NET PLOW OF HEAT INTO LAYER (I)ecs..N/M%%2
NPLUX(I)...NET FLUX OF WATER INTO LAYER (I)....HN/S
NLeceeoseoe s NUMBER OF LAYERS et eeeeococosacsessae -

NLL;..-.‘...NL* Teeectooossesesssncsssasosossssncos ~

NRevsaoeoes NET RADIATION AT THZ SOIL SURPACE...W/N**2

PIRSTY.. s« POROSITY OP THE SOIL.ceosceesaococcas =
PPOT{I}).... PRESSURE POTENTIAL OF LAYER (I).....8% OF WATER

RAvecoseeeea BOUNDARY LAYER RESISTANCE.ceecevecsosS/H
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4,
750

76,
78.
78.
79.
80.
81.
82.
83.
8u.
85.

86.
87.

89.
90.
91.
92.
93.
94.

95'
96.

97.
98.

99.
100.

101.
102,

1013,

104.
105.

106.

107. -

RAIN.......RAINFPALL RAT ... ceccasccaccncancssl/5
RFTesceeses TOTAL RAINFALL DETWEEN BEGIN AND ...
....'...END.Q..Q..l..Q.l.I..“....QQ..'..‘..QHH
RHS.eeaeee . RELATIVE HUMIDITY OF THE SOIL SURFACE -
RN.I.O‘...'RAIN (DUHHY VARIABLE).......‘..'....H

Seecoseeses sCONDUCTION OF ENERGY INTO THE SOIL..

...'.'...ISURFACS..'.'.'..........".'....“."“/ﬂ*‘z
SAecceeeoe e WINDSPEED e iieseecssooaccsssnssnrenesall/S
SATCON.. .+« SATURATED HYDRAULIC CONDUCTIVITY OF.

¢eeesTHS SURFACE HORIZON...ceeocosscesss.N/S

SHeeseooess VOLUMSTRIC HEAT CAPACITY OF THE AIR.J/ (M%%3%C)
SIGMAcstae s STEFAN-BOLTZMAN CONSTANT e coeooesosso W/ (H*¥2%K%2Y)
SKLeooesoesSKY RADIANCE. . vceseeoconnsseccnscnses N/H¥%2
STI“E....‘.TIHS..I.‘..I.O..l.‘l....‘..Q...-...'I'OURS

Tleoeeoeos s {ATER CONTENT OF FIRST LAYER...cc0w.
eveasaas (DUMMY VARTABLE) ceeeeaseanascanansas H¥¥3/11%%]
TACiieeeoe o TEMPERATURE OF THE AIRceeccvoannesessl

"TAKeveeoos s TENPERATURE OF THY AIR¢eccscovcoaceskK

TANAYc.eoe  MAXTHUN AIP TEMPERATURE«eccecssesessC
TANIH. . .o. MINIMUM AIR TENPERATUREeeecosocaacssC
TCOM(I)eeo .THICKNESS 'OF LAYER (I)eeocccsccnccselt
TEMP(I) eos TEMPERATURE OF LAYER(I) eecescscocaseaC
TEV5KOeeeesSOIL TEMPERATURE VS. THERMALeevesvss
eess s CONDUCTIVITY RY WATER VAPOR:ceeeoasel VS. W/ (M%C)
THETA(I)...VOLUMETRIC WATER CONTENT OF LAYER...
e o lI)ececeeseceoannaccenassossnannasass i®*k3/F4%]
T1VSAL.....VOLUMETRIC WATER CONTENT OF FIRST...
eeeseSOIL LAYER VS ALBEDO...cecesccnaneaee =
TSCeveoeos.« TEMPERATURE OF THF SOIL SURFACE.....C
TVSCleseees VOLUMETRIC WATER CONTENT VS. HYDRAULIC
, ecese«CONDUCTIVITY FOR FIRST HORIZON.e.:eoe -
TVSC2eseoo« VOLUMETRIC WATER CONTENT VS. HYDRAULIC
 eees«<CONDUCTIVITY FOR SECOND HORIZON...... -
TVSPle.ees« VOLUMETRIC KATER CONTENT VS. PRESSURE
eeesss POTENTIAL FOP FIRST HORIZON.ieeeeoosea =
TVSP2.cee.s VOLUMETRIC WATER CONTENT VS. PRESSURE
ceeees POTENTIAL FOR SSCOND HORIZON.eeeeeowes =

UPSLOP.....RAINFALL SLOPE BETWEEN BEGIN AND .....
oo e eMIDPOINT . ceeecnvarscanancssconsaanscsessMli/HR¥*2

VHCAP(I)...VOLUMETRIC HEAT CAPACITY OF LAYER (I).J/ (N**3%C)
VHCAPS.....VOLUMETRIC HEAT CAPACITY OF THE SOIL..J/(M**3%()
VHCAPW.....VOLUMETRIC HEAT CAPACITY OF WATLR.....J/ (L*%*3%C)
VOLH (I)....VOLUMBTRIC HEAT CONTENT OF LAYER (I)..J/N%*2
VOLW(I)....VOLUME OF WATFR PSR UNIT AREA OF LAYER

ceee(I) eeeeecasoaesossceasassccsssconsenoss i¥F¥I/N0u?

WINPUT.....ARRAY FOR WEATHER INPUT DATA..iececees -~

Z2)eceeeese s SURFACE ROUGHNESS COEFFICIENT.coeecee. -
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‘2
3.
a4,
Se
6.
Te
8.
Qe

10.

11.

12.

13.

14,

‘1S,

16.

17.

18.

19.

20.
21.
22.
23.
24,

25. .

.26
27.

29.
30.

31.

32,
33,
34,
3s,
36.
" 37.

38. .

39.
40.
a1,
az,
43,
44,
as,
46.
a7,
ag,
a9,
50,
5‘.
52.
53,
54,
55,
56.
- 57.
58.
59,
60.

N AcsseosssosneeeJOB CONTROL LANGUAGE

*k & %

%%

//SCSDRYJA JOB (R042,403A,003,020.RL)s* VAN BAVEL -~ LASCANO®
/7%LEVEL (o]

/7% J0OBPARM R=128

7/ EXEC CSMP3CLG

/7/COMPRINT DD DUMMY

//SYSPRINT OD DUMMY

//SYSIN DD = !

%%

&k k¥

**¥%¥ BoeseossvesceesTITLE, MEMORY ORGANIZATION AND ALLOCATION
L1 2 2

L2 2 %

TITLE WATER AND HEAT BALANCE OF BARE SOIL- NO RUNOFF

TITLE VAN BAVEL - LASCANO 21 MAY 1979

TITLE PROGRAM USED FOR USER'S GUIDE PREPARATION

TITLE CONSERVB VARIATION#6

k& & - .

