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PREFACE

' -Thié documentation is prepared for the Goddard Modeling and Simulation
.Pfogram (and -others with some familiarity with géneral circulation modeling)
to provide a detailed description of a ground hydrology par§meterization that
can bg used in the Atmosphe}ic General Circulation Model (GCM}). The prepa-
ration of this documentation 1s part of an ongoing program involving
hydrologists with atmospheric modelers to develop realistic interaction
between the ground hydrology and the atmospheric components in the GCM.

In 1973 the GISS-GCM was documented by Tsang and Karn (Tﬁ). In this version.
the ground wetness is kept constant according to the particular monthly
climatic sufface~relative humidity values for the globe. Thé ground wetness
paraﬁeferizattons were subsequently reviséd by GISS modelers to account for
the effects of a variable ground wetness on the atmosphere. However, we

have found a serious lack of information about how the parameterizations

were developed. Our documentation is based primarily on the ground wet-

ness and related sections of the computer coding (Subroutine COMP35).

This documentation is not intended to be self-contained. The reader
ghould refer to TK for further detalls.

We have developed an off-line test;ng program for diagnostic and
sensitiviéy studies of the ground wetness aﬁd'gfound temperature parame-—
térization. As a result, some revisions and refinements of the Ground
Hydrology Model (GHM) were incorporated in an off-line éersion, labeled

as UCHNI.
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PART I

MODEL DESCRIPTION



I. Introduction

The ground hydrology portion of the Goddard GCM models the moisture
transport processes reléted to the earth's surface that were consiaered‘tp
be important to the GCM. The evaporative,‘ sensible and ground heat fluxes
that are calculated in- the ground hydrology are the principal- terrestrial
outéuf parameters for the GCM. The principal input parameters to the GHM
from the GCM are p?ecipitation, either in the form of rain or snow, and net
solar radiation. Imn the hydrologic cycle the net change in ground cell
moisture levels and surface water storage are generally small for long-term
averages; then precipitation, evaporation and runoff are the major components
of tﬁe moisture balance in the GHM.

The present GHM parameterizations are conveniently divided into the
following parts:

a) ground wetness and soil parameters,

b) precipitation,

¢) evapotranspiration,

d) su;faée'étorage of snow and ice, and

e) runout (moisture Which-is unavailable for evaporation and for cell

moisture changes). . —

In this documentation all of the above moisture'transfer processes are
considered. In addition, the effects of ground wetness on the ground
temperature, the -surface specific humidity and the éurface temperature will
be treated geparately. The discussion focuses on understanding ﬁhe computa~-
tional aspects of‘thé GHM and how they affect the flux estimates. This
documentatiog does not atteﬁpt to develop an extenaive derivaéion or

statement of assuﬁbtions for the parameterizations at this time. Although



an attempt has been made to fully understand the current GHM parameteriza-
tions we must poiTxlt out that the presently available supporting documentation
for this report was not completely adequate; therefore we made inferences
from thg GHM computer code. ‘
dontrary to tﬂe traditional hydrology model which is baséd on the
approach.of drainage basin system, the development of the GHM parameteriza—
tions are designed to capture, in a gross manner, the verticdl fluxes for‘a.
terrestrial cell 4 degrees latitude by 5 degrees longitude. This type of
approach or modeling for hydrologic processes like evapotramspiration,
runoff, infiitration, etc. is difficult because of the large size of the
cell (which requi?es arbitrary lumping of hydrologic parametérs) and the
arbitrary divisions of the latitude and longitude slices that generally
cut through drainage basins. The fundamental moisture coupling concept is
* based on the storéég.capacity of the soll molsture near the surface to
satiéfy and therefore regulate the actual evaporative-demand. The actual
evapotransplration depends on fhe characteristics of the ground surface,
s0il moisture 1e;el and the potential atmospheriec evaporative demand.
The computer programs and the flow chart for the 'GHM are described in
Sec. IIL. ‘An off-line ground hydrology model (OLM), devised for diagnostic
and‘sensitivity étudies, 1s discussed in Sec. IV. .Some results from numerical
exﬁériments are also presented in Sec. IV. The coméuter proéram description
and flow chart for the OLM can be found iﬁ:Sec. V. Listings of both -programs
for the GHM and OLﬁ are in Appendix B with symbols and notations described

in Appendix A.



iI. Formulation

2.1 @round Hydrology

The present ground hydrology parameterizations are developed for
a ground layer of uniform thickness throughout the globe for each cell
following essentially the approach outlined in Arakawa (1972). The funda-
mental ground moisture concept is based on the availability of moisture
in soil to satisfy the_evaporétive demand of the atmosphere either from
bare soil surface or from vegetation canopies. - The equation of moisture con-
servation is given by

shM . _p_g -Rr - Psi
P ] 5 o ~ Py THt

Sh 3 (2-4-32

where w' is the ground wetness in [fraction of saturatiom],
bw is the densify of water in [g cm 3},
S is the porosity of soil,
h is the depth of the ground layer in [cm], -
P is precipitation in [g em™2 s71],
Eg is evapotranspiration from the ground surface in [g cm~2 s”1],
Ry is 'runout'" of water from the cell in [g em™? 5717,

(This is not the conventional hydrologic definition of runoff (Sec 2.1) Runout))

and 8.1 is the surface storage of snow or ice in [em}. .-

There are tiwo additional conditions governing the ground wétness:

(1) 0<w' <1 (2-1-1b)

(i) w' =1, 8, >0 (2-1-1¢)



Certain critical remarks concerning the fundamental concerc of the
parameterization are necessary at this point. The present formulation
of the GHM incorporates the following basic hydrologic asgumptions:

1, surface water storage other than snow and ice i; negligible;.

2. the presence or absence of a ground water table is ambiguous;

3. ground water storage or storage in the aerated zone below
the bulk layer is neglected;

4. horizontal moisture fluxes between adjacent ground cells -
surface runoff, flow in the unsaturated zome, groundwater
fiow, déep vertical percolation, ete. — can be either lumped or
calculated by a term R, in (2-1-la), and

5. the hydrology of individual ground cglls are independent of
each other, i.e. mass continuity of the horizontal moisture

fluxes is not preserved between adjacent cells.

Another major concern of the parameterizations for the GCM is how
the actual evapotranspiration, E,, in (2-1-la) can be estimated, because
Lo also affects the ground temperature and the sensible heat f£lux -

(see Sec. 2.2 and 2.3} in addition to the moisture flux balance.

Ground Wetness and Soil Parameters

The ground wetness in the present parameterization is ' not clearly
defined, causing a certain amount of confusion. Inferences had to be made
from the specific values assigned to the soil parameters. The depth of
the ground layer is not explicitly specified; instead, a maximum amount
of water, w_or WG, available for actual evapotranspiration is pre-

scribed for two types of soil layer: WGM = 66.4 g for a "composite soil"

4



and WGM = 4.0 g for a "sandy soil." In addition, an impervious surface

is identified by a "ROCK" factor. In reference to UCLA's model [Arakawa,
1972], an amount of 10 g available for actual-evapot;anspiration

was used. Therefore, it appears that WGM in this model is closer to the
saturation moisﬁure content than thé UCIA's maximum available amount. If
wé interpret the WGM as the saturation moistiire content, then the ground
wetness, w' (WET), in this model is defined by volumetric moisture content
as a fraction of saturation. We have adopted this definition throughout
this doéumgntation. , Thus, wp = pySh in (2-1-la). For the 'composite soil,"
Wy = 66.4 g which is equivalent to specifying S =‘0:52 and h = 1.28 m.
However, the maximum Available moisture of 10 g in UCLA's model has been used
as the range over which the actual évapotranspiration is scaled from the
potential evaporation by a coefficient B. B is defined as the ratio of
actual evapotranspiration to potential evaporation. For the ''composite
s0il," the lower Iimit of this range is set in the neiéhborhood of the
permanent wilting percentage, PWP (USM) at a ground wetness, w', of 0.1,
while the upper limit has a value of 0.25 which is near field capacity, FC.
The avallable amount of moisture for actual evapotranspiration (0 < g < 1)
is then ASM = 0.15 x 66.4 = 10 g (=FC-PWP) [Salter and Williams, 1965]}. The
parémeterization for evafotranspiration will be discussed later.

For the sandy soil", ASM = 0.065944 g and USM = 0.024278 g, which are
consistent with the field capacity and permanent wilting percentage for a
§andy loam [Salter and William, 1965]. The value of W ; 4.0 g is ﬂot .
consistent with the parameterization outlined in the preceding paragraph.
Howevqr, if 4.0 g is intended as the maximum available amount of moisture
for a desert region, then the layer thickness should be adjusted according

.to the porosity of the "sandy soil."

5



Another important aspect of ground wetness in the model roncerns “the
transformation of the initial values of Mground wetness" from the climate data
of Schutz and Gates (1972). The ground wetness is first derived from the

surface relative humidity-data of Schutz and Gates according to
- 1

r -15 :
0 < CGW< 1 (2-1-2)

_ 5
GW = ~=— , 0 < GW <

where T, is the surface relative humidity and GW is the initial '"'ground wetness"
input matrix in the GCM. We cannot find the basis for this transformation.

This ”groun& wetness" is coded as WAT, which is-used only for computing the
surface relative humidity and the criterigp temperature (TK, p. 132).

For the ground hydrology, another transformation is carried out according to

WET = 0.5*(0.3*GW + 0.4) (2-1-3)

which reduces the initial "ground wetness' from the range of (0,1} to

(0.2, 0.35). Schutzland Gates! surface relative humidity may be considered
as a long-term climatic average value which is proportional to the corres-
ponding quantity near or on’ the ground surface. It is well known that-in
moist soil the relative humidity in the soil remains high even if the soil
ﬁoisture content reaches field capacity tChild, 1969]. This implies that the -
atmospheric rela££vé humidity near the ground becomes less than unity only
when the ground wetness falls helow the fieild cgpacity. Thus, it is reason-
gble to scale the range Ef the surface relative humidity data 6f Schutz and
Gates for the ground wetness between the field capacity and the permanent
wilting percentage. Since the ground wetness in -this model is considered
‘;s depth averaged value, the ground wetness on the ground surface could
"become less than the permancent wilting percentage during an extended drying

cycle. Therefore, the range of the ground wetness scale should be .somewhat

larger than the interval between the field capacity and the permanent wilting

—6—



percentage to realistically accomplish the transformation. The upper limit
at WET = 0.35 is not unreasonable, but the lower limit at WET = 0.20 should

be reduced to a value at or below the permanent wilting percentage.

Precipitation

The precipitation is the primary moisture input in this GHM in the
form of réin or snow. The contribution of rain to the ground wetness is’
by means of the surface infiltration. There is ru)surfacé retention of rain
water allqwed:in,the model. The surface runoff and seepage are lumped
together as the "runout."  Snow is first accuﬁulated on the ground surface
as a form of surface storage. Whether it.@ill contribute to ground wet-
ness depends on the ground temperature above or below the freezing tempera-

ture. Therefore, the melting of snow will affect both the ground wetness

and the ground temperature.

Evapotranspiration

The actual evapotranspiration in the GHM is scaled from the potential
evaporation Ey means of a scaling factor, . The potential evaporation, Ep

(PREVAP) in [mm/hr], is given by '
Ep =, ws(qg - q.) T (2-1-4)

where P is the dénsity of air in [gem 3],
FD is the drag coefficient,
W, is the surface wind speed in (ms~1y,
qg is the surface specific humidity at a Qeference height above the
ground surface, and
q* is the ground saturation specific humidity.

-7-



The ground saturationfépecific humidity is a function of the average
ground temperature in the diurnal layer. The actual evapotransporation,

ES (AET) , is scaled down form (2-1-4) according to

Eg = BEP s 0<B<1l, (2-1-5)

For ocean, snow and ice, B = 1. For land, B is a function of ground
wetness, soil characteristics, solar angle and the potential evaporation
as the following:

B=(8 )*(1 - ROCK) ' (2-1-6)

plant * Bsoil

where B = 1. - exp {[-0.1*VPM*exp (16.75*VPM)/PREVAP] *PLANT} ,.
plant (2-1-7)
Boiy = 1o - exp[-0.01*VSM*exp (16.75*VSM)/PREVAP] (2-1-8)
VSM = 2.*WET*(ASM + USM) (2-1-9)
and
VPM = 0.1*VSM/USM + 0,2%(— oM = USM . (2-1-10)

ASM

It has been suggested that the pavameterizations of (2-1-7) to (2—1-10)-
are’ based on Van Bavel (1966) field study. However we are not able to pin
down these relationships quantitatively. ‘Therefore, a study of the range of
variation of the above parameters was carried out as follows. The PLANT

factor given as a function of solar angle, Z,

PLANT = min (1.0, gg%é%% (2-1-11)

is shown in Piéure 1. It is interesting to note that for the 32° N Latitude,
the ratio of daily maximum solar radiation at the ground between Dec. 21 and
June 21 is 0.4 [Koberg, 1962] while the ratio of average PLANT factor dexrived
from Figure 1 is 0.67." Similarly, the ratios for April 21 and August 21

were found to be 0.85 and 0.95, respectively. The comparison indicates that



the PLANT factor based on the solar angle is overestimated based on Koberg.

For specified values of E_ and PLANT, the scaling factor g given in (2-1-6)

p
is plotted in Figures 2(a) and (b) for the composite and sandy soil. These

figures indicate that B dominates the actual evapotranspiration scaling

plant
factor. The intent of the specified values of field capacity and permanent
wilting percentage in relation to B is not evident from the coded parameteriza-
tions. TIn an attempt to understand the effect of field capacity and permanent
wilting percentage values we compared B with the parameterization of agricultural
crops and a soil [Monteith, 1975]. This is presented in Figure 3 which shows
that the current parameterizations represent a revision of the UCLA values and

do not follow conventional agricultural type variations. For Ep = 0.1 mm/hr

or approximately 1,2 mm/day if transpiration is shut off during the night,

B~ in the current model comes closest to the linear variation of the UCLA

scaling factor between FC and PWP explained in Arakawa [1972].

In summary we see that the scaling factor for the calculation of actual
evapotranspiration is a function of solar angle, Ep, soil type and moisture
content and that in a gross sense the family of curves presénted in the examples
of Figure 3 is consistent with the previous UCLA formulation. However, there
exisfs an inconsistency for the scaling factor in relation to the field capacity
and permanent wilting percentage. If a parameterization embodies pertinent
soil characteristics such as field capacity and permanent wilting percentage,
the scaling factor should approximate the simple rule: a) once ground wet-
ness has exceeded field capacity the actual evapotranspiration rate should
approach the potential rate and b) at or below field capacity the scaling
factor, 8, should fall below 1 and approach zero as the permanent wilting per-
centage is reached. The parameterization in this model does not follow this rule,

tending to scale down the potential rate excessively. If realistic evaporation

-9



fluxes from the model are to be expected the potential rate would have to

be significantly higher to compensate for the lower values -of the scaling fac-
tor 8. On the other hand, the value of B is limited by this potentiél rate

in the "exponent of (2-1~-7) and (2-1-8). Therefore, it appears that the

actual evaporation rate is in peneral underestimated in this model. This

may. significantly affect the calculation of moisture fluxes 2s an input to the

GCM. See Section IV for further details.

" Surface Storage of Snow and Ice

The surface storage in the GHM is in the form of smow, ice or mixed ice
and water.  There is no surface storage of rain water on the ground surface
during or after a rainfall. Thus the absence of surface storage inherently
affects the computed values of ground wetness. The storage affects not only
fhe ground wetness but also the ground temperafure through transfer of
latent heat. The thickness of snow and ice and the fract%on of ice in
mixed ice and water are updated every time step. - The surface storage in
the ground wetness equation (2-1-1) ‘and the latent heat transfer term in
Fhe ground temperature equation (see Sec. 2.2) are adjusted siﬁult@neously.
"Again the "ROCK" factor characterizing the impervious‘surface is appropriately

incorporated in the adjustment of the transfer processes.

-10-
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Runout

The term, "runout," in the present GHM has a special meaning which
is different from the "runoff" conventionally used in hydrology. Runoff
is generally considered to be the continuous gravity movement of water
on the ground surface and in channels with a characteristic magnitude
which should be consistent with the intensity of precipitation, infiltra-
tion and topography of the ground surface [Ward, 1975] The runout in
this model is divided into two regimes, depending on the relative magnitude
of the rainfall rate and the maximum surface infiltration rate.. Runout
is defined as, in a gross sense, the sum of all éutgoing moisture fluxes other
than evapotranspiration from a ground cell. In view of the assumption of
hydrologically isolated ground cells, the runocut moisture neither enters
the surrounding cells nor is being stored in ‘a lower ground layer. There-
fore, the amount of runout estimated in the model represents the portion
of rain or melting snow which cannot contribute to the ground wetness and
evapotranspiration. Runout consists of (a) surface runoff, (b) percolation
and (c) any excess of moisture above the capacity of the soil layer (w's> 1).
Before calculating the runout, an infiltration rate.is first calculated

as one half of

BBFACT = 2, *FILTF*EXP (-1.75% (ADINF-0.5)) in [em/hh] (2-1-12)
qhere

FILTF = [1,77.%EXP {~0.036* (TG - TICE)} + 0.44562]1 (2-1-13)
and

ADINF = 1.25%(2 .%YET--0,.2)~0.5 (2-1-14)

15~
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wﬁere TG and TICE are the ground and freezing temperature. FILIF is a
temperature dependent parameter as shown'in Figure 4‘gnd ADINF is a function
df grouﬁd wetness. Both ADINF and BBFACT as a function 'of ground wetness
are shown in Figure 5. However, the physical implications of ADINF and
-#iLTF are not known at this tiﬁe. When. the rainfall rate exceeds twice

the maximum surface infiltration rate (MSIR), the excess contributes to

the zrunout, or

RUNOFF = RAIN - .5*BBFACT in [cm/hh] : (2-1-15)

When the rainfall rate is less. than twice the BBFACT, the runout is

calculated by

RUNOFF =.5%(RAIN)%/BBFACT in [em/hh] - . (2-1-16)

These formulas are shown graphically in Figures 6 and 7. Again, the hydrologic
basis "for (2-1-15) and (2-1-16) is not known to us.

Given ‘the ground temperature and soil moisture values one can first
estimate the BBFACT from Figure 5. Then, for a given rain input one can
obtain the runout by using Figure 6. Soil characteristics or vegetal'cover
effects are not considered in obtaining runout,valﬁes. What are the charac-
teristics values of runout? The following numerical example will help answer’
this question. Since typical global soil moisture contents are gemerally
less than field capacity, WET = .25 should be a reasonable value for a
field capacity or the upper limit of mean soil moisture values. Taking a
typical ground temperature, say 20°C, one finds, from Figure‘S a value for the

BBFACT of 4.75. 1In Figure 6 we see the following for BBFACT = 4.75:

-16-



RAIN  RUNOFF

[em/hh]| [em/hh]
1.0 .1
2.0 .4
30 .8
4.0 1.5

A rteview of the computer output from the GOM indicates that the rainfall
rates rarely exceed 1 [cm/hh]. The above table implies that runout is
génerally a small part of rain or that the major portion of rain con-
tributes to cell moisture changes. However, a recent study indicates
that, on a global scale, the ratio of runoff (which is a part of runout
in GHM} to rainfall over the continent is 0.36 [Baumgartnexr, 1975].
Finally, runout versus soil moisture for a given temperature is plotted
for various rain values in Figure 7. In the model, the runout is
adjusted for the percentage of ROCK on the surface. The effect of a
nonzero value of ROCK is to increase runout which reduces the surface
infiltration rate.

In order to balance (2-1-la) the 'runout is computed according to
(2-1-12) through (2-1-16). Two corrections of runout from the cell are
made by (1) limiting the ground wetness to be less than unity as (2-1-1b)
and (2) percolation by reducing the ground wetness in an amount -of 5% if
the ground wetness exceeds half of its maximum value.

In summary, the runout parameterizations are a function of rain, cell
moisture content and temperature. fhis represents a change over the previous
UCLA model which used a linear scaling factor of the cell moisture to obtain
a value of runoff. From the numerical example presented above it has been
shown that runout is a small part of rainfall rate and hence plafs a minor

role in the calculation of cell moisture changes in this model. However,

-17-
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Baumgartner has' shown that runoff, which is less than runout, is not negligible;

hence the GOM calculations of cell moisture are questionable.

2.2 Ground Temperature

The grdund‘temperature in the GOM-has been documented in TK. As
the ground iemperaturé is intrinsically coupled with the gr;und wetness, we
intend to discuss only the terms in the ground temperature equaﬁion involving
the ground wetness. The groupd temperature is given by

aT '
¢ EE& .=,RN'“ Fg - LBg + Q + 83 - (2-2-1)
where Tg is the ground temperature in the diurnal ground layer [Arakawa and
Mintz, 1974] in [°K],
€ "is the total heét capacity in [cal cm™2 deg™!],
Ry is the net radiation flux at the ground surface positive downward
in [ly &ay'}],
‘F. is the upwérd flux of sensible heat in [ly day™ 1],
LE_ is the upward flux of latent heat in [ly day~l],
Qp is the-heating or cooling due to conduction through sea ice from
the ocean below in [ly day~!], and
S. is the transfer of latent heat due to melting of ice or snow or due
.to freezing of water in [ly day™!].
The ground temperature equation is discretized with respect to time by an
implicit scheme and is updated in. the time step befbre-updating the grouné
wetness. The finite difference equation is given in TK without the term,

S:, as ;he following:

i:
‘nAt [R,~F - LE +Q + S ]n,
2 N At [Ry - Fg s m o i
g T g 3Ry oF, 8B, 8Q ) (2-2-2)
Cr g+ * Lor - o7
g g g g
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where the superscripts n+l and n indicate the time step and ng At is the

time interval used in the subroutine.

oF aE
S

. s
In Equation (2-2-2), the terms, F_, LE ., z= , L

a—T-;,SiandC,

s)

invo%ve ground wetness, The latent heat flux, LEs’ or the actual evapo-
trapspiration, E;,_has been discussed in Sec. 2.1. The sensible heat flux,
Fg, will-be discussed in Sec. 2.3, because both the ground temperature and
the surface temperature“are affected by ground wetness. The total heat |
capaciéy is defined as

1/2
(cA )./

C = "y in [cal em™2 deg 1] . (2-2-3)

where c is the specific heat capacity in [cal cm™3deg™1],
A is the termal conductivity in [cal em™! s-1 deg”11 | and
-w is the divnrnal frequency in [s~1].

The values of C are given as the following:

for ocean C=mw, (2-2-4a)
for snow, c=2.3. (2-2-4b)
for dce, c=

5.1. . ’ (2-2-4c)

for frost,

: . ] /2.
C = [(0.331 + 0.075u") (22 + 2.50') -0.001 » Z52200 ] (2-2-4d)
for mixed water and iée,
C = [(0.276 + (0.11 + 0.15w') (W'~ 0.5w:})(1 + W’ —-0.25wi]
£.007 * 24%360071/2 - | (2-2-4e)
2%
where wy = th-e portion of ice in w'= (WET).
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For soil, the original UCLA formula, (2-2-4e), with Wy = 0 is replaced
in the present model by

24%3600 ,1/2
w

C= [(3+ VSM)*(1+10.*VsM)*0.001 * =25 1 (2-2-4F)

where VSM = 2,0*WET* (ASM+USM) , (2-1-9)
ASM = available soil moisture in [% of saturation: 1D0], and
USM = unavailable soil moisture in [% of saturation: 100].

The proper use of (2-2-4f) requires an appropriate definition of WET. This
has been discussed in Sec. 2.1. Therefore, WET in (2-é-4f) is the ground
wetness defined in this model despite the fact that the maximum available
amount of moisture used in this model is different from UCLA's value.

| The transfer of latent heat, S;, due to melting of ice or snow or due
to freezing of water is- updated at e;ch time step according to the ground

temperature below or above the freezing temperature.

2.3 8urface Conditions in the Atmosphere

The formulation of the atmosphere-ground hydrology interaction depends
on parametérization,of both the planetary boundary layer (PBL) and ground
hydrology. Iﬁ TK, the boundary layer is taken .to be the bottom half of the
ninth layer in_the GCM and the location of the ''surface,'" the bottém of the
ninth layer, with respect to the ground surface is not specified. We shall
follow the same aﬁﬁroach in this documentation. The atmospheric conditions
that are coupled with the ground hydrology are related to the. source terms
in the governing equations of the GCM tsee TK, pp. 7-13); namely,

’ (1) the surface wind and stability conditions

{2} the heat fiux

(3) the moisture flux, and

(4) "the solar radiation,
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Most of the dis&ussions in the following paragraphs can be referred
to TK (Chapter XI, pp. 109-191).

Surface Wind and Stability Conditions

Since the lower surface of the GM or PBL is not explicitly specified,
we assume that the “surface" is located at the level of anemometer height,
say, 8 m from the ground surface. The surface wind components are extrap-

olated from the values at the n-th and n-1 th layers with respect to their

o coordinates by

un - 1 -1 us—un

. (2-3-1)
(¢) - a g _-ag
n n-1 s N

where the subscripts n and s refer the quantities to the center of the nth

layer and to the "surface" and u is the x-component of wind velocity. The
y-component of velocity, Ve is computed in a similar manner. The magnitude

of the surface wind velocity is then

W= (w2 vs2)1/2 in [m s71] (2-3-2) - .

Special provisions are made for computing wind speeds at the north and south
poles. The surface wind affects not only the surface skin friction but also
the moisture and heat fluxes on the ground surface. These fluxes depend

also on the drag coefficient, C For a neutrally stable atmosphere when

D’

the surface temperature, TS, and ground temperature, Tg’ are equal,

min[(1.0 + 0.07 wsﬁ)/looo., 0.0025], for ocean  (2-3-2a)

[@]
i

1

1

0.002 + 0.006(25/5000), for not ocean (2-3-2b)

where Z; is the ground surface elevation in [m].
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In general,

C. = - - ; 2 -3
D CDQ/[l 7.0(T Ts)/ Ws 1, Tg < TS {2-3-3a)

= . Y - i Z . -3
CD [1 + ‘(Tg TS /WS ] 3 Tg > TS (2 3-3b}

0Q

These coefficients will be used in the moisture and heat flux computations.