STORAGE TCOM(25) 4 ITHETA(25)+ DEPTH(25) 4 COND{25) ,HPOT (25)

STORAGE AVCOND(25) +FLUX(25) +PPOT(25)+.01ST(25)

STORAGE AVKOND(25) +FLOW(25),KOND{25), ITEMP(25) 4 VHCAP(25) » IVHCAP(25)
Vs DIMENSION VOLW(25) . IVOLW(25) sNFLUX{25)+THETA(25)

Vs DIMENS ION TEMP(25) 4+ IVOLH(25) « VOLH(25) . NFLOW{ 25)

/ DIMENSION WINPUT (11 ,37)

/7" DIMENS 10N INF(38).RN(38),EVP(38) ,DRAIN(38)

/ EQUIVALENCE (VOLW1,VOLW(1))e(IVOLW1 IVOLW(1))s(NFLUX1NFLUX(1))
/ EQUIVALENCE (VOLH1,VOLH(1)) ¢(TIVOLH1 IVOLH(1))}.(NFLOW] ,NFLOW(1))
FIXED Ted oK oNIl o NET o DNUM, DNLIM Y { DNIIM2

PEREXERRAREEEE AR R AEA S AE R SRR XKL IO AR A AR R KRR KB R A LEE K A RS RE TR R KK
*eHk ’
k%% Coseeccoscecs e INITIAL SECTION

Bk k%
k% k%
INITIAL .
(22 T R RS R 22 32 2 R R T2 2 2R RS R R R A2 2222 R 22 R R R 2]
NOSORT
L2 2% 1) DEFINITION OF PARAMETERS
PARAMETER NL=13
NLL= NL + 1
PARAMETER KONDS = 4,2
PARAMETER KONDW = 0.57
PARAMETER KGNDA = 0,025
PARAME TER. VHCAPS= 1.925E06
PARAMETER VHCAPW= 4,186E06
PARAMETER SIGMA = 5,67E-08
PARAME TER 20 = 0.01
PARAMETER SATCON= 0.50Z-06
PARAME TER PORSTY= 0,42
etk 2) DAILY COUNTERS
ONUM = 1
DNUM1= 2 .
ONUMZ2= 3

kK% 3) READ INPUT DATA
DO 10 K=1,37
READ(541000) (WINPUT(JsK) +J=1411)
1000 FORMAT(FS.0+1XsF5.2s9(1XeFa.1))
IF(WINPUT (1,K).EQ.0.0) GO YO 11
10 CONTINUE
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97.

98 .

99.
100,
101.
102.
103.
10‘.
.10S.
106.
107.
108.
109.
110,
111
112,
113.
114,
11S5.
116.
117.
118,
119.
120,
121.

[y

11 CONTINUE
sk Q) SPECIFICATION OF THE GEOMETPY OF THE SYSTEM,

S¥E% INITIAL WATER CONTENT AND TEMPSRATURE

TABLE TCOM(1-13)=0e014+0¢02+0+,02+40+03+40,03,0.04,0. 0500 0Sesee
061040+2040.,15:0.30,0.30

TABLE ITHETA(1-13)=13%0.42

TABLE CITEMP(1=13)1=3.5704092+6:52+8417,9¢66410:84+11669¢000

12:08+12¢18412:26412.69,1381,15,22

#%%¢ S) CALCULATION OF DISTANCE AND DEPTH

DEPTH(1) = 0.5«TCOM(1)

D1ST(1) = DEPTH(1)

DO 20 1=2,NL

DIST(I) = 0.5¢«(TCOM(I-1)¢TCOM(1))

DEPTH(I) = DEPTH(I-1) + 0.5%(TCOM(I-1)+TCOM(I))

20 CONTINUE :

*%%k% 6) CALCULATION OF INITIAL WATER AND TEMPERATURE CONDITIONS
k¥ . FLUX REFERS TO WATER
k& & FLOW REFERS TO HEAT

IWATER = 0.0

DO 30 I=1,.NL

IVHCAP(I} = VHCAPW&ITHETA(I)+(1.0-PORSTY)*VHCAPS

IWATER =- IWATER + TCOM({I)*ITHETA(I)

IVOLH(I) = ITEMP(I)*TCOM(1)*IVHCAP(I) . i
NFLUX{LI) = 0.0 : '
NFLOW{1l) = 0.0
IVOLW(I) = ITHETA(I)*TCOM(I)
30 CONTINUE
k%
LS 2 24 . .
X% % HYDRAULIC CHARACTERISTICS OF FIRST HORIZON 0.0-0.20 M
*E kK VOLUMETRIC WATER CONTENT V3 FRCSSURE NOTENT IAL
R A IN M WATER COLUMN
FUNCTION TVSP1I = ( 0,030, -29000.00)s oo
' ( 0,050, =16000.00): ooe
( 0,070, —=10000400) 4 e
( 0.090, =-6000.00)s oo
( 0.110, ~3000.00),s oo
‘ 0.130, -1500400)s eoe
( 04150, ~700.00)s oo .
( 001709 -370.00)0 .o;
( 0190, —160.00). LN
( 0.210, =T74.00) s oee
( 00230' —45000)| LR
( 0.250. ~30.00)s ees
( 0.2700 -lB.OO). e o0
( 0.290, =11400}¢ eoe
( 0.310, ~7620) s oo
( 0+330, -3.60), L8 )
( 00 350, -1020)' LN
( 04370, ~0e60)y oo
( 003900 —OQZZ,Q LN )
( 0410, "‘0007)‘ e s
( 0.420, 0¢00)s eee
( 1.000, 0.00)
*Exk VOLUMETRIC WATER CONTENT VSe HYDRAULIC CONDUCTIVITY IN M/S

FUNCTION TVSC1 =’ ( 0,040, 0.1980432E-18)s oo
( 0060y 0.186709SE-17),s oo
( 0,080, 0.9215115E-17)4s ooe
( 0100 0+4356560SE-16)s e
( 00‘200 O.l“lla93E—15)o s ee
(