Heat Plux and Surface Temperature

The. sensible heat flux on the ground surface is computed according to
B= Copg Ci)|Wsl(Tg - T,) in [1y day~!] (2-3-4)

which is coupled to the héat flux in the PBL by the turbulent diffusion

equation
7, = Gy oy K —g% . | . (2-3-5)
where p, is the alr demsity in [g cm™3],
Cp is the sfecific heat at constant temperature in [cal g~1 deg-1], and
K is the vertical eddy diffusivity in [m? s~!].
The horizontal convergence in the boundary layer and geopotential difference
between its top and bottom afe neglected, then the surface temperature, T,

can be computed by equating the above two equations as déscribed in detail

in TK. However, we would like to point out one computation directly involv-

aT
ing the -ground wetness for the.temperature gradient, 3% | pBL ° in (2-3-5).
The téﬁperature gradient is gi&en by
3'1"; . (LTB - TS) B (TTB - TSJCI‘it ' (2_3__6)
?z " (bz) :
PBL PBL
and: (T = T) e = (1= T (T - 1s)d.a. * 1 (Upg=Tody a. (2-3-7)
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whefe [Az)PBL is the thickness of the PBL and the subscripts, T8, s, (d.a.)
and (m.a.) refer to the top of PBL, the "surface' or the bottom of PBL, dry
adiabatic and moist adiabatic, respectively. The relative humidity on the

. "surféce“, fs, is. derived from

2w''r

r =——21_ andw' = WET ' (2-3-8)
s w! + rh, .

" where w' is ‘the ground.wetneﬁs (see TK, p. 132).. It appears that the
gfound_wetnéss is treated like ﬁhe relative hum;dity on the grouqd §urface in
62-3—81. The relation between the ground wetness and.the‘relative humidity

<in a soil layer has feen discussed in Sec. 2.1. In ordgr to use (273—8),

the following transformations are made:

-WAT = 2.*(1.66667*2.*WET - 0.66667) . " (2-3-92)
for the ";omposite-soil", and

WAT = 0.2%(2.*WET - 0.26909) . ' - (2-3-9b)

for the "sandy soil." WAT is used as w' in (2-3-8) instead of WET. Iﬁ a
:ﬁ;y, it is an inverse transformation of (2-1-3), which changes the ground
wetness b;ck'to the "initial ground wetness" (Schutzland Gates' surface
relative humidity).

On the other hand, the surface specific humidity is computed by another

method using (2-3-10) as discussed in the following section.

Moisture Flux

The moisture flux from the groﬁnd is equal to the actual evapotranspira-
tion given by (2-1-4) and (2-1-5). In these equations, the surface specific
humidity, qg, is derived by equating the flux in the PBL to the fiux from the

surface as the following,
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* *
) EVACO q + EDV*q_
g EVACO + EDV

(2-3-10)

where q*g ;nd q, are the saturation specific humidity at the ground surface
and the specific humidity at the g th level‘in,the GCM. EVACO = BCpW,, an
evapotranspiration coeffient in (2-1—4).a£d-(2—l—5). EDV = K/(AZ)PBL s

a surface layer eddy coeffigient. Physically, (2-3-10) implies a constant
moisture flux through the PBL similar to the assumption used in deriving
the surface: temperature. However, in case of supersaturation, the surface
temperature and specific humidity are adjusted to account for the heating

effect of condensation and the releasing of moisture (see TK, pp. 135-136).

Solar Radiation

The ra@iation model in thewGCM has not been documented at this'time;
therefore, it must be referred to the forthcoming documentation. In run-
ning the GHM on-line with the GOM or off-line alone, the radiation terms
in the ground temperature equation (2-2-1) are treated eithe; as’ the version

given in TK or as input quantities from the GCM output.
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ITI. Description of the Computer Program for the GHM

Subroutine COMP35

The ground hydrélogy model resides in subroutine COMP35 in the-
GtM computer program. The function of COMP35 is to eﬁaluate the hydrology
related source terms in ‘the governing equations’ and their effects on the
atmospheric motion. It should be noted ?hat COMP35 is different from COMP3 in
TK in that the ground hydrology parameterizations were later added. There
aré 16 steps in COMRSS as in COMP3 as illustrated in the flow chart. Steps
d, 2, 3, 6 and 12 interact directly with the GIIM. The major ground
hydrology parémeterizations are incorporated in Steps 7 and 14. Step 7
déals with the coupled effects of the ground hydrology and the étmosphere
oﬁ the "surface" temperature and humidity as discussed in Sec. 2.3 and the
parameterizafions of evapotranspiration for the latent heat flux. In Step
14, the ground temperature is first updated according to the scheme outlined
in Sec. 2.2 and then ground wetness change is calculated on the basis of

(2-1-1).

~20..



FLOW CHARTS

COMP35:

HYDQOO10
COMP 35 ’
HYDO1110 -
A ¢
Step T
Inifia]ization of Radiation COMP3
and Heating Parameters
v
Step 2-
Surface Wind Magnitude COMP3
4
Step. 3
Surface Conditions
Step 38 HYDO1120
Surface Topography HYDO1620
Step 38 HYDC1630
Ground Temperature and ’
Wetness HYDO1670
Step 3C HYD02090
Surface Drag Coefficient HYD02160

v




v

Sten 4

Set Up Vertical Arravs for
Some Varijebles

P ]

Step 4A HYD0O1680
Pressures HYDO1770
Sten 4B HYDO1780
Temperature & Convective Adjustment | HYDO1930
Step 4C HYD01940
Moisture Variables HYDO2000 -
4
Sten 5 HYD02170
Vertical Diffusion of Heat & Moisture } HYD02420
h 4
Step 6 HYD02430
. Saturation Specific Humidity
and Specific Humidity HYD02430
Step 7 HYD02490
Determination of Surface
Temperature and Specific
Humidity HYDO3960

v




!

Step 8

Contributions of Source Terms
at Level Nlay

Step 8A

Sensible Heat & Evaporationh

- wr v v ma =

Step 8B

Surface Skin Friction

1

HYD0D3970
HYD04160

" HYDO4170

HYDO4450
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!

Step 9
Moist .Convection

Step 9A

Preparation for Moist Convection

P . T

Step 9B
Yertical Advection of Moisture
Step 9C
Constrain'Spehific Humidity
Step 9D

Special Moist Convectioﬁ
for 9 Level Modet

- m ww ww w m

Step St
Types of Convection
Step 9F

Distribution of CVTP and
cvap

COMP3

_COMP3

HYB02010

. HYD02080

COMP3

COMP3

COMP3
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b

Step 10

CToudiness and Large Scale Precipitation] COMP3
v
Step_11 HYDO4460
Constrain Specific Humidity HYDO4540
v
Step 12 - HYD0O4550
Radiation Routines HYD04830
v'.
Step 13- HYD07340
‘, Total Heating and Moisture Adjustment |HYD07440
v
Step 14
Ground Condition
Sten 14A HYD04840 - |
Ground Temperature HYDO5770 -
Step 14B | HYDO5780
Ground Wetness ‘| HYDO7330

:




v

Step 15
Internal Friction - COMP3
Y
Step 16
Smoothing Lapse Rate & Temperature | .COMP4
Adjustment
HYDO7450
END of COMP35
HYDO7470
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COMP35,
STEP 7:

Yes

Step 7
Determination of Surface Temperature | HYD02490
and Specific Humidity
Surface Relative Humidity HYDOZ500
(RHS)
HYD02670
v
. HYD02680
Eddy Diffusion Coefficient :
(ZLN) HYDO0Z970
v
Buc]a (EVE) HYDOZQSO
OCEAN? HYDO3010
Soil Type Parameters HYD03020
Composite Soil and Sandy Soil HYD03300
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g = 1 (BETA2)

HYD03310
{\ﬁ?/}— LAND AND NOT SNOW? HYD03320
Temperature and H?003340
Moisture Adjustment HYD03460
v
Potential Evaporation HYD03470
(PREVAP? HYDO3510
YES HYDO3520
HYD03530
B HYDQ3750
v
v
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;

Temperature and Moisture HYDO3770
Adjustment HYDD3950
Y
Density of Air HYDO03960
v
End of Step 7 HYD03960
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COMP 35,

STEP 14:
Sten 14
Ground Conditions HYDN4840
Y
Step T4A
Ground Temperature HYD04850
Latent Total Heat
Soil Heat Parameters: Heat Capacity
a} LAND HYD05030 HYD05040
HYDO5060
b) SNOW HYDO5080 HYDO5090
c) 1ICE HYDO5110 HYDO5120
~d} FROST HYD05140 HYDO5150
HYDOS5160
e) MIXWI HYDO5180 HYDO5270
HYD05260 HYDO5310
. HYD05330
Ground Temperature Update
HYDO5770
\ 4
Steo 14B
Ground Watnas} HYDO5780

'
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Flux Terms for Diagnotic HYDO5860
Purposes HYD05940
W

Actual Evaporation HYDO5950

(E6DT)
HYD05990

Variable Initialization
HYDO6110
‘ —{5@%3} OCEAN? KYDO5140
. HYDOB160
PRECIPITATION

B HYD06240
HYD06250

NO SNOW?
HYD06260

<E§£:>Ag MELT?
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\
HYD0&280
[Eéii] Snow Melt
HYDOB310 -
[ 2650 ]
<YE—S/\ P HYDO6320
[Ze] ¥
firound Wetness HYD06280
for Snow Covered Land HYDO6450
N\ 2 Y
% Y
Ground Wetness for HYDO64S0
Snow Free Land HYDD6680
Y ¥
Ground Temnperature HYDD6690
Update HYD06820
E +
Ground Yetness HYD06870 -,
HYDG6910
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Y

: HYDG6920
Ground YWetness Packing : )
HYD0A360D
. HYDD6S70

End of Step 14
HYD07330
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PART IIL

MODEL RESULTS & ANALYSIS



1y, Off Line Model (CL)

Introduction

The OLM provides a simple and efficient way to test various hydrologic
parameteriéations without the need for extensive simulation time. The hydro- -
logic parameterizations are assembled in a parallel manﬁer in the OIM and
given the following identification:

1. UCNI - a first revision by the University of Connecticut,

2. UCLA - the UCLA Model (Arakawa, 1972; Arskawa & Mintz, 1974),

3. GISSJK - Jack Kornfield's work previously referred to as GHM, and
discussed in this text.

UCNI wag developed because we felt that a hydrologically consistent model
using‘only simple and well-défined parameterizations was needed for evaluating
the existing GHM. UCNI represents our first step in develop%ng a physically
realistic multi-layered model. Specifically, the following ideas were incor-
porated into UCNT:

a) soil moisture is defined in fraction of saturation;
b) cell moisture changes are calculated from (2-1-1a) with respect to -
the amount of water at saturation;
'c) saturation moisture content is a function of given layer depth and
porosity of soil type;

. d) the initial soil moisture range is linearly scaled between field
capacity (FC) if the surface relative humiditf (rs) equals 100% to-permahent :
wilting point if rg equais 0;

e} available soil moisture is the difference between EC and PWP;
f) evaporation scaling factor, é, varies from unity at FC to 0 near PWP,

with plant factor (2-1-11) kept constant at unity regardless of solar angle; and
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g) vegetation and soil type may change effective soil layexr thickness,

The OLM reads an output or data tape from a previously run GCM experiment

with a certain known ground hydrology model. The ground hydrology parameteri-

zation generally used in GCM experiments to develop the data tape has been

described in TK. Recalling these parameterizations we see the following:

1. B = Min(l,2w'),
2..0 <w' <1,
WGM = 10 g, and
4..w' = initial w' for all time = WET.
The data set the OLM reads every half hour from the GCM data tape is:
1. TAU, the model time in [hr];
2. PC, the surface pressure in [mb];
3. TSC, the surface temperature in [°K];
4. SHSC, surface specific humidity [g/g] for first time step the
net radiation in [ly/day] for 2 through n time steps;
5. GIC, the ground temperature in [°K];
6. GWC, the ground wetness in [% satpration + 100},
7. UC, the x component of velocity in [m/sec] for levels 7, 8, 9;
8. VC, the y component of velocity in [m/sec] for levels 7, 8, 9;
.9. TC, the temperature of air in [°K] for levels 7, 8, 9 ; and
10. SHC, the specific humidity in [g] of water vapor/[g] of air for

levels 7, 8, 9.

The ground hydrology model being evaluated calculates the following diag-

nostic parameters:

by



1. GW, the ground wetness in [% saturation + 100];

2, TS, the surface temperature in [°K];

3. GT, the ground temperature in [°K}; and

4. AET, (formerly E6DT) the evapotranspiration flux in [em/hh].

With the GCM data tape and subroutines SDET (Solar angle calculation),
SURFWD (Surface wind calculation), and RITE (Diagnostic parameters) the OLM
simulates an on-line run and calculates the diagnostic variables. At the
end of the experiment comparisons between GW, GWC, TS, TSC, GT, GTC and AET,
AETC {from UCLA) were made and will be discussed in a later section.

The OLM-UCLAl and OLM-UCLA2 were incorporated in OLM to calculate the
AET flux (actual evapotranspiration, missing on data tape) for the case
of variable ground wetness (GW#K, OLM - UCLAl) and constant ground wetness
(GW=K, OLM - UCLA2). The recalculation of AETC was also necessary because
of the different eddy diffusivity parameterizations used in developing the
GCM data tape versus OLM, The TK eddy diffusivity paramterization was used
in off-line experiments because it required a substantially smaller data set.

In figure 4-1 a schematic is presented of the parallel hydrology param-
eterizations in the OLM. The accuracy of the OLM in simulating an on-line
calculation can be evaluated by comparing UCLA{GW = K) with OLM-UCLAl or OLM-
UCLA2, Close agreement between UCLA and OLM-UCLAZ was always found. In
particular, Table 4-1 outlines how diagnestic variable comparisons'are made

for the different hydrologic parameterizations.
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GCM with UCLA Formulation and NCAR Eddy Diffusivity (EDNS)

2 day run

v
GCM Data Tape

v

OFFELINE MODEL {EDNS Stable: TK AR]

"  Unstable: NC

Reads and utilizes
TS, GT, GW for
first two time
steps only (LoG8:
false)

UCNI

"OLM-UCLA1 (GW # K)
OLM-UCLAZ {GW = K)
GISSJK

FIGURE 4-1

~Reads and utilizes
all data sets .
for all time steps
{(LoG8: true)

UCLA (GW=K) = OLM -
UCLAZ (W = K)

OLM-UCLA1 (GW # K)

Schematic of Parallel Model in OLM
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TABLE 4-1

Model Diagnostic Parameter Read and Calculation Scheme

GCM Data Tape &) &) . &) E o
Variables 2 2 T to % % E Q
"OLM Models
UCNI R C C C
OLM-UCLAl: UCLA w/GW
Variable LOG8:F R C C c
10G8:T R C R C R C
OLM-UCLAZ: UCIA w/GW
Constant LOG8:F R C C C
10G8:T R C R R C
GISSJK R C C C
UCLA: GCM Data Tape (LOG8:T)
Values w/GW Constant R R R

R: Model reads data tape variable every time step

C: Model calculation of this variable will be used for diagnostic
purposes
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It should be noted that the surface and ground temperatufe are calculated

by the following different schemes:

s > s rsc™l 592 ete.

G?CN - GTN+1 ->‘GTN+2 -+ GTN+3.“etc.

Thus, TS differences reflect variations during a time step while GT differences

' represent cumulative effects since second data tape read.

Differences in Hydrologic Parameterizations

In order to understand the significance of the comparisons discussed
later we will highlight their differences in this section. First, the UCNI
differs.from the UCLA parameterizations.in the folloying areas:

a) ipitialization of GW, ~

b): approach taken in scaling B as a function of GW,

¢) soil water content at saturation, and

d) definitions of GW and ﬁow it chanées.
Secondly, th; GISSJK parameterization differs from UCNI in the same areas, ﬁ]
through d) plus the following:

e} plant factor (effect of solar radiation on B),

f) volumetric heat capacity, and

g) runout.

Among these differences, the principal factors that 1eéd to ;ignificant
variations in the estimation of the evaporative flux were B and different
definitions of'chaﬁées in GWl Table 4-2 summarizes the differences between

these hydrologic parameterizations (UCNI, UCLA, GISSJK).
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TABLE 4-2  Comparisons of UCNI, UCLA and GISSJK Parameterization

UCNI UCLA . GISSJIK

_6-}7._

Layer Cs 100 em " 100 em 4 £t ()
Depth ‘ 88 ' 50.cm 100 cm . 4 £t (?)
. Porosity cs .5 ? ?
' S5 .5 ? 7
. Field Capacity s © .25 " ? .25
[% Saturation/100] S8 .09 ‘ ? .09
. PWP ] .10 ? .10
[% Saturation/100] SS .025 ? .024
. S0il Water Content Cs 50 66.6 66.4
at Saturation ss 25 66.6 4
[g/cm?] C
. Available Water ) cs 7.5 10.0 10.0
[g/cm?] S$S 1.6 10.0 .2
. s s . . SRH (FC-PWP) + PWP ) SRH - 15 SRH-15
. GW Initialization CS 100 g .5([ a5 ].3 +..4]
SRH-15
1 [, ————
S5 ( §E ]5.0 + .27
{% Saturation/100] [% Available/100} [% Saturation/100]
. Plant (<1) CS/SS - - Cosz/.2588
_ WET-PWP Double exponential
. 3(11)}( (Plant = 1) CS/Ss W 2 x GW (see text)
. C (GW=0) cs . Cl C1 C1/v 2(.3867.3)
[cal cm=2 ﬁeghl} (GW=1) CS c2 Cc2 C2x+v 2

(Gw=1) SS c2 c2 c2/v 372



TABLE 4-2  Comparisons of UCNI, UCIA and GISSJK Parameterizdtion (cont'd)

UCNI ' UCLA GISSJK

11. Runoff [g/cm?] Rain(.1 + .5(GW)1*5)  Rain(.1 + .9(eW)!:5) See Text
Examples: .
Rain = .1 [cm/hh] GW=0 .01 .01 0
” GW=.5 .042 .042 .05
GW=1.0 1 1 1
Rain = 1.0 [em/hh] Gif=0 .1 ' .1 0"
G=.5 .42 .42 45
Gi=1.0 1.0 1.0 .9
12, EDY TK (1873) NCAR - TK (1973)
[m sec™1] '

. Notations: CS: composite soil; SS: sandy soil
SRH: surface relative humidity

EDV: surface layer eddy coefficient



Experiments

To conduct the OLM experiments a 2 day GCM run (DSNAMES: I1719/VRMG,
VRH®, VRPG, VRRO, il/76) was executed from which the input GCM fata tape
variablés,discussed in the introduction, were extracted for the general US
sufface and neighboring ocean cells for levels 7, 8, 9 of the GCM. The ground
surface and ocean cells are shown in Fig. #~2...This compacted or condensed

GCM tape information was then read by the.OLM for the féllowing cases:

Us Globe Area

[l. Dry Ei’ig (gi’ig) Dry Southwest
3 3
Cell Types. 2., Average (3,6) (32,17) Southern Great Plains
3. Wet (7,12) (36,23) Canada/Wew England

in combination with the following ground hydrology parameterizations:

UCNI

OLM-UCLA1 (GW#K constant)
OLM-UCLA2 (GW=K constant)
UCLA (GW=K constant)
GISSJK

These experiments took about 1 minute on IBM 360-50 at the University of
Connecticut Research Computer Center while the Amdahl at GSFC took about

half this time to execute.

Results
The OLM provided a simple comparison of the various ground hydrology
parameterizations that were reviewed in this section. In particular, the

following parameters are discussed and summarized!:
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‘Soil moisture
Surface. and ground temperature
Potential § actual evapotrénspiration and their ratio, B.

So0il Moisture

The following comparisons were made about soil moisture levels and
variations for various cell cases (see Fig. 4-3 to 4-5):

1. GISSJK moisture levels were significcantly higher for all
three moisture cases;

2. UCNI and UCLA moistu£e levels were close in all three
moisture cases;

3. OLM-UCLA1 (GW#K) moisture levels changed significantly
for typical ET and rain fluxes; and

4. TIn general thé change of moisture levels wés‘not significant
during two day test period. (Therefore longer OLM Tuns of
duration gre;ter than 2 dﬁys should be made.)

Surface and Ground Temperature

For'temperatﬁre'comparfsons the following assessments were made (see
Fig. 4~6 to 4-11):
1. The ground and surface temperature calculations for the UCLA
+ model and UCNI were consistent éor all cases with bettér.
surface temperature agreement during daylight hours;
2. Temperature predictions were generally in ﬁhase for most
models and cell types with the exception of GISSJK;
3. The ground and surface temperature were generally higher
for GISSJK, sometimes as much as 10°C higher for: the

different cell types; and
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4. The ground temperature for GISSJK demonstrated a phase .
shift of about 3 hours with a gradual upward drift in magni-
tude from those of other models:

Potential (ET) and Actual (AET) EvépotransPiration and Their Ratio, B.

~ The OIM provide& the following results related to evaporation rates

f;r the three parameterizations (UCNI, UCLA, GISSJK) (see Fig. 4-12 to

4-14 and Table 4-3}:

1: " Potential evaporation rates were generally ﬁighest for
GISSJK for all cell types;

2. The potential evaporation scaling factor, B, was lowest
for GISSJK and highest f;r UCLA for all cell types;

3. The actual evaporation rate was lowest for GISSJK for
all cell typeé; and

4. (The UCNI generally predicted values of PE aﬁd B that
appear reasonable when compared with GISSJK and UCLA

" models.

Summarz

The major findings discussed in previous sections individually Qill
now be summarized collectively:

Different .definitions of soil moisture, although significant
between models., did not cause major differences in the calculation of AET.
'This suggests a certain consistency within each model.

- Surface and ground temperature results are similar for all
models fo% the range of moisture levels tested with the exception of GISSJK.
| Ground temperature difference of #10°C between GISSJK and other

models is bélieved to be due to the underestimation of AET by a factor of 2
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oY more.

Surface temperature variation of 10°C between time steps had
appeared to be due to separate (stable, unstable) parameterizations for the-
surface layer eddy coefficient. The variations had a deleterious effect
- on- AET when they occurred. When the OLM used the eddy diffusivity in TK,
the oscillations were -greatly reduced.

Peak‘AET seems to occur when surface and ground temperatﬁres
peak’ at mid-day.

8 as a function of PET&GW in GISSJK led to a "flat" - fairly
constant AET for most of the daylight hours. B as a function of GW in
UCNI & UCLA produced significant variations of AET during -daylight hours.

In OLM-UCLAL with. varlable ground wetness noticeable changes in B: occurted
during significant evaporation or precilpitation periods.

‘AET estimai_:es for three different soll moisture levels, wet,
averaée_and dry case, were remarkably similar in magnitude for the 2 days.
This is due to the compensating factors of a large PET when B 1s small for
the dry case or vice ve?sa_for the wet case.

Small negative evaporation rates generally occur during evening
hours.

UCNI appears to be. a reasonable revision .of currently avaiiable
ground hydrology models.

In conclhsioﬁ the OLM has provided an efficient way to comparé three .
dffferent hydrology parameterizations. The effects of the. differences between
thegse parameterizations on soil moisture and temperature, although not inter—
active with the GéM, can be readily evaluated. The long-term calculations
—(greater than:Z days) although not attempted at this time should be conducted

later as soon as major revisions are completed and a data tape is available.
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Dey 1| Dey 2 { Day 3 | Day 2 | Day 1 | Day 2| Day i | Day 2

-97_|uont .08 | .o75 |.ob[a] j.obfal | .27 | .27 l.021 019

619 lomevorm fw| 095 | 005 |aafo] LotV | .21 | b |.ou7 012

674 {0IM-UCLA2 F i .085 L075 _ 1.2u4[2] |.1k[2] .27 27T 1.023 .019

DAY 322 |UCLA T .06 | .ouy [.abfz] |.3bfa] .27 27 .07 :013
332 | OIM-UCLA2 T .06 07 |L24[2] |[.14{2] .27 .27 | .07 .013

782 |GISsIX Fr{ .1k .12‘ .22[11 J.22(1] .02 .02 |.003 .003

330 |ucsI F| .oby 1 .033 t.3176{11).276[1]! .5 5o §.02 017

751 | OIM-UCLAL F | .028 028 .hifa] [.36[2] .78 15 .02k .023

AV 672 joM-UCLAZ' | ® | .027 | -.027 |.h2f2] |.ka[2] .83 .83 | .02k _..024
| 36k |ucra - ‘ T .037 | .033 |.k2(2] i.%2(2] .83 .83 _1.03 027
766 | GISSIX F 1 .095 .08 .26[1] |.26{1} .08 .08 1 .008 .008

218 _ ucHI Fl .0125] .025 |.2a{1] |.21{1] =71 711009 .018

668 |OmM-UCLAL | Fi .01 .027_|.65[2] I5(2] 1 1 1 .01 .027

131 | OLM-UCTA2 Fl .01 .02 :65f2} |.65[2] | 1 1 .01 ;g‘g

e 356 | UCLA P L0125 | .025 1.65f{2] j.65{21 ] -3 1. 0125 .025
468 | cIssJK Fl .01 .0375 | .32[1) |.32[1] .6 4 ].006 .012

NOTE: % sa.'t/lDO = (% avail/100) x (FC-PWP} + PWP

TABLE 4 - 3
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V. Description of the OLM Computer Program

OIM Program

The OLM program contains a main section where parallel hydrologic
parameterizations are,evaluated. The first two subroutines, SDET and
SURFWD provide needed information to the main hydrologic section that
would normally be available in a GCM run. The third subroutine, RITE
contains the bulk of Fortran statements needed for parameter evaluation.

There is a total of 9 steps in the OLM 'as illustrated in the flow
chart. Through step 2, Parameter Specification, the OLM receives the
necessary data to simulate an on-line GCM run. The major ground hydrology
parameterizations are incorporated in steps 3A, 7 and 14. Steps 7 § 14
are similar to those in COMP35 and discussed in Section III, while step

3A was added to parameterize different soil characteristics.
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FLOW CHART
OFFLINE
MGDEL

Step 1A _
Set Model Logical Parameters
Model, Type - Experiment Type .
UCLA GCM
UCLAY W ASSIM
UCNI TNPT
UCNJJA LOG8
UCNII VALBFG
VRP4
GDH
Cell Type
WETCEL
AVCELL
DRYCEL
Step 1B

Do Lo

Step 1
Design of Experiment

- e ke e e o oE

Program Constants
Step 1C
op Parameters for Specific

Cell Locations

OLM00350
0LM00700

OLM00710
0LM00920

OLM00930
0LMO1220

v
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.

Step 2
Parameter Specification

' Step 2A
Variables That Are-a Function of Time Step
Step 2B
Data Specification for Initial Runs
Step 2C
Initialization of Cell Variables
Step 2D
Set Sums for ATl Averages Equal to 0
Step 2E
Initial Data Tape Read
Step 2F
Begin Cell Loop of Model
Step 2G
Do Loop Read
Step 2H
Solar Declination Calcuiation

OLMOT240
OLM01330

0LMO1340
0LMO1430

O0LMOT440
OLMO1610

OLMO1620
0LMO1700

OLMO1710
OLMO1860

OLMO1870
OLM02390

- QLM02400

OLM02460

OLM02470
0LMO2530




Y \ 4 4
‘Step 21 OLMO2540
Offline Interface Considerations OLM0O2650
GW(J,I) = GWC(J,I)
@ " OLM02600
GTC(J,I) = TICE
@ 0LM02610
GT{J,I) = GTC(J.I)
TS(J,1) = T5€(J,I)
‘ 1068 and UCLA ? 0LM02630
GW(J,1) = ghc(a,1) |
@ " OLM02640
GT(J,I) =

GTC(J,1)
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it

.