0.‘40. 006032844E‘15’0 e 0
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122, { 0160y 0 .2B464S5TE-14)s s
123, ( 04180¢ 0.1263317E-13)s e
124. ( 0200+ 0.63128815~13)+ see
125, { 00220+ 0.3265092E-12)s s
126 ( 04240, 0.1312614E~1104s oeo
127 ( 02609 046195633E~11)s oo
128, ( 0280y 0,1239914E~10)s s+
129. ( 06300y 0.359075S3E-10)+ s oo
130. ( 06320¢ 0991464 7E~10)4 oo
131, ( 06340, 0+430653725~-09)s seoe
132. { 06360¢ 0.1694214E-08)s oo
133. ( 063809y 0.872805SE=08)s eeo
134, ( 0400, 045553067E~07)¢ oo
135, ( 04420¢ 0.5000000E-06)4s ves
136. ( 1,000, 0.5000000E~06)
137. *k % HYDRAULIC CHARACTERISTICS OF SECOND HORIZON 0«20-1.20 ™
138. k&% VOLUMETRIC WATER CONTENT VS. PRESSURE POTENTIAL
139. FUNCTION TVSP2 = ( 0,020, =760400)s e oo ’
140, ( 0040, =340+00) s s
141, { 0.060, =13000)s ooe
142, ( 0.080, ~60.00)s oo
143. (001000 ~24.,00), s ee
144, ) ( 0.120, =15400)s oo
14S. ! ( 0.140, -10+00)s weo
146, - "t 04160, 7440}, oo
147, { 0.180, ~5¢40)y oo
148, ( 0.200, ~8¢40)¢ oo
149, ( 06220, -3540)' LN
150. ( 002400 -"2080). LN ]
151, ( 0.260, —2430)s oo
sco. { CeZ80, ~1e5GC3s oo
1530 ( 0.3000 -1150). LI
’54. ( 0032°| -I.ZO)o o s
1550. ( 06340, "0094)9 ese
1565 ( 00360' -0070)| o s
157, ( 0.380, “0.45)- LI
1580 ( 00400' ‘0027)- LN
159- ( Ov420' ‘Ools)n L ]
1600 ( 004400 "0006)0 L
161 . ( 0.450, 0¢00)s oo
162. ( 1.000, 0.00)
163, Rl VOLUMETRIC WATER CONTENTY VS, HYDRAULIC CONDUCTIVITY
164, " FUNCTION TVSC2 = ( 0,030, 0.,1200167E-14)s .o
16S, ( 0.050s 0:1599529E-13)s oo
166. ( 000700 0015168905—12)0 LI
167, ( 0.090+s 0.1062001E-11)s oo0e
168! ( 0,110, 0.74765‘6‘:.-“)' ®
169. ( 0,130, 0.34703735-10)s eeo
170. ( 0.1500 001199559E“09)' LI
171, { 041700 0633753515-09)s eee
1720 ( 0.190. 0083328‘76—09)‘ L
173, ( 0.210¢ 0,1842094E~-08)+¢ oo
174, ( 04230+ 0.3760615E-08), oo
17S. { 04250+ 0.7218B16E-08)¢ o0»
176. ( 0.2700 00[3153205‘07‘. LI
177, ( 04290+ 042300420E-07)0% oo
178. . ( 06310, 003924749F-07,' o o0
179. { 0,330, 0.66066483E-07), o.e
180. ( 0.350¢ 0.1105983E-06)4 oo
181. {( 0370+ 0.1868858E-06)¢ oeo
182, { 0,390y 043336319C-06)s o=
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0410y 0,67113SSE-06)s oo

183, (

184, { 064309y 041617BDO0E=~0S5)s oees

185. . ( 04450, 0.6000000E-05)s oeo:

186. { 1.000, 0.6000000E-05)

187, e ke SOIL TEMPERATURE VS, HEAT CONDUCTIVITY BY VAPOR IN W/ (Me¢C)
188. FUNCTION TEVSKD = ( -1.000, 0.02000)s oso0

189. ( 0,000, 0602470)¢ oo

l9°. ( lOCOOO' 0-0&190). o o0

191. ( 20.000, 0s607999%) % s e

192, . { 30,000, 0.12600)s sae

193, ( 40.000, 0624700) ¢ e e

194 . ( 50,000, 0¢38100)s oo

195, { 60,000, 0465000) s o

196« { 70.000, 1.17000}

197. 1T T VOLUMETRIC WATER CONTENT OF FIRST LAYER VS. ALBEDO
1984 FUNCTION TIVSAL = ( 0+00s 0¢22)s oo

199, { OelO9 0e22)y o0

200. ( 0625y 0417)s oo

201. ( 1.00, 0417)

202 skxg - ’

203, T2 . )

204, sxs% 7)) TABLE OF THE GEOMETRY OF THE SYSTEM AND 1TS INITIAL STAYE
20S. FTTL )

206, : ‘WRITE(6,1100)

207. 1100 FORMAT(*O0 I TCOM DEPTH ITHETA 1TEMP*)
208, DD 40 [=1.NLL ’

209. 40 WRITE(641200) 1.TCOM(I) DEPTH(I)y ITHETA(I)WITEMP(I)
210. 1200 FORMAT(1H +12:4F10.5])

211.. SRV XA KR E RS AR E L AR EE LR CE U C RS E SN IS RO xR R ARk RSk kb ke
212, *khx :

213, k% ¥k DescoscsesosnsesosesDYNAMIC SZCTION

214, T T3

215 P2 X 23

21¢€., DYNAMIC

217, (I 23T 2322 2233232 22 122222 222322232 22222 23222 22222222 2 23 )
218, NOSORT

219. kX :

220, ¢%%% 1) OEFINITION OF TIME RELATED VARIABLES

221, . HTIME=TIME/ 3600.

222, STIME=AMOD(HTIME ,24,}

223, ‘ Y=IMPULS(B86400..86400,)

224, ’ IF(Y.LTe0.5) GO TO 22

225, ODNUM = DONUM + 1

22¢€. DNUM1 = DNUM1 + 1

227. DNUM2 = DNUM2 + 2

228, . " 22 CONTINUE

229, XDNUM=FLOAT(DNUM)

230, JONUM = WINPUT (1,0NUM) )

231. ¢%%% 2) - CALCULATION OF HYDRAULIC CHARACTERISTICS OF FIRST HORIZON
232. DO S0 I=1,8

233, THETA(I) = vOuLw(I)/sTCaM(I)

234, COND(I)=AFGEN{ TVSC1,THETA(I))

235. PPOT (I )=AFGEN( TVSP1.THETA(L))

236. HPOT(I ) =PPOT(1) -DEPTH(I)

237. S0 CONTINUE ’ .

238, s*¥«x 3) CALCULATION OF HYDRAULIC CHARACTERISTICS OF SECOND HORIZON
239, DD 60 1=9,NL

240, THETA(I) = VOLW(1)/TCOM{1)

241, . COND(1)=AFGEN( TVSC2,THETA(I))

242, ' PPOT(I)=AFGEN{ TVSP2,THETA(I))

243. HPOT(L)=PPOT (1) -DEPTH(1)
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245,
246.
24 7.
248,
249,
250.
251 .
252.
253,
254,
255,
256,
257.
258.
259,
260,
261,
262.
263,
264,
265,
266.
267 .
268,
269 »
270,
271,
272,
273,
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275,
276,
277
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281.
282.
283.
284 .
28S.
286,
287.
288.
286G,
290,
291,

292,

293,
294,
295,
296,
297.
298.
299,
300.
301,
302,

303.