Separate off-line deck
for GISSJK-only with . ‘
the physics described |————1m
in COMP35, (see COMP-
35 flowchart?)

v

Step 2J OLM02560
Zenith Angle Calculation 0LM02790
Step 3
Surface Specifications
Step 3A OLM02810
Surface Condition and Elevation 0LM03570
J SEE
GISSJK 7 COMP35

Step 38
Ground Temperature

Step 3C

Surface DfagiCbefficjent

GW(J,I) = SRH + *(FC x CT - PWP x C2)/100. + PWP*C2

OLM03580

| OLM03640

OLM03650
0LM3810

l
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3

Step 4
Vertical Arrays for Some Variables

Separate offline deck
- for GISSJIK only with

the. physics described |er———— ¥

in COMP35.  See COMP- '
35 flowchart - )
(HYD02550-2600) -

-7 by

Step 4A 0LM03830
Pressure - 0LM03960
Step 48 © OLM03970
Temperature and Convective Adjustment OLM04140
Step 4C 0LM04150
Moisture Variables OLM04230
v
. Step 5 0LM04240
Vertical Diffusion of Heat 0LM04460
and Moisture (Air-Earth Interaction) '
Step 6 OLM04470
Relative Humidity 0LM04570
SEE
GISSJK ?
COMP35




|

NCAR:

\ 4

EDNS =

Step 7

Determination of Surface Temperature

Step 7A

Initialization

TLE (NLAYP1) = TS(J,I)

Step 7B

Relative Humidity Scale

Step 7C

Bulk Aerodynamic Coeff

Step 7E

Eddy Diffusivity (see.TK .and NGAR)

New EDNS formulation

NCAR w/no countergradient- (Used in GCM Data Tape Creation)

10. + 100. *(1-EXP (1200.*((TH(NLAY)} - THG}/ZLN)}))
Can't use above calculation for TH(9) >THG. Best that can

0LM04580
0LM04660

OLM04620

0LM04670

OLMO4700

OLM04710
OLM04760

OLM04770
OLM048T0

OLM04820

OLM05080

T&K: . .

EDNS = AMINT(100., ED x EXP (.32 *DTS/WMAGNxx2)
EORIG = EDNS

ZLN = ZLNCO x TLE (NLAYPI) x SP/PS

be done offline with data from levels 7,.8 & 9,

—~75-~
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EDNS = EORIG

0LM04940

!
EVE = 1 OLMO5040
Step 7F (0LMO5090)
Evaporation Scaling Factor OLM05360
@ ueng? OLMO5110

EVE = AMIN 1 (1,(WET-PWP *C2)/(FC * C1 - PWP *C1)) |w

>

Redo Step 7
with EVE = 1}

wTA—

OLMO5130
EVE = AMIN 1 (1, 2 *aic(J,1))
—»
Step 7G 0LM05370
Potential Evaporation OLM05410
@ PREVAP < 0 and EVE < .999) 0LM05400




4

Step 7H

Note:

Potential Evaporation Calculation Differences

0ffline (Step 78)

Wet from UCNI or UCLA
Eve from UCNI or UCLA )
Step 7F adjust SHLE (10)
where SHLE = f(EDV, -....) .
SHG = QSAT (TG,PS)
for LOGE False:
TG from previous calculation

for LOG8 true:
TG from GCM tape

Potential Evaporation Using LOG8 Input | OLM05550

OLM0%420

UCLA (GCM Data Run'- Step 7H)

Wet from Data Tape

Eve from UCLA

Step 7F adjust SHLE (10)
where SHLE = f(EDV,....)
SHG = QSAT(TG.PS).

TG always from GCM data tape-
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!

Step 8

OLM0O5560
Sensible Heat and Evaporation Fluxes 0LM05740
Step 14
Ground Update of Moisture and Temperature'

Step 14A . OLM05760 |

WI Calculation 0LM0O6050

Step 14B 0LM06060

Ground Temperature Update OLMO6360

Step 14C 0LM06370

Actual Evaporation OLMO6400

Step 14D OLM06410

Ground Moisture Update | OLMO6780

Step 14E OLM06790

Soil Moisture and Freezing O0LMO7220

1 Snow Covered Land 0LM06810

2 Snow Free Land 0LMo6890

3 Ice OLMO7150




!

OLMO7230
MAIN END

0LM08210
0LM08220

Subroutine SDET: Solar Declimation Calculation )
- 0LM09420
Subroutine SURFHD: Surface Wind Calculation QLM09430
If Not Available . 0LM09840
0LM09850

Subroutine Rite; -Diagnostic Warehouse

' 0LM12670
SUBROUTINE END OLM12670
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Appendix A

Symbols and Notatioms



FORTRAN
SYMBOL

ADINF

ADDW

ASM

BBFACT

BETAZ

BETA2P

" BTA

BTA2

BTZP

Cb

CZH

MEANING

antecedent soil moisture indicator

water which may enter the soil
to be evaporated

available soil moisture
.15 - composite soil

.066 - sandy soil (desert)

effective infiltration rate

scaling factor for bare soil evapotrans-
piration rate (B) ’

scaling factor for plant influence on

transpiration

= BETAZ + BETA2P (0 < BTA < 1)

argument of BETA2 coefficient

argument of BETA2P coefficient for
transpiration

surface drag coefficient

(¢ 31/2 | pulk heat capacity
"
where A = thermal conductivity
c = specific heat ’
w = diurnal angular frequency

A-1

UNITS

cm/hh

cm/AT=30 min

cal/émz-deg

cal/em-sec—deg
cal/cm3-deg
1/sec

PROGRAM
LOCATION

HYD

HYD

HYD

HYD

HYD

HYD

HYD

HYD

HYD

06560

06610
06620

03040
03090

06570

03310
03660
03730

03640

03670
03680
03720

03540

03560
03620

02140
02150
02160

05040
05050
05060
05090
05120
05150
05160
05270



FORTRAN

SYMBOL _

DENOM

DRAW

DRNG

DRRN

DSHS

DTRBET

DTSI

DTS

DU

DV

ECAR

MEANING ' UNITS

storage variable used in ground
temp. eq.

CDWS surface wind drag parameter m/sec

water which is unavailable -for

ET due to field capacity being
exceeded loss of water

through percolation when WETR >.5

see DRAW

AqG =q* - qg saturation specific

humidifygat the ground minus specific
humidity at the ground

573Tg of (evapotranspiration)

difference between ground temperature °c

T, - T, =AT = difference between °C
G S g .

ground and surface air temperature

temporary storage variable

temporary storage variable

= E6DT/ (1-ROCK)
(Note: EVE in E6DT is equal to
{1-ROCK}-EVE so ROCK affect cancels out

" in evaporation calculation)

ly/day-cm?-day

PROGRAM
LOCATION

HYD05540

HYD02690
02700
04000
04010

HYDO6090
06670

HYD(3490
(03500

HYD03990

HYD03700
03710
05420
05430
05440
05460

HYD03480

HYD02680

HYD02810
02860
02890

HYD02830
02870
02910

"HYD06630



FORTRAN
SYMBOL

EGDT

ETFLX

EVACO

EVAL

LEVE

EXPTI
EXDTR
EXPTP
EXPTS
FILTE

FREEZ

FLDRK

FXTRN

MEANING
evaporation rate from soil at grid pt

evaporation flux for diagnostic
purposes

=EVE < DRAW

= 600, latent heat coeff land

680 . ' " - snow, frost
= 680 + 80WI, FOR MIXWI CONDITION

soll surface wetness coeff

argument of evapotranspiration
coeff

storage variable

does not permit BT2P to become too
large

keeps BTAZ from becoming too large

UNITS

g0 - /apasp -
2 .

cal
g{H20)

infiltration -rate derived from viscosity ocm/AT=30 min

relation -£(t) only not soil type or
antecedent precipitation

amt of water that freezes or melts (%)

not used

FROGRAM
LOCATION

HYDO5950

HYD0O5900
05910
05920

HYDO3780
03790

EYD(O5030
05080
00110
00140
00180
00260

HYD02980
- 03740
03770
03830

HYD03530
03550

HYD03690

HYDO 3630

HYD03650
HYD03220
03270

HYD06050
06770
06810

HYD06080

HYDO3020
03450



FORTRAN
SYMBOL

GAMCN

GAMCN
GAMSN
GDH
GNFLX
GSW

GT

GW

IGVET

ISNR

MEANING

%
1 + sq18l_ s
. C T2
P s

see GAMC

same as GAMS

logical variable, if true CD=.5CD

variable for diag. purposes

how often (in hrs) print out will occur

ground temperature

ground wetness (% sat.)
=FLOAT(ISNR) +.5 WETR

=13
=21 - dry land, GW =20
=23 . o
=24 - snow thickness -

. function of albedo

integer storage

UNITS

°K

PROGRAM
LOCATION

HYD03360

HYD03360
HYD(03410

INPUT

"HYD05940

HYD05570
06920

HYD01210
01230
01260
01270

“01280
01290
01300
01330
01350
01420
(01430
01440
01450
01460
08960

INPUT

HYD06200
06950



FORTRAN
SYMEOL

ITC

IALB

PLANT

POTALP

PREVAP

QSAT

RADTRM

RAIN

RHS *

RNIT

ROCK

ROK(J 1)

RSURF

RSURFF

MEANING

print variable - allows a portion

of J & I cells to be printed when

GSW occurs

storage for I

a variable which decreases transpiration
from plants when the solar zenith is
greater than 75°

precipitation

potential evapotranspiration

saturation Specific humidity function

net radiation term

sufface relative humidity

"-RADTRM(6.9 X 10™H) for diagnostic

arcal fraction devoid of soil,
impervious soil

same as ROCK

decimal value for albedo

variable that determines soil type
from albedo array

UNITS

cm/time step

mg-g(Hzoj

em=hr

g/g

ly/day

cm/hh

P

PROGRAM
LOCATION

HYD01090

HYD03570
03080
03600

HYDO7080

HYD03210
03510

HYDO0890

HYDO5560
05880

HYD06030
06190
06540

HYD025 30
02550
02580
02650
02660

BYD05890

HYD0O3030

INPUT

HYD01520
01550
01560
01570

HYDO3060
3070



FORTRAM
SYMBOL

RUNOFF

RUNOVV

RICH

SATI
SHG |

SHLE

SHSATS

SLBEDO

SMELT

SNFAL.

SNFLX .

SNOTEM-

water that does not infiltrate soil

col.

MEANING

water that runs off impervious
area and is unavailable for
evapotranspiration

Richardson No.

saturation specific humidity

saturation specific humidity at
the ground

sat. specific humidity f(DRAW)

1
n

£(BETA2)
£ (EVACO)

sat. specific humidity at the

surface air temperature

albedo -

7 = ocean
14 = land
35 = desert
39 =
40 = Snow
50 ="snow
70 = snow
snowmelt
snow f£all

sensible heat flux

storage location’

UNITS

cm water

AT=30 min

g/g

g/g

g/g

™o =
o own
8583

cm/hh

cm/hh

PROGRAM
LOCATION

HYD06060
06440
06580
065590
06660

HYDO6100
06650
HYD029 30

HYD03290
03390

HYD03190

HYDO03750
03880
03950

HYD03800

HYDG 1500
01490
01510

HYD06070
06280
06290

HYDO6040
06180

HYD05860
05870 |
05930

HYDO1540



FORTRAN
SYMBOL

SNR

SNR1

TERM1

TERM2
TERM3:

TERM4 .
‘TERM5

TGM
TGN

TGR

THG

" TOTALP

TPMN

UGTC

MEANING

thickness of snow or change

snoy thickness

short wave radiation

sensible heat
evaporation flux

sea ice heat flux from ocean

long wave radiation

=WAT, used for printout of WAT

used for printout of WAT

ground temperature

. potential temp of air

model predicted precipitation
print variable

storage variable

UNITS

cm O'I.'
cm/hh

cm oY
em/hh

ly da,y'l

cal cm 2 day

m/hh

PROGRAM
LOCATION

HYD06000
06210
06220
06240
06310

- 06940
06510

HYD06230

HYD05470

HYD05480
05490

05500
05510

‘05520
05530

HYD02640
07040

HYD07030
07050

HYD06020
06160
06300
06720
06820
06900

HYD0O6170

HYD03240



FORTRAN
SYMEOL

UsM

VALEFG

VIGT

VGTC
VPM

VP1

VP2,
YSM

WAT

WET

WETIT

WETR

WGM

MEANING

unavailable $0il moisture (%)
.025 sand soil (desert)
.1 composite soil

UNITS

Ref. Salter § Williams '64, Table I, p. 312

model céntrol variable

viscosity correction factor

centigrade temp. of ground
composite soil moisture

% of available soil moisture
(temp.stor)