LR R

e k¥

*8 k¥
L2 2 3 J

s

k¥
k&

seR%
AEE &

A%

L2 XX 3

L2 XX

4)

S}

6)

7)

8)

9)

10)

60 CONTINUE
CALCULATION DOF THERMAL PROPERTIES
00 70 I=1.NL '
VHCAP(I) = VHCAPWXTHEYA(I) ¢ (1.0 - PORSTY)*VHCAPS
TEMPC(I) = VOLH(IT)/(VHCAP(I)*TCOM(I))
KONDV = AFGEN (TEVSKO,TEMP(1))
KOND(I) = ((1s —PORSTY)EKONDS%0+.4 + THETA(I)EKONDW + oseo
(PORSTY - THETA(I)) %] .,4¢(KONDA + KONDV)I)I/ s
(C1e~PORSTY)* J4+THETA([ )+ (PORSTY-THETA(I)) *1,4)
70 CONTINUE
CALCULATION OF AVERAGE CONDUCTIVITIES
DO 80 I = 2.NL .
AVKOND(I) = (TCOM(I-1)+TCOM(T1})}/(TCOM(I-1)/KOND(I~1) oo
+ TCOM(1)/KOND(I))
AVCOND(1)=(COND{ I-1)¢TCOM{1~1)+COND(LI*TCOM(I))/ene
) (TCOM{I-1)+TCOM(I)) .
80 CONTINUE
SPECIFICATION OF BOUNDARY CONDITIONS FOR FLOW DF HEAY
AND FLUX DF WATER
FLUX(NLL) = COND(NL)
FLOWCNLL) =(TEMP(NL}-ITEMP(NL) ) *KOND(NL) /{TCOM(NL)/2.)
CALCULATIDN. OF FLOW OF HEAY AND FLUX OF WATER
DO 90 I = 2,NL .
FLOW(E) = (TEMP(I-1) — TEMP(I))*AVKOND(TI)/DIST(1)
FLUXCI )= (HPOTC(I-1 J-HPOT (1) )%AVCOND(I)/7DIST( 1)
90 CONTINUE
USE DAILY RAINFALL DATA, AND CALCULATE DAILY
RAINFALL DISTRIBUTION :
BEGIN = WINPUT(9,0NUM)
END = WINPUT{10,DNUM)
FrT = RINOUT(LY ONMUIM)
RAIN=0.0
IF(RFT.EQ.0.0) GO TO 33
UPSLOP=(4,0%RFT)/ ((END-BEGIN)%%2)
DWSLOP=-UPSLOP
MDPNT =(BEGIN+END )} /2.0
HEIGHT=(2.0%RFT)/(END-BEGIN]}
IF(STIME «GE eBEGINGAND+ STIME LEMDPNT)IRAIN=,,,
(UPSLOP% {STIME-BEGIN) }/3600000.0
IF(STIME«GToMDPNT e ANDe STIMELLEENDIRAIN= 4 o4 .
(OWSLOP* (ST IME-END))/3600000.0
33 CONTINUE
USE DAY LENGTH AND CALCULATE DAILY DISTRIBUTION OF
GLOBAL RADIATION .
DL=WINPUT( 2,0ONUM)}
DGR/ B6400.*] sE06%24 /DL *P[/2,=436,33%0GR/DL
GR=6436.33%«WINPUT(3,DNUM) /DL *SIN((STIME=12.4DL/2.)0ss
*3,141/0L)
IF (GR.LEL0.0) GR = 0.0
CALCULATION OF ALBEDO
T1 = THETA(1)
ALB =AFGEN(TIVSAL,T1)
CALCULATION OF WINDSPEED AND BOUNDARY LAYER RESISTANCE
IF(HTIME.LE.12.) SA=WINPUT(8,DNUM)
IF(HTIME.LE.12.) GO TO 44
IFCSTIMECLE 12 )SA=SWINPUT(B8.,ONUM—1)+{STIME+12.)/728 % ...
(WINPUT(8,DNUM)~WINPUT{8.,DNUM-1)}
IF(STIME.LE.12.) GO TO 44 .
SA=WINPUT(B,DNUM) +(STIME~12.)/724 .« (WINPUT (8 DNUM+1)—4 4.
WINPUT(8,DNUM)) )
44 CONTINUE
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s 12)

ke 13)

sexs 14)

*%%x%x 15)

*<x%%x 16)

sxx¢ 17)

**x%x% 18)

RA = (ALOG(2,0720)%%2,0)/(0.16%54)

CALCULATION OF DEWPOINT TEMPERATURE AND ABSOLUTE HUMIDITY

DPMAX=WINPUT (64 DNUM)

ODPMIN=WINPUT (7, DNUM)
DPTC=OPMIN+4(DPMAX-DPMIN)*(STIME-S.)710.
IF(STIME«GT o 15+ )OPMIN=WINPUT(7,DNUM+1)
IF(STIME.GT.15.)DPTC=DPMAX-(OPMAX-OPMIN)* (STIME-15.)/14,
IF(STIMECLT a5 eAND sONUMGE ¢ 2. ) DPMAX=WINPUT( 6,0NUM~1)
IF(STIME«LTeS.)DPTC=DPMAX—-(OPMAX—DPMIN) & (STIME+G.}/14.,
HA = 14323%EXP(17.27¢DPTC/(237.34DPTC))/(273:164DPTC)

CALCULATION OF TEMPERATURE OF THE AIR AND. SH OF THE AIR

TAMAX=WINPUT (4 ,DNUM)

TAMIN=WINPUT (S, ONUM)

TAC=TAMING (TAMAX-TAMIN)#{(STIME-5,.)/10.
IF(STIME.GT o 15« )TAMIN=WINPUT(S,DNUM+1)
[IF(STIME.GT.15: ) TAC=TAMAX~(TAMAX-TAMIN)}*(STIME=-15.)/14.
IF(STIMELT ¢ S5eANDONUMeGE 2. ) TAMAX=WINPUT(4 ,ONUM-1)
IF(STIME.LT.S5¢) TAC=TAMAX-(TAMAX-TAMIN)*(STIME+9,)/14.
TAK=TAC+273.16

SH=(1154.8%303.16)/(TAK)

CALCULATION OF SKY I&KRADIANCE

SKL=(SIGMA*TAK%*24 )%(0.60540.039¢SORT( 1410 .4HA)})

"IMPLICIT CALCULATION OF THE SOIL SURFACE TEMPERATUFRE

TSC = IMPL (TAC,0.01.FTSC)

A = (TSC - TAC)#SH/RA

HO = 1.323¢EXP(17.27¢TSC /(237.3¢TSC 1) /(273.16+TSC )

HO=HO*EXP (PPOT(1) /(46,972 (TSC+273.16)))

EV =(HO - HA)/{RA%1000.)

S = GR#(1e - ALB) + SKL — SIGMA%(TSC + 273.16)1%%4 ..,
- A ~LH*EV _

FYSC = TEMP(1) ¢+ S*DEPTH(1)/KOND(1)

CALCULATION OF EVAPORATION AND NEY RADIATION

FLOW(1) = (TSC - TEMP(1))&KIND(1)/D1IST(1)

"HS = 16323¢EXP(17.27¢TSC /(237.34TSC ))/7(273.164TSC )

HSO = HS
HS=HS4EXP(PPOT(1)/(486.97%({TSC+273.,16)))
RHS = HS/HSO

EVAP = (HS - HA)/(RA%1000.)
LH=2,49463E09-2.247E06%TSC

NR = FLOW(1) + (TSC - TAC)&SH/RA ¢ LH*EVAP

CALCULATION OF DETAIN, INFILTRATION, AND INCAP

66

S5

DETAIN = INTGRL (0.0, RAIN-INFILT)

INCAP = (0.-HPOT(1))20+.5%(SATCON+COND(1)) / DIST(1)
IF (RAIN.GT,.0.0) GO TO 55

1IF (DETAINJLLE.0.0) GO YO 66

INFILT=1NCAP

GO ToO 77

CONTINUE

DETAIN = 0.0

INFILT=0,.0

GO YO 77

CONT INUE

INFILT = INCAP _
IF (RAIN. LT, INCAP. AND. DETAIN. LE. 0.)INFILT=RAIN

77 CONTINUE
CALCULATION OF NET FLOW OF HEAT AND NET FLUX OF WATER

FLUX{1)=INFILT-EVAP
DO 100 I = 1,NL

NFLOW(I) = FLOW(I) - FLOW(I+1)
NFLUX LT )=FLUX(I)-FLUX(1+1])

100 CONTINUE
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366.
3€7.
368.
369.
370
371.
372.
373.
374,
375.
‘376
377,
378.
379.
380.

381..

382.
283.
284,
385.

386. -

387.
388.
389.
390.
"391.
392.
393.
394,
39S5.
390
397.
398.
399,
400.
401.
403.
404,
40S.
406
407,
408,
409.
410.
411.
412,
a13.
414,
415,
416.
417,
418,
419,
420.
421.
422,
423.
424,
425,
426.

%% 19)
k&

seex 20)
L2 2

sxax 21)

k% 22)

txxx 23)

sxk%k%x 24)

INTEGRAYION OF VOLUMETRIC HEAY CONTENT AND VOLUMETYRIC
WATER CONTENT

VOLHI=INTGRL( IVOLH] 4NFLOW],13)
VOLWI=INTGRL(IVOLWI 4 NFLUX1,13)

CALCULATION OF CUMULATIVE RAIN, INFILTRATION, EVAPORATION
AND DRAINAGE

CUMRN = INTGRL (0.0 5 RAIN)
CUMINF INTGRL ( 0.0 o INFILT )
CUMEVP INTGRL ( 040 o+ EVAP )
CUMDRN INTGRL ( 0.0 » FLUXUINLL))

naun

CALCULATION OF TOTAL WATER FOR DIFFERENT LAYERS

120

130

140

CUMWTR
CUMNT}
cuUMWT2 0.0

CUMWT 3 0.0

00 110 I=14NL

CUMWTR= CUMWTR + VOLW(I)
CONTINUE

DO 120 I=6.NL

CUMWY]1 = CUMWT! . + vOLw(l)
CONTINUE

00 130 1=9.NL

CUMWT2 = CUMWTZ2 & VvOLWw(I)
CONTINUE

DO 140 1=12.NL

CUMWT3 = CUMWT3 + VOLW(I)
CONT INUE

0.0
0.0

CALCULATION OF DAILY TOTALS

88

ZBHJS=IMPULS(86400.,86400.)
IF(ZBHJS.LT.0.5) GO TD 88
INTITRUN 1)=CuMINnE
RN(DNUM~-1) =CUMRN

EVP (DNUM—1 ) =CUME VP
DRAIN(DNUM—1)=CUMDRN
DINF=CUMINF —~ ] NF (DNUM=-2)
DRN=CUMRN-RN({DNUM=~2) '
DEVP=CUMEVP-EVP (DNUM-2)
DDRN=CUMDRN~DRAIN(DNUM=2)
CONTINUE

CHECK WATER BALANCE

BALANS = CUMWYR - IWATER - CUMfNF + CUMEVP ¢ CUMDRN

OUTPUT OF DESIRED VARIABLES

222
1300
1400

150
1500

1600

99

Z=IMPULS(28800.0,86400,)

IF(Z.LT.0.5) GO TO 99

CONTINUE

WRITE(6,1300) WINPUT(1,DNUM),TIME, XDNUM,STIME
FORMAT (' JULIAN DAY NUMBER = ' FG,0," TIME = ' F10.1,
' XDNUM = *,Fl11,0,' STIME = ¢,F7,.4)

WRITE(6,1400)

FORMAT ('O [ *+SXs*DEPTH' 410X, *THETA® (11X, *PPOT 411X,
TFLUX® +OX ¢ *NET FLUX®*,10X,*TEMP?) '

DO 150 T=1,.NL

WRITE(6,1500) J,DEPTH(I)s THETA(L) PPOT(L) FLUX(I), .
NFLUX(1),TEMP(I)

FORMAT( 13,6515.4)

WRITE(6+1600)

FORMAT(IH 7/7/7)

GO TO 111

CONTINUE

ZZ=1MPULS(57600.,86400,)

IF(ZZ.LT.0.5) GO TO 111
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427.
aze,
429,
430,
431,
432,
‘33 »
a3a.
43s,
436,
437,
438,
439,
440,
441,
442,
442,
aa4,
445,
446,
447,
448,
449,
450.
451,
as2,
453,
454,
455,
456,
457,
458,
‘459,
460.
461,
462.
463.
464,
465,
466.