% of unavailable soil moisture ( )

total so0il moisture

soil moisture available for
evaporation scaled up

ground wetness

water available
same as WAT

amount of water

max water holding capacity or
sul moist cont at saturation

2 sandy soil
2-16,6 composite soil

nn

deg

oF

. sat

=

sat

s

sat

a8

sat

of

sat

g/foot soil

g/ foot soil

PROGRAM
LOCATION

HYDO 3050
03100

HYD03250
03260

HYD03230
HYD0 3180

HYDO 3150
03160
03170

|
HYD03140

HYDO2580
02600
02610
02620
02630

HYD01580
01670
04900
04910
05340

HYD04880
04890

HYD05990
06430
06450
06640
06680
06700
06710
06910

_HYD03000

03110
03130



FORTRAN
SYMBOL

WI

WIR

WMAG

WMAGN
WTER

WTSTD

XRS

MEANING

% of ice in mixed ice and water
i

L wind speed at ground

% of saturation for ground in
desert regions

stores WET

used for point out of RHS

UNITS

SWET

PROGRAM
LOCATION

HYD05190
05210
05220
05230
05240
05250
05350
05730
05740

HYD06010
06780
06790
06800

HYD02100
02120
02130

HYD02710
02720

HYD01240
01250

HYDOA4870

HYD03200
07070



Appendix B

Code Listing - GHM § Off-Line Models (OLM)
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HYDOO IS0
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HYDO Q399
HYDOO4ND
HYDOD41Q
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HYDGO 43D
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FQUIVALENCE (SCU1,1),CONV{Ys1))
EQUIVALENCE {S5C1{1).CONSP{1)}) )
EQUIVALENCE (QST1+121J2US (1,413,000 841013300V a1),C8C14142),
FU{143.1)) ) . .
EQUIVALENTCE (WINDSO{1213,PUCL,5,13)
EGQUIVALENCE tUFTL (L »YToU0 10l sl ¥ dVEILT{laldo Vil vial)),
(TFIL L 1o 3o TC 1413+ SHFTL (L3338 {I,143)){(PFILC1),P{1,12))
EGUIVALENCE (GRUP(1s1s13sSHST133)}»(GRUR{T1+112)4CT{L141)),
(GRUPT 1y 143)0EW{141)) 0 (GRUP(1,1,4A)Y,TCRCG{1,1)}
EAQUIVALENCE {GRUP {1, b+l )220, 72+ 3040780133 LL1+2+6))
ARRAYS FOF SELIT ¢RIC
LCGICAL JIPL (AE) 2 JIULLAE) +JMPLIGEY s JMLL (4E)
INTEGER INCPU4€ Y« INCULAE) )
COMMONZSPLITY/ JIPL s JIUL v JNBL s JMLLVINCE , INCY
LEGICAL LAND .QCEAh-lCEoSNGW.MIX?leFCSTaFBEC
COMMONZ FACCONZASUIS) oRECLIEY PLE IS Y WFLELIE) sPLK(1E) ,PLKELIS) o TL{
S TLE{IE ) «TG o THIIS} ySHLUIS) +SFLE{L1E) s S CoCLOUD (IS Y +CLEZ250 456G
* OCEAN ICEWSAOU s SFSATLIS) «GAN (18 ) o RFE{1C 1 4SCS{15) 4ESEF{15),FF(15
¥ PHE{ 16 ) yHHS {15)3CVT{13)yCVQL 15} 4CXOETI15)JBREC(IES EXL(1G)
NE{(157) .
CCMMON/ CNPEIVZ TWCFRT o DTCRs DAY v ZENTCy TICEWEN 2 CTI2CTIC~ICE,
* GAMEAC L COBEF s COERS e RSCINROT+PI BN, CNEWN 4 SNCUS+CCEF 1 ,205E2
WMAGSP yUNAGNT 3 M1 s M2 4 V3o NCL sLCL s LCL2+STETCP :
COMMCN/ GRERY L/ ICVE T s ITC s GOSWaCON ) ¢ COMN 2y COR T+ CONG »CONECURGLCENT
CCMMON ZALPCCHM/ RSURFSLBEDO(AC+ 72 )1 VALEFGsJALE, [ALE
CONMON /SDOTAEs STOTLA46,7T2+8), VLV XTS :

NIMENSICN ROKL 46,72)
CCMMON/ FOKK/ ROK
INTEGER®*2 SLEELC
LOGICAL VALBFG

L CGICAL YA GWEWCH

LCCGICAL Ftal

ASAT(XaY)mwBZ22%5{ 1Ca XX (D4a4051-23034723 7Y

GWSWCE = WFALSE s

GUWSWCH = AMCD{{(TAU~TAUI+GSW)I/GEW, 1a) el TeaC09

!F{J.GE oEQ)G\“S“CF=oF~ALSEu

IF{JaLlE ¢ 1€)GUSWIH=.FALSE.

IF (GWSUCHAAND A= 1+ ITCYI/ETCHRITE VW EQeJIITC=1) WHRITF(2,255%)

IMINC=IN '

BC 809 I=1, 1IN '
SET THFSE QLANTITIES TC ZEFF'ﬁER USE IN FREPLRING COWMER TAPE
WITH SFLIY CGRID ) )

TOIo1 oMY = &,

T{Ia2sMEY = g
SET THESE QULANTITIES T ZERC FCR LEE IN PREPARING COMP3 TAPE
SURF ACF FRICYICN TERMS .

P(IsM2) = U{Ts1:sM3Z)

F{IsM3) = Ulls2sM3)

UlTl+1sMZ2Z) = Ca

UlT+2+M3) = C,

JALB=J L

DO BLO ISINCs IV IRC

{ALR=1

HACOS=CLSM¥COS{ROTH{ I =1 )%DLON)

2 —n

HYDONS60
HYDO0S70
HYDO00S80
HYDODESO
HYDOO &0
HYDO G610
HYDC0620
KYDOD6E30
HYDO2E40
HYDOCESO
HYDO 0660
HYDO 2670
HYDOOGRO
HYDOCEDDQ
HYD0S 700
HYDON710
YRYDOO720
sHYDUC 730
HYDOC 740
HYDOC 750
HYDOG 740
HYDGE770
HYDOO780
HYDOC 790
HYDND 800
HYDOD 810
HYDOC 822
HYDCO 830
HYDG G840
HYDCO0B850
HYDC 0860
HYDOCE70
HYDGCBAO
HYD7 0890
HYDCCS00
HYDCEC210
HYDCO0 G20
HYDC 0930
FYD00940
HYDOCGS50
HYDOC 960
HYDON 70
KYDDOSBO
HYDOC ST
HYDO 100D
YDO1050
HYDO 1020
HYDO1030
HYDGC 1040
HYDO 1050
HYDO 1060
HYDC 1070
HYDO 1080
HYDO 1090
HYNQ1100
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28€71
C* % ¥
o EET:
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11
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1%}

25E6

28566

CHxs+

TE3ETEST F£SSCSN A ¥k GUDDARLE SFACE FLICGET (FNTER ¥¥%x% -
COSZ=SIML(J)ASTIANC+CLSLIIIXHACOS HYDO1110
SURFACE CUMNDITICM HYLO1120
NCEAN=TCRCG{ Js T)2CTH 1, HYDO 1130
ICE=TORPCC{Js 1) al T s=GaSES HYDC1140
LAND= eNCT4{ICE.CROCEAN} : HYD2 1150
FEAJZ oNCT JOCEARN ANDS { IGVET2EQ«12) EEEEE S EEEERLERLEELERT BYDQ 1160
IF(GW(ae+72)-1Ca) 2E54,2554+ 2883 ; HYDO1170
SKIW = LALDs ANCaCWw{JsI)aGTaleqC HYDO1180
IF{IGVET.EQe24) CLC TO 2EEP HYDQ1190
SNOW = LAPCWANCV(CW{Jo 1) «CT ol +CoCRASLEECC(J1) wCEL40) HYDOQ1200
IF{SNOWIGW Jy IT) = AMAXL1{10,5 s CGu{Jd,I1}} HYDO1210
cC TO 2cc€?2 .. . HYDO 1220
IF{GWL{d+I)elT,(-0+1Y)GW {JsT) = 1.0 HYDND 1230
STER=GW (J 1 )45 400+ 2650917958 HYDD 1240
WTER= 25*WTER . HYDC 1250
IFCLAMND Y CUW{Jr T 3=o8%(GW{Js1)%k23404)" HYDQ2 1260
IF{ SLBELCC{JSI).EGs3E YGW{Js1)=AVWINLI(le swWTEF ) HYDO1Z270
GWild,yI) = CwlJ,I)r2. CHYDO 1280
IF(LARND >ANDs (GVET 2F Q221 )GW{Js 1) = Ca( HYDO 1250
IF{CCEAN) GwiJdsI) = Da50 FYDO1300
IF{IGVET ,FQs24) CC TC 2ESz1 HYDO 1310
IF{QCEANM}) CC TC 2282 - HYDO 1320
IF (LAT{J)«CESNOCUNIGW(JI+I3=GW(J+I)4INT {(LATLJ)-SNCUBI/(LAT(INP)-HYDO1330
* SNOWNY ¥3«E4) .. HYDO 1340
IFCLAT(J) oLE «SKRUGWS) GWI{JsI) = GWlJdyIl + INTI(LATIJ)I-SNOBSIZ{LAT(1IHYDO1350
=SNOWS) #*#3.E4 } HYDO 1350
cC Te 2f¢z HYDN1370
IF{SLBENC(J,IY.LEW3G) CO TO 2FEZ ' FYC0O1380
SNOW THICKNESS IN CMSe=0sS)y1+0+24C FCR ALBECC=4C+EC+,70 PERCEMNTs HYDO1390
BESINES FAVINC THICKNESS CF 30CNE AT SCLTH FLCLE ANC FERNMAMKRT ICEes HYDO1400
%W ITE MAXM ALBCEDO CF 8C PERCENT. HYDO L1410
GwlJdsI) = 24(CCFEC3 +C e85 HYDO 1420
IF{SLBEDLC{J» 1)L Te50) GWlJLI) = CLELQECZE+ 0.5 HYDQt 430
IF{SLBEDC . s 1) LT 70 GW{JsT} = 1.,0F02 + GaS HYDD 1440
IF{ICEYCW [J» 1) = Z0aO0FO03+CaE HYDO1450
TF{JILE o T 2ANT WL ARE) CGW{Jy I)=30CECZ+C ¥ HYDQ 1460
SNOW = LANDe ANEZHCU{J»1}1aGTale1 HYDQ 1470
IF(VALBFG) GC IC Z55¢& HYDO 1480
SLAEDO( J. Y} = 14 HYD0O 1490
iF(OCEANISLBEDC(J»I)Y = 7 HYDO 1500
IF{SNCWoCER-ICE) SLBECCLJsI) = 7C HYDD1510
PSURF = C.01%SLEECO(J»I) HYDD1&20
IF{IGVET othF o Z4alRaGW(Js T}l Telall) GC TC ZFECEL HYDO 1530
SACTEM = SOQRT{ICW(J»T1}-0.53/71C0CC.) .- T HYDO1540
RESURF = 0 450*S5MTEM HYDO01850
IF{SMOTEMaLT 010 )RSURF = RKRESURF+0,CI#SLEECC(J I)*{1o—-SNCTEN) HYDO 1560
RSURF = ANMINI1(RSURF0.,80) HYDQ 1570
WET = ANIKRI( 1o+ (ANODIGWIJ T ) 1a}*Z)) HYDO1EB80
LAND=LAND oANC o o N To SNOW HYDO 1590
MIXWI = GT{Jal) «LEa+ 121 +ANOS {LANCORCENCE) HYDO1600
FROST=L ANCoAND o (CT(Jr» I ) oLESTICEY e ANCo oML Toa MIXRKI HYDOIELD
IF{ o NOT +OCEAN) Z=FHIS(J+1)r/GRAYV HYDOL1£20
GRCUND TENPEFATURE ANU WETNESS HYDO 1630
IF{OCEAN) TG=TCPCCL{Jv 1} HYLD 1640
IF{ o NCT #4CCEAR) TG=GT (U, 1) HYDOL1ESO

AUTYnD »
8 amyg

S0d 40
TWNDIND
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%% GEODARD SEACE FLIGRT CENTER sn®

FILF TI845TEST $SSDEN A
FIMIXWI). TG=TICE

. F{oNCT-LANC) RET=1.0

c

Cxddx PRESSURES .-

SE = B(I1,KGENT)

CCLMR=FN/EP

£C 30 L=14NLAY

FL(L )=SJC(L)3SF+RTROD

PLE(L )= SICE(L ISP 4PTROP
1 FLK(L )= EXPOYK(FL (L))

FlE(hLAY+!)=tP4rTFUP

Cr¥senr TEMPERATURES ANDR ADIARATIC ADJUSTMENT
DO 35 L=1,NLAY

35 TL(L) = T{Is+L+KCENT)

CC 40 N=1,3
CC 47 L=2,NLAY
LNM1=L~1 ' :
IF(TLIL=1)/FLK(L=1)4GE, TLILI/FLKIL)) CC 1C 4¢
THETA=(TL{LNV 1) ¥DS IGILMI I+ TL{L)2BSTIGIL )/ (PLR{LNM1IACSIG{LNL )+
S PLK{LIFPSICLL))
TL(L -1)=THET A%FLK (L—
TL{L)=THETA%FLK{L)
40 TH{L=1)=TL{L=1)/PLK{L-1)
THONLAY )= TU (RL2Y ) /PLKINLAY)
C SAVE CHANGE Ih TEMFERATURE CAUSED FY ACIAEATIC ACJUSTNVENT HEATING
. DO 45 L = 1.KLAY
45 Uf1eLal1) = TLILY=TCLoL oKCENT)

CH%k+ MCISTURE VARTAELES o
CC 50 L=1,NLAY , b
SFLILY = E£H{{+L+KCENT) ad 20

50 CLOUD(L)=%, RS fa)
CLOUBDINLAY=1)=Ca AR
CLCUD(NLAY+2)=C, : 4§},
CLOUD {NLAY+3)=C, - ﬂ» aA°

CHx¥x ELIMINATE NECATIVE SPECIF IC HUMIDITY =
CC 202 L=0.NLAY . <
L¥M1=L=-1 °
IF(SHUL(LN1)2CELCa) GO TO 207
SHL (L J= SHLTL )+SHL(LMI)*CSTG(LM] }/BSIGIL Y
SHL (LN1)=C,

2n2 CONTINUF
TF{SHLIRLAY) JLT.0,) SHL{NLAY)=C.