GO TO 222
111 CONTINUE

EXSESFRLRSRBERIL LR AR ROB RSP RN ER AR SR E A SR EEI XD LS SRS KA LS
xRx
¥¥%% Eoecovesserses TERMINAL SECTION
L EE 3
TJERMINAL .
FERCRE EAS SNSRI RS RE R URASCASE AL A S SRR AL SR LR R EREEE XA ES 2R AL S ED
TIMER F NTIM=259200.0,PROEL=86400+,0+0ELT=100.0
PRINT JODNUM, XDNUM, DRN, DINF, DEVP, DDORN, CUMWTR,ye e

CUMWT1 s CUMWT2, CUMWT3, BALANS, CUMRN,CUMODRN,CUMINF s CUMEVP, s o

FLOW(14)
METHOD TRAPZ

END

* % »

* WEATHER INPUT DATA, STORED IN ARRAY WINPUT(11,37)
* JNM oL DGR TYMAX TMIN DMAX DMIN SA BEGIN END RFT
INPUT

1e¢ 10470 100 1640 0.5 3.0 -25 3.0 0,0 0,0 0.0
20 104670 1040 160 0e5 3¢0 ~2¢5 340 9.0 12.0 25.0
3¢ 10470 100 16.0° 0e5 30 -2¢5 3.0 0.0 0.0 0.0
Qe 10470 1040 1660 0eS 3e0 -2¢5 340 0.0 0.0 -0.0
5. 10.70 10.0 16.0 '0-5 3.0 "2.5 3‘0 0.0 0.0 0.0
6es 10.70 10.0 16.0 '035 340 =245 3.0 0.0 0.0 0.0
Te 10.70 10.0 1660 065 3.0 =-2¢5 3.0 0.0 0.0 0.0
Be 10,70 100 160 0e5 3.0 =25 3.0 0.0 0.0 0.0
9. !0070 10,0 16.0 O.S 3.0 —205 3.0 0.0 °.° 0.0
10, 10470 100 16.0 045 3.0 ~2¢.5 3.0 0.0 0.0 0.0
1le 10,70 10.0 16.0 0.5 3,0 ~2.5 3.0 0.0 0.0 0.0

12, 1070 10.0 16.0 05 3.0 ~265 3.0 OO0 OV Ve
13+ 10,70 10.0 16.0 05 3,0 =25 3.0 0.0 0.0 0.0
14, 10.70 10.0 16.0 0.5 3.0 -2.5 3’0, 0.0 0.0 0.0
15, 1070 10.0 16,0 0e5 3.0 -2.5 3,0 0.0 0.0 0.0
O¢ 1070 1040 16.0 0.5 3,0 =25 3.0 0.0 0.0 0.0
ENDINPUY
sSTOoP
ENDJCB
ZJ¥END
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APPENDIX C - CALCULATION OF UNSATURATED HYDRAULIC CONDUCTIVITY
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CALCULATION OF UNSATURATED HYDRAULIC CONDUCTIVITY

PURPOSE: - This WATFIV program is designed to calculate the unsaturated
hydraulic conductivity as a function of water content using Jackson's
nethod (Jackson, 1972: BouwerAand Jackson, 1974). It also states the
relationship between water content vs. pressure potential and water
content vs. hydraulic conductivity in the form required for a CSMP III
FUNCTION statement. Note, that the symbols used for variables in this
program are different from those used in the general model.

INTRODUCTION: In order to use this program, three parameters must be

. known. These are:

1. the saturated hydraulic conductivity of the soil, (OOND(1)), in
ws.

Z. The relationship between pressure potentiél, (PP(I)), in m water
colum and volumetric water content, (TH(I)), and

3. the maximum value of water content, (TH(1)).

The first two'parameters are obtained experimentally and the third one
is estimated by calculating the porosity of the soil, i.e.

TH(1) = porosity = 1 - DB/PD |
where DB is the dry bulk density of the soil in g/cm3, and PD is the
particle density of the soil, usually taken as 2.65 g/ons.

It should be noted that Jackson's method requires detailed
information on the relationship between pressure potential vs. water
content for high values of pressure potential, i.e.> - 0.50 m.
Experience has shown that this information has a critical effect on the

results.
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PROCEDURE: This section outlines the procedure that should be followed
to obtain the values of pressure potential for different values of water
content from experimental data.

1. Plot the relationship between pressure pofential vs. volumetric
water content forAvalues of pressure potential > - 5.0 m on a linear
scale. To the value of 0.0 pressure potential assign the maximum
water content (TH(1)). A semi-log graph of pressure potential vs. water
content is used for the remaining values of pressuré potential.

| 2. Select an increment for the volumetric water content (DELTH),-
i.e. 0.01, 0.02.
3. Calcuiate'the number of values of water content (M) for which the

" hydraulic conductivity is to be calculated.

M = THMAXIMM) - THQMINIMIM) 4 1.9
DELTH

4. From the graphs, read the values of pressure potential that
correspond to the midpoint of each equal increment of volumetric

water content. This is illustrated with an example.

EXAMPLE: DELTH = 0.02, TH(1) = 0.42

WATER CONTENT MIDPOINT PP(I) (-m)
INTERVAL
0.42 - 0.40 0.41 0.07
0.40 - 0.38 0.39 0.22
0.38 - 0.36 0.37 ~0.60
" 0.04 - 0.02 0.03 29000.00
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INPUT TO THE WATFIV PROGRAM:  The following input cards must be specified,

in the secquence given, after the //$DATA card.

DATA CARD NO. IDENTIFICATION RESTRICTIONS

1. TITLE up to 80 alphabetic
' or numeric charaters

2. TH(1) Real variable

3. | DELTH Real variable

4, M Integer

S. PP(1) - Positive real

variables

I+4 : PP(I)

M+4 | PP(M)

M+5 : COND(1) Real variable

OUTPUT: The output of the program is in three parts. The first

part lists the title and the input data. Note that in the first
table the values of PP(I), LOG10 PP(I), and RH(I)'correspond to
THETAM(I), the midpoint water content. The second part lists the
results. Note\that in the se;ond table the calculated value of hy-
draulic conductivity, (COND(I)), corresponds to THETA(I). The
maximum hydraulic conductivity (COND(1)) should correspond to the
maximum value of water content (TH(1)). The third part is a table of
volumetric water content VS. pressure potential, and volumetric water
content vs. hydraulic conductivity, in the form required for a CSMP

FUNCTION statement.
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//JACKSOK JOR (RO42,402E,*C2,00%,7L)," LASCARO .
/*RATFIV