C*%%% DRAG COEFICTENT

IF (JaGToJSP AR aJoLToINP) WMAG = +S%SCRT{(WINDSGI!,JCENT) +

WINDSQ{ININC) JCENT)+WINDSCG(T 4 JLP) W INCSC(IMINC JUF) )
IF(J.EQaJGR) WNAGEWMAGSP g
IF{J2EQsJAP) WNAC=WMAGNP

TF(OCEAN) COSANINI(( 1o+s07%XWMAG)F4CC1420CES)
IF(aNCToCULANY (D=00C2+4006E*Z/E5CCCo

IF(GDR) CD=C 5%CE

CHh4%¥ 'VERTICAL LIFELETCN CF HEAT AND NCISTURE

70 LVIN = 7

C CHANGE THIS FEAN YLMIN = NLAYMLY
DC 75 L = 1,MLAY -

HMYDO 1660
HYDO 1670
HYCO 1680
HYDO1&90
HYDC17GC
HYDO1710
HYDC1720
HYL01730
HYDO 1740
HYDC1750
HYDC 1760
HYDOL1770
HYDGC 1780
HYDGC 1790
HyYDCIal0
HYDCLIHIN
HYDC 1820
HyD0 1830
HYDO1840
HYDO1E5C
HYDC 1860
HYDC1E70Q
HYDO 1880
HYDO 1860
HyDC19d0
HYDO1910
HY[DC 192D
HYDO163D
HYDO 1940
HYDO19LO
HYDO1960
MHYDQO1G70
HyDO1S8O
HYDO 190D
HYDOZ2CCO
HYDOZ010
HYDOZOZ0
HYDOZ2030
HYDOZ2040
HYLCQZ0bN
HYDQ 2060
HYDOR2CTO
HYLG 2080
HYDO 2090
HYDQZ100
HYDN2110
HYD02120
HYDD2130
HYDOZ140
HYD02150
HYDO2160
HYDOZ2170
HYC02180
HYDQ21990
HYROR200



FILE

C IF T+E VERT ICAL-

C ARE MCT CCOMEUTER IN TFE CODE THEY WILL DEFALLY TC ZEFRC
7% UlT sl oM7) = 7o
ODC 82 L=LMINWLAY
L¥Mi=L~-1 .
CETETA={TR{LNI}=-TH (L)) (PLER{LMI)4FLEK{L))#,E
DZUP=SPAST Ol ARCAS*TLILNI Y/ (FL (LML YSGRAY)
DZON=SPACLIGIL IMRCASY TL (L Y/ {PL(LY¥CRAV)
FEDLE=22%50
TEMD=DTCZ>{0SIC{LMII+DSIGIL)Y/Z(C2UF4020 N e%2
FLE==2-,*ELLE¥CTETAXTEMP
TLLM1)=TL{LN]}4FLE/CSIGILML)
TL(L)=TL{L)-FLE/CSIGIL)
U(TsLMIMZY = UlTI.LM1, Na)+FLE/DQIC(LW1}
€ SAVE VERTICAL DIFFUSICN FEATING TERNS
U{T+L+ME) = “TFLE/DSIG(L}
TE{LF1)=TL(LNMIL)}/PLK(LNML)
TH{LY=TLIL) Z7FLK{L)
CSH=SHL {Lit1)~SKL{L)
ELE=—-Z.*EPLEYDRSEATEME
SFL(LNI)=5hL(LN1)4ELE/DSIC(LM1)
BY SHL{L)=SHLILI-ELE/ZDSIG{L)
Caxsk SATURATICKN SFECIFIC HUMICITY
0OC 102 L=1l.,NLAY . )
SHSAT (L }=USAT{TL(LY PL(L))
GAM(L)I=CANFACHSFS ATIL )/ TLIL }%x4Z
REH{L)=SHFL(L)Y/SESEATI{L ;
1¢h CONTINUE
Cxdx¥ DETEEMINATION CF SURFACE TEMPERATURE
PS=FPLE{(NL AY+ 1)
PEK=EXPEYK(PE)
TLE{NLAYR1)=TE{J, 1}
RES=10
THG = TS(Jse 1)/ FEK .
IF{WFT+RHI{NLAY YalhFoCa) RHSES=2¥UWETHRF(NLAYY/{WET+RE{NLAY )]
C R~ SCALE
IJF{+ANCT LANDI)CC TC 101
RES=0,
WAT=Z v R (1 b EQECECH D X WET - EEEECECEEE)
IF{SLBELCC(Jry 1)aECa3S JRAT= s B2 {Z2e 3 NET=o2€U(GS1TSEE)
IF{VWATSCT 2l JWAT=1, '
IF{WAT LT oI NAT=C,
WAT=WATHL1,~FOK({J+I13)
TCM=W AT .
!F(MAT+FH(NLPY)GGT¢Q)RH5=“AT*RF(RLAY)/(WAT+FP[NLAY))
RES=Z2a%REFS
101 CONTINUE

I6EISTEST SSSCSA A

DTS=TG-TLEINLAYF1)

FCIFFUSTIOCN REATING

*%% GOCCARE

TERNVS

IF(DTSaCE WD) CRAWSCOA{WNAGHSCRTIDTS

IF (DTSLTaNa)
ANMAGN=1 6

IF(DTSESLT AN} WNMACK=
ZLN=ZLNCC®HTLF{NLAYP 1 )ASP/FES
TF (TH{MLAY) oC
EGCNS = 104+1C0

21 2% (WNACH,0))

zT.TFGY GO TC 110
eH¥ {1 FEXP{1ZCCax ((THIM AY }=-THGIAZLN)))

TC EE

SPACE fFLIGFT CENTEFR

)}

CRAWV=CD*WMAGH(WNAGRUNACY/ {{WMAGRUNAEC)=T7+0TE)

SAVED (N TrE CII‘!‘H"z TARE

HYDOR210
HYDQR22C
HYDDR 230
HYDN2240
HYDO2250
HYDO2260
HyDO2270

HYDO 2280

HYDOZ2290
HYDOZICO
MYDCZ310
HYDO2320
HYDCZ330
HYDGR2340
HYD0 2350
HYD02360
HYDO2370
HYDO 2380
HYDO 2390
hYDOZ400
HYDO2410
HYDC2420
HYDO2430
HYD0 2440
HYDO 2459
HYDO 2460
HYDOZ2470
MYSC 2480
HYDD2490
HYDO250n0
HYDQ2ELQ
HYDGC2520
HYDOZ2E30
HYDG 2540
HYDD 2850
HYDO 2560
HYDQ25790
HYDO02530
HYDO 2590
HYDO2600
HYDNZ610
HYDC22620
HYDO2630
HYDO2640
HYDQZEEQ
HYDO2660
HYDO 2670
HYDN2&80
HYDO2690
HYDOZ2700
HYDJ3271 0
HYD0o2720
HMYDRDD2730
HYDRDO2740
HYDO2750



FILE

Cc
Cc
110

113

6415

*hLAY?

I6ASTEST ESSCSN

A x%% GLCDODART EFACE FLIGHT CENTER %3

CC T3 117
CCMPUTATICN CF DIFFUS[UN CCEFFICIENT EETUWEEN SURFACE AND LAYER
WITH KNCAR FCENMULATION -BUT NG CCUNTERCRALDIENT

IF (JaEGadJdsSP) GC_TOQ 113 _
IF (JSsEC.JNPT T 70 1Y4
DU {U{ IMINC +NLAY KU
AYWKCENT )-USH{ I
{ ININC SNLAY KU
AYSsKCENTY~VYS{ ]

ry

% Z AT VN Y b= MR

H
F

'-E'U?TJ

Q<

IthhLAYaKUP)-U
INCsMNLAY JKUF)=-VS
I

NCyNLAY s KCENT )~

(IshL

0
T W
-

LECINMINSHSCENTYHUL T HNL AYLKCENT }~
NCoNLAY KCEhT)—VQ(INth-u(FBT)+V(I BLAY +KCENT) ~

1
Y
|3
N
N
}
M1
T b
((TF!hLAY)*THG)/ZLB}/{1G*((DL/ZLN)**2+lDV/ZLh)#*E+

S DTN~ T DO -

(1o+40e*¥RICH) 42

AWET)
ddtEk NEW BETA FCR

/
1
* GRe EVAFORATICN i@ dkank
WGEM=D 4 16 .
IF{SLREDC
FXTRN=1
RCCK=ROK(Je 1]
ASM=, 15
USMs=y 10
RSURFF={SLBE
RSURPFF= ARS(R
IFLARS(RSURF
ASN=T .0ESCALL
USM=" 4024278
WCN=2,4
CCNT INUE
WCM=WGEM» 2
VEM=2AWET
VP1=AMAX1
1
1

aLT«10) GQ TO 1€z

CO{Jy1)%,01—a35)
SUFRFF ). )
FlaCT eall)

GC TO €41E€

N3
WET
ET™

wnr

SM+US?

y~L¢
VP2=AMIN MELEMYI/LEN
VEZ=AMAX
VPM=, 1 *VyP
SFG=
XES=7,
PREVAP=Y
FILTF =1

VCTC CT{J

~LEN)ZASN}
£V

aNIERVGTCI+a 4562
1+0E~-21

HG+&DV*CHL(NLAY))/(CFA“+EDV)
1aPSY '

..-U')

CCNTY INUE

)

HYDO2760
HYDOZ2770
HYyDO02789
HYDO27G0
HYDQZ2800

P)+HYDO2E10
1)
P
)

HYDO2820

Y+HyYnCo22830

HyD02840
HYD0O2850
HYDC2860
HYDOR2ETQ
HYyDOz8890
HYDO2830
HYB Q2900
HYoozsl10
HYDOZ2920
HYDQZ2930
HYDO2940
HYDC2S50
HYDD2960
HYDO 2970
HYyDQ2%80
HYDO2a4G0
HYDO 3007
HyDo3o12
HYDO3020
HYLO3C30
HYDO 2040
HYDO2050Q"

HYDQ3IN60

HYDO 3070
HYDO308¢
HYDOQ 2090
HYDN 2100
HYGCO3110
HYD0O3120
HYDO 3130
HYDO03140
HYDO2150
HYDOZ2 169
HYDOZ 170
Hy003180
HYDC3199
HYDO3rzno
HYDG 3210
HYyDQ2z220
HYDO X230
HYDO 3240
HYDOQ325D
HYD 22260
HYLO3P70
HYD0D2280
HYDC3290

HYDOZ2300"



FILE

1234

6120

49000

12135

TEISTEST SSSCSN A tdk GODDARC SFACE FLIGHT CENTER ###%

BEETAZ=] L

IFTLANG 2ARD o aNCTHSNCWIGD TO 1234

GC TC 12328

CONTINUE , .

TEMP=SATI/TLE(NLAYPI )

GAMCN=Z LN®*RHSAC (8% 1 o={ 14 +CLHXTEMF/KAP 2/ [ L +CGANFACKRTEME/
ITLEI(NLAYP1)) V*XKABA/RGAS

TREMR={DREAWNT GHELVH{THINLAY)*PSK-GANCN) I/ {CRAWFED V)
SATI=CSAT{TNEL £S5}

IF(SHLE(NLAYF1)sLELSATL} CO TO €12¢C

GAMSN=GAMFACYSATI/TNEF*%2
TEMP={SFLE(NLAYF ) )~ SAT!J/[1-+GAN¢N)
TREH=TNEF4TENPHCLE

SFLE(NLAYF1 J=SELEINLAYPL)Y~-TEMP
FXTRN=1.,/EETAZ

CCNT INUE

REQS=FS/{FGAS*TNEL) )
DTSI=+0%{CTSATC~-TNEH) .
ITF{DTSI +CE aD o) CRRAN=CEX{WNAG+SCRTICTISIY)
IF(DTSI *LT.Q-)ERPN_:CD*WNAG*(WNAG*hNﬂG}/((hMAG*“NﬂC) 7Te2DTS]I)
PREVAF=DRENXRHCS* 100 ¥(QSAT{TG FS)=~SHLE(NMNLAYF1) }H43€LCe
[F{(PREVAFLLE JCs) CO TO 1235
EXPTI=AMINI(I7Cay 164 75%VEM)

ETAZ2=,,0 1 XVSMAERE(EXPT I} /PREVAFR
EXPTI=ANINIT 17 «, 16 .75%VPM)

RTZ2P=53 10*VPMAEXF{EXPT LY /PFREVAR
PLANT=ANINI( 103CESZ/e25EE)

IF{COSZ »L.T»0) FLANT=2,. .
[IF(RSURFFaGTssC1) GO TO 4C0C

FLANT=1 .

CONT INUE

BTZ2P=FL ANT¥RTZP

EXOTP==ANINI(17C.+BT2P)
FETAZ2P=1,~EXFI{EXBTP)
CXPTS=-ANINTI(17C4,.3TAZ)

PETAZ=1 «=EXELEXRTES) . .

BTA=9CTAZ4BETAZF

IF{B8TAWCT«14) ETA=L,

EXTOR={ EXPTSHERE(EXPTSIHIEXPTYPRAEXF(EXPTF) )
CTABET=(1.~RECCK I+*EXTDR
IF{BTA.GT++9<¢I9CICTRBET=0.

ETA =11 .+-ROCK)FETA

FETAP=RTA
EVE=RET A2 _
SHLE{NLAYFLII=5HL (NLAY )~BETAZ2%(
CCNTINUE
EVE=1,
EVACO=EVE*DR 2%
CVACN=ANAXI(EY
SHSATS=CSAT{TL
FS
I

SHL(NLAY)=SFLE(NLAYF1)1)XFXTRA

SHFG=QEAT(TG,
hNEW BETA CONT
EVE=BETAZ
TEMP=SHEATS/TL
GAMC=ZL NXEHS*9,

A
E
)
b
€

mh [

HYDO2310
HYDQ3320
HYDC33340
HYDQZ 3240
HYD03350
HYDQ33de0
HYDNO3370D
HYD03380
HYDO2320
HYDO 3400
HYDOZ410
HYDO 3420
HYyD03430
HYyD03440
HYD0O 3450
HYDOZ3460
HYDN3470
HYDN34380
HYDO2490
HYDO35CO
HYDO2E10
HYDOQ 3520
HYD0 3830
HYDO3S40
HYDQ 2550
HYDO 3560
HYCQ3570
HYDOZ580
HYDO3530
HYDOQO36060
HYDDZ2EL1OQ
HYDOZE20
HYDO3630
HYDOQ3E40
HYDOQ3ESD
HYDOZ2660
HYDO3a70
HY{203680
HYDO3E90 -
HYDG3700
HYDN3710
HYDO 2720
HYDO3I730
HYDO3740
HYDD3750
HYDOQ3760
HYDOITTO
HYDO3780
HYDD27G0
HYDO3800
HYDO3810
HYDO3820
HYDQ3830
HYDO3840
HYDO03B50
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IE3ISTEST SSSLSN A

FILE dk% GGODARC SFACE FLIGHT CENTER #%%
#* ?LE(NLAYPi))}#k#Pn/RGAﬁ
TLE(NLAYFI):(DRﬂW*TG+EDV*(TF(hLAY)*FSKﬁGﬁNC))/(CFA“+LDV)
SHLEINLAYFI)={EVACO*SHGH+EDVASHL{MNLAY) )/ (EVACCHET V)
SHSATS=GSAT{TLE(RNLAYF1},PS) R
IF{SHLE(NLAYE1J+.LEsSHSATSY GO TO "12¢C
CAMS=GAMFACKRSHSATS/TLE{NLAYPL ) 222
TEMP={SFLE{NLAYF1 )=SHSATS)/[I1,+CAMSE)
TLE{NLAYP1)=TLE(NLAYR1)+TEMPE*CLH . .
Cak [F{FHAJITLE{NLAYPI)=TLE(NLAYP] )~ 7E*TEMFHCLI AdR A Bl sk kR ok X
SHLE{NLAYFL)=SFLEINLAYR] )-TEMP
12N GHOS=FS/(FGAS*TLE{NLAYP1})
CHuke GENSIBLE HFFAT (LYZDAY)Y ANC EVAFDRA?ICN (CN/CN* %D )SEC)
DTszoS*(DTS+TG-TLE(RLAYP1)) .
NSRS=SHCE-SHLE(NLAYPF1) .

TF(DTSsCEN, ) CRARSCO* (WVAGHSGRT(DTS) )
IF (DTS aLT302) DRAWSCOXWMAGK (WNAGXUNAC)/ ((WNAGKWNAG) =74 %DTS)
FSURF=CLCEFSYRHCSXCRAW/SP
_ TL{NLAY }=TL{NLAY }+FSURF4DTS
Cx43 4
CCN1 -= THINL'AY)4$PSK=GANC:

- CCN2 = DRANXTG

IF{IGVETAEQa17) TLINLAY) = TLINLAY) + FELFFXDTER({,E
C SAVE CHANCF IN TEMFERATURE IN LAYER 'NLAY®' CALSEL BY SULRFACE
C INTERACTTION FEAT INC ’
FSURFADTS

VIiIeGSsN22) =
. IFIIGVETEQ«173) V{I+IaMZ) = V{I4CNZ)Y 4 FESURTFAZTLEN LS
C SAVE EVAPORATIGCN IN MM H2C . ’
- PlTsaN1) = FSURFEEVEXDSESHINO0 «XDSICI{NLAY)ASP/GRAY '
Caddx IF(FLAJIPUI M1)=+FS%P{1,M1) ARt A B A Ak kdok s A S M kA Rk ok Xk
THINLAY )=TLA{NLAY)Y/PLEK{NLAY) :
SHL{NLAY)Y=SHL{ANLAY )+ FSURF*EVE2DSH+S
CHkxr JTFRIFSAJISHLINLAY)=SHLINLAY )= 7SXxFSLRFYEVEH*DEKS LR ERERE LETEEER.
IF{SHLIMNLAY YL T4 D20) SHLINMNLAY )=C
C SAVE EVADPCRATICN ARNE SENSIELE HEAT FLUX FCA CCEAN{LY/CAY)
IF { LNCT, DCEANY GO TO 122
EVAL =6C0. | )
TEMP =10 42 CRAWHERFOSHXSOAY
VII s 3+ M3 )=EVALAEVEXTEMP%RDSES
VIl s, N3)=CFXTEMPRLTS
C AVE PRECIPITAELE WATER VAFCR{G/CMAXZ)
122 PRECWY =N,
EN 123 L=l+NLAY
1273 FRECWV =FFECAVASFLIL }XDSIC(L)
V(I-IoME)zgp*nFEC 104 /CRAV
FSURF Q= + 2E%FSURF
CC 140 K=1,2
IF (JLEC.JSPE) CC TO 1325
CITI NLAYKCENT+KY = QUISNLAY KCENT K I=-FESLRFC®0S{IsJCENTsK)
T{TWNMIHK) = P{T M1I4<) 4+ FSULRFORGCELY 4 CENT 4K} .
QUIMINC oNLAY yKCENTIK)Y = Q{UIMINC NLAYSKCENTSK) = ESULRFGE®
1 CGS{INMINCHJCERNT K}
P{IMINCY MI+K) = PIIMINC,M14K)} + FSULRFC S{ININC s JCENT 4K}
135 CCNTINUE .
IF(JaEGeJhR) GC TC 140
CGUYIZNLAY JKUP 4K} = G{T.NLAYSKUE, K)—FCUFFC*CC(IlJLFQK)

HYDD 3869
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HYD03880
HYDO3830
HYDC3900
HYDGO 2610
HYD 03920
HYDC3930
HyD0O3940
HYDD3950
HYDO3960
HYDN3G70
HYD03980
HYDOQ3ZOO
HYDQ4 000
HYDC40Q10
HYDO4Q20
HYDO4Q3Q
HYDO4C40
HYD04059
HYDOA406D
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HYDOAQBO
HYDRDOQ409D
HyBO4 100
FyDQC4 110
HYDO4120
HYDQ4 13D
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HYDO4150
HYD 04160
HYDO417%
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HYDGC 4190
HYDO4200
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HYDO4 220
HYDO&230
HYDD4 240
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HYD04260
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HYD04Z80
HyD 04220
HYDO43020
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FYDQA370
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HYDO4 390
HYD04400
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C SAVE SOLAR

Cowak®

C SAVE

C SET

0O 0N
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TE3STEST SSSLSM A %k GCDODARE
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I {Tie
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+04) GO TO 410
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SEL
SHL{NLAY)= 0. .

») SHLE{NILAYPI )=C,.
S

20

0D TO 4a29

RADIA
IF{NFL
1IF (aN
XDAY=FL
XLAT =
LATD = _
CALL SCLAESR1
DSAREA = L[CXY
IF {CO0SZ,GT,
TCSABE = 26
CC 412 L
TOSABS
TOTABS
CALL L]
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ROJAR = PROJAR+USAREAXCCSZ
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To s WETIT)
Ce)WET=C.
CCPP2 TAPE _
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- ®

SEFACE FLIGHT C(ENTER &%

EINC, JUFK)
?

Y)
f*ﬁi*i***#*

-~

RADIAT[Ch AT TOF Cf MCCEL ATMOSERERE(LY/ZDAY)
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HyDQoe250
HYDO6260
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HYD0O6280
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HYDC6E310
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HYDOEA30
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HYDOEISH
HYDO6360
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HYDO&3830
HYDQEJQD
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TF{ ANOT MIXWI) WIi=0.
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HYDOG610
HYDOE&ID
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HYDOG666D
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HYDNET700
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HYDOGT40
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HYDQGA810
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HYD2€&850
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HYDG6S00
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HYDC7020
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FILE IE35TEST SSSNSN A kkk GCDDARD SFACE FLIGHT CENTEFR %3#

IF{TAULEGaTAUTIAARNC s I aGCE w10 ANDa T el EeaCZafRLCaJeCEQ3]l eANDw JoLE-36)

1 GC TC FO0ES ' HYyDO7170

GC TG B8CEFT HyDC7180

8085 CCNTINUE e HYDO 7190
Cc CHANGED UNITS CF FPREVAP{MM/HOUR .-TC C(M/FALF FCUR EBY DIVD EY 20 LO/ZIHYDO7200
PREVAP=FREVAF/ZC, HYDQ7210
WRITEISWZEE1) Je [aGWJe LY 2GT{JWIIWFCTALFWRUNCFF.FREVAP,ULCTAZ, . HYDGC722¢
1ECARFILTFIBEFACTyRHOS+DRRAN»QSShsDRARSICEFSYyPLANT HZFCCKHyROFIGWSsLTSINYDOT7230

PES1 FLRMAT{ IX+2I242X+S{E11444CX )9/ +1C0X+S{El1o0d,2X)) HYDC?7240
2955 FCRMAT( /7793 Xe " J I WETNESE/RHCE CRITEMF/CDRRN FCTALF/GSESH FUNCFHYDQ72350
1/DRAY PREVAP/CSFS BETAZ/FLT ECAR,RCCK FILTF/ROFIGW EEFACTHYDCT7280
2/ETST Y /77 HYDO7270

POES CONTINUE HYDCT728¢0
C HYDO7 290
C AR EREE SRS RIS E RS EREEERESEESERERREER B EEER LSS HYDCT7300
C LEEEEEL LS CROUNE WETANESSE SECTICN-ERNCSE A %A d%ak HMYDO7310
C Add ok ddek Aok kb kok kb kB A F A AR A A AR kbl Ak ok okok o ko ok HYybO7320 .
C HYDC7 320
Caaxe TOTAL HEATING AND MO ISTURF ADJULSTMENT HYDQ7340
CC 320 L=1+NLAY HYDC7 250
SHIILWL KCENT ) = SHL(L) HYDOQ7 36C

€ SAVE CHANGE [N TENFRERATURE FRCM SOLAR RACIATICN FEATINC HYDO7370
T{I.LaM1) = AS(L)*COE{L) HYDG73R0

C SAVE CHANCGE IN TEMFERATURE FRCM LCNCG-WAVE RACIATICN FEATING HYDQ7390
SH{I sLaM1 )} = {(FREAL+1I-RE(L)I)XCCE(L) LHYDO 7400,

520 TITSLWKCERT) = TLILI+{ASTL)4RE{LA41)-REILIYXCCE(L) HYDO74L0
TSCJds T)=TLE(RNL2EYPY) HYDO7420
SDOT(JsTal) = BNIRL{SDOTL{JsT+1)1S{J,1)) HYDC74390,
SBOT(Js IvZ) = AMAXLISDOT(JaI,2),T8(J»1)) HYD27440

B1M IMINC=1 HYDG7450
RETURN HYDO 7460

END HYDN7470
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ST o DLMBOO10
COMMON PHIS (08,14) ,FD (08, 14) ,TOPOG(08,14) ,SINL{46),COSL(46) QLMO0020
- CONNON ~ _— T OLMOD030
$ PC(8,14) ,T5C (8,18) ,SHSC(8,14) ,6TC (8, 14) ,6¥C{8,14), OLM000B0
¥ UC{8, 10,3} ,VC (8, T4, 3Y , IC (8,10, 3}/ SHC{8 ., T4, 3y, PLR{T0y ", CLNODO05 0
3 SGC(8,14) ,05(28,18) ,Vv5{08, 14) OLMO0Q60
- COMHON ” T OLMOOGTO0
* PLE {(10), TLE(10), RH{10),TH(13),DSIG (10),SHL(10), DLM03080
TTE SHLE{TO0Y ,RE (TO0Y,SH {8, 14,3}y L PL{10), - TTTUTTOLERO0030
* GT{08,14) ,SHS (08, 14) ,TL (10), OLK00100
¥ SLEEDO{U8, T8y, TS (U8, T4y, GW(0E, T8y, RURK(08,T14), OLRO0TIO
* IWR (10) ,SIGE (10} ,SIG(10) OLM00120
COMRON - TTTOLHEO0MT30
% RHS, PTS,CD,EDV,Z2LN ,DRAW,PREVAP,PLANT ,EVE,REDT, 0L MO0 140
T ¥RHDS,CZH,TIRBET,TERNT, TERNZ,,TERNI, TERNG , TERNS, DN NON,RADTRH, ™ GLMG0150°
* SNFAL,RBRAIN,OVER,HETR,WET, TAU,WMAG, ETE OLM00 160
DIMENSION PLTGTC{ZO?) PLTGT(ZOD),PLTGHC(20§),PLIGH(200), OLM00170
1 PLTSHL (200) ,PLSHE (200} ,PLTX(200) ,PLTTS (200), OLMO0 180_
2 PLTPR (200) ,PLTAR({200) ,PLTEVE {200) ,PLIRGS {200), 0OLM00190
3 PLEGCM (200) ,PLTOTG {200) ,PARGO {200) QLMO0QZ2J0
LOSICAL*1 STAR/' %'/, PLUS/t+'/,POURD/Y$#Y/, CROSS/T Y /,PERIOD