CALCULATE HYDPAULIC COUDNCTIVITY
JACKSNY 1972 SSAP 36 : 380-1382

S0 SE2 08¢ 4SRC OSSR PONVECEPSS SRS PRNECSOEISIESOSCOOIBSSIERENCLOISIOSTS

THE NZICESSAPY INPUT TOR THIS CALCULATION IS GIVEN BELOW
THE SYPLANATION OF INPUT VARIABLES IS GIVEN IN THE PROGRAYM

DATA CARD ¢ IDENTIFICATION

1....'......‘...0.'......I.TITLE
2.'o..o00c-o‘..-.--.o.oc.o.?“(')
3......'......Q.IQIO.Q..'.‘DELTH.
ul...C.'..Ooo..lo'.o.'oo..o.n
SCO0...co.oo.ooo.o..-.-.ooopp(1)
I’u.-.......I..'I....l!'...'PP(I)

. H.u....O.I...Q..ll..‘..... PP(H)
ﬂ.sooooo_-Q-o-o-.oo-.uooc.i.COND(‘)

U EEEACEINREAEENLAIT I E ORI EOIANIEIINNSO A EISOP PO NEV OIS IISTE
REAL NONI, NNMJ, LCOND, LPP

INTEGER TITLR(80)

DIMENSION TH({(79), PP(70), R2LCON(70), COND(70), LCOND(70), °"H(70)
DIMENSION LPP(70) ,THETAN(70),THX(70) ,CONDY (70),PPX{70) ,THY(79)

[4

c ,
c INPUT DATA
o READ TITLE (NAME OF SOIL, DEPTH,OTHER INFOPHATION)
READ(S5, 11) TITLE
11 PORMAT (2011)
c MAXINUM VALUT OF WATER CONTENT

READ, TH (1)

DEFINT STEP STZT (INCREMCHT)

READ, DTLTH

8 IS THS TOTAL NUMRER OF VALUSS OF WATER COLTIENT FOR WHICH THE
HYDRAULIC CONDUCTIVITY IS CALCULATED

B CAN BE CALTULATSD FROM THS POLLONING EXPRESSION:

% = (TH(MAYTINUH)-TH(BINIMUM))/DELTH + 1.0

'READ, M T :

(@]

€182 ¢€3 €2

PROGARAN

00

DO 10 I = 1,% _ _

TH(I) = TH(1) - (I-1) *DRLTH

THETAM(T) = TH(T)-(DELTY4/2.0)

READ PRTSSHRE PHTENTIAL VALUES 1N N, CORRESPONDING TO THEIR
RESPECTIVE VALWES FOR THE CENTER OF EACH INCREMENT THETA.
READ, PP (V)

PP(I) = -PP(I)

RH(I) = EXP(PP(I)/16091.)

¢ 0y
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61. LPP (I) = ALNG10 (~PP(T))

52. 10 CONTINUF®
63. DENOM = O,

54, D0 20 J = 1,H

55. DTNOYJ = (Z‘J 1)/(°P(J)"2)

h5. DFNOY = DENOM + DENOMJ

57. 20 CONTINUT

58. o GIVS MAYINIUYM CONDUCTIVITY IN M/S (SAT. counucrlvxrv).

9. , READ, COND(1)

70. c RECO?D OF TINOUT DATA

71. WRITE(6,857) TITLS

72. 850 PORMAT('1',//,20¥%, '"TITLE: *,80A1, e

73. WRITE(6,900)

4. 900 TORNMAT('-',//,45Y,'INPUT DATA',//)

15. _ WRITE(6,1000) TH(Y)

15, 1600 FOPMAT('-',20%, 'MAYIMUM VALUE OF WATER CONTENT =t ,F4.2)

17. . WRITE(6,1109) DESLTH

78. 1199 FORMAT('-',20X, "INCREMENT OF WATER CONTENT =',F5.3)

79. WPITE(6,1200) M

3). 1200 FORMAT('-!', 20X,'NUHBFR OF VALJES OF WATER CONTENT, FOR WHICH X TS
81, 'S;ALCULA"”D = ¢,13)

82, WPITF(6,1320) cows(1)

33. 1300 FOPMAT('-',20Y,'MAXINUM CONDUCTIVITY (SAT. coun )y =',E14.,5
8u. $,2X,'4/5") . i

85. : H”TTF(6 1un '

36. 1409 TORMAT(*0',29Y,'THFE VALUFES OF THETAM APE THE HMIDPOINTS',/,

. 87, 321Y,'0F ZACH INCREMFENT TO WHICH THE VALUES OF PP(I)',/.
- 88, $21X,'COPRESPOXD ACCORDING TO SXPERINENTAL DATA')

89. _WRITE (6, 1450)

30. - 1457 FORMAT('0',20Y,'THT LOG10 VALUE OF PP(I) AND RH (I) COKRESPOND',
3. £/,21Y,'70 THE VALUE OF THETAN(I)',////) ’
92. HP*TF(6 1500)

33. 1500 FORMAT('-',20Y, 'TH“TA(I)',2X,'TﬂETAH(I)' uy,*PP(I) (K)}',2X,
34, 110610 PP (I)',2Y, 'RH(I)')

95. oo S0 I=1,M

36. HRITE (€, 1600)”H( ),T"TTAH(I),DP(I),LPP(I),PH(I)

37. 1609 FORMAT(' *',23¥,F4.2,AX,F4.2,5Y,F9.2,6X,F6.2,2%,F6.2)

93. 50 CONTINUT

99, DO 30 I = 1,4

100. NONI = 0.
11, ‘ 90 40 J = I M

192. NONJ = (2%3 + 1 - 2¢1) /(PP (J)**2)
133. NOKI = HOMT + NOMJ

1. 40 CONTINUF o

135, RELCOU(I) = (TH(T)/TH(1))*(NO%I /DENON)

1J5. COND(T) = 2ELCON(I) *CCND(1)

137. LCOKD(I) = ALOG1D(COND(I))

1)3. 30 CONTINUR

1J9. WPITE(6,17N00) :

119, 1700 FORMAT ('Y, ////// ,U4SY , 'RCSULTS',//)

111, WPITE(6,1300) _ .
M2, - 1800 - TORMAT('-',20Y,*THTTA (I)',4Y, "RELCON(I)*,U4Y,*COND(I) "', Y,
113. _ $°L0G1D COND(I) ") .

114, DO 60 I=1,%

115, HR:TE(6,1900) TY(I),RELCON(I) ,COND{I),LCOND(I)
115, 1900 FCRMAT(' ',21Y,F6.4,4X,510,4,3X,E10.4,4X,F6.2)

17. : 67 CONTINUE ! _

118. WRITE (6,2000)

119, . 2000  FORMAT (1il1)

120. K=0

121, DO 90 J=1,%4

68



122,
123'
lzu.
125,
126.
127,
128,
129,
133,
131,
132,
133,
134,
135.
13s,
137.
138.
139,
140.
’u‘.
142,
143,
144,
'!‘51
1“5.
147,
1438,
149,
150,
151,
152,
153.
154,
155.
156.
157.
158,
159.
160.
151,
162.
153,
‘6“.
165.
166.
157,
158,
169,
170.
171,

9C
210(
2200
170
2300
2u09
119
2500

KK=X-X

THX (J) =THETAM (KK)

CONDY (J) =COND (KK)

THY (J) =TH (KK)

PPY (JJ =PP (KK)

K=K+1

CONTINUE

HeITR(6,2100)

FORMAT (YU Y) -
nn oann J=1,n8

d°ITE(6,2200) THX(J) ,PDY (J)

FORMAT (' ',20X,'(',F6.3,%,*,F10.2,%'), «se')
CONTINUE

WpPITZ(6,2300)

PORNAT (1M Y)

DO 110 J=1,n

WPITE(6,2400) THY (J),CONDX (J)
CORMAT (Y ',20%X,* (', Fh 3, ,",EV4.7,"), ..s")
CONTINUE

WRITE(6,2500)

PORMAT (141)

STOD

TND

//73DATA
NORWOOD SILT LOAY, AGRONOHMY FARM, 0,00 - 0.20 4 DEPTH

0.02
0.020
20
0.07
0.22
0.60
1.29
3.60
7.20
11.9
18.0
30.0
45.0
74.0
160.0
370.0
700.0

1500.0
3009.0
~ 6000.0

. 10000,
16000,
29099,

0
n
0

5403-07

/%*END
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TITLS: NOFWOOD SILP LOAM, avhONONY FAR

INPUT DATA

MAXIMUM VALUE OF WAITEZE COWTZINT =0.42

INCREMERT OF WATER COXNTEXNT =0.020

N, 0.00

- 0.20 ¥ DEPTH

WUMBER OF VALUES Or WATZR CONTENT, FOR WHICH K IS5 CALCULATZD

MAXIMUM CONDUCTIVITY (5a7. COND.) =

THE VALUES OF THITAN arI TdZ MIDPOINTS
OF “TACH INCREMINT IJ 4H4ICH THII VALUZIS

0.50000E-06 /S

CF PP(I)

COPRZSPOND ACCORLING D EAPERIMENTAL DATA

THE LOG10 VALUE OF PP (X) AND PH(I) COR
TO Th& VALUE OF ThHZITaU(I)

PHZTA(I) THITAMN (I) P2(I) (M) LOG1
0.42 0.41 -0.07
0.40 0.39 T =0.22
0.38 0.37 -0.60
C.36 0.35 T -1.20
9. 34 0.33 -3.60
0.32 0.31 -7.2¢
9.30 0.23 -11.00
0.28 0.27 -18.60
0.26 0.25 -34L.00
0.24 0.23 -45.00
n.22 0.21 -74.00
0.0 0.19 -160.0C0
0.18 0.17 -370.00
0.16 0.15 -760.00
0.14 0.13 -1500.00
0.12 0.11 -3C006.060
2.10 0.09 -6000.00
0.08 0.07 -10006.C0
0.06 0.05 -16000.00
0.04 0.03 -29000.00

70

RESPOND

0 PP(I)
-1.15
-0.66
-0. 22
0.08
0.56
0.86
1.0u
1.26
1.48
1.65
1.87
2.20
2.57
2.85
3.18
.48
3.78
4.00
4.20
u.b6

RH(I)
1. 00
1.060
1.00
1.00
1.00
1.00
1. 00
1. 00
1.00
1. 00
0.99
0.99
0.97
0.95
0.90
0.81
0.6%
0.u9
0.32
0.13



THITA (1)
0.4260
0.4000
0.3600
0.36G0
0.3L00
€.23200
0.3000
0.2600
0.2600
0.2500
0.2200
0.2000
0.18C0
0.1600

0. 1400
0.12006
0.1000
0,0000
0.0600
0.04CO

RELCOI (1)
J. 1000k 91
0. 1111 o
0., 17U6=~01
0.3388E-0¢2
0.6131:-03
G.13855-93
0.7182E-04
0,2u48CE-Cw
0.839312-05
0.2025E-35
0.6530r-U5
0.126,52-00
0,2927E-)7
0.5693:-C3
0.12072-34s
0.2823E-09
0.71312-10
G.373u45-11
0.3S61E-12

71

RESCLTS

COND(I)
0.5000E-06
J.55532-07
G.87285-04
C.163uC-Cd
2.3065E-09
0.99155-10
0.35912-10
0.126CE-10
C.4156E-11
0.13135-11
9.3265E-12
0.63135-13
0. 12630-13
0. 2846E-14
2.6033E-15
0.1411E-15
0.3566C-16
7.22158-17
0.1567E~11
0.19802-18

LO31C COND (1)
'6.30
-7.206
-8.96
-3.717
-92.51

-10,09
-10. 44
'1009'
-11.133
-11.83
-12,49
-13.20
-1309')
-14,59
-15.22
-15.85
-16.45
-17.04
-17.73
-18.70
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0.030,
0.050,
0.070,
0.030,
0.110,
0.130,
0.150,
1.170,
0.190,
0.210,
0.230,
0.250,
0.270,
0.230,
0.310,
0.330,
0.359,
0.379,
0.390,
0.u10,

-29000.0v),
-16000. uL),
-16000.00),
-600C.0L),
-3000.00),
-1500.00),
-700.09),
~-370.006),
-160.00),
-74.00),
~45.90),
~30.00),
-18.00),
-11.00),
-7.2L) .
-3.60),
-1.2G) .,
-0.60),
-0.22),
-0.07),
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0.0u0,
0.060,
2.080,
0.100,
0.120,
0.14G,
J.1690,
0.180,
2.2006,
0.220,
0.:40,
0.260,

‘0.280,

D.300,
90.320,
0.340,
3.360,
0.3380,
0.400,
0.420,

0.198043.2-18), ...
0.1867C95%E-17), ...
0.92151152-17), ...
G.35656CHz-16), ...
0.1411495%-19), ...
0.603284u4E-15), ...
0.2846u57=z-164), ...
0.1263317z-13), ...
0.6312881E-13), ...
0.32650922-12), +e.
0.13126142-11), ...
G.41556332-11), ...
0.1239914E-1v), ..
0.3566753z-10), ...
0.99145472-1v), «..
€.30053722-9%, ...
C.169U42148-0b), ...
0.8728053E-0d), <.
0.5553067=z-07), ...
0.50000002-96), ...
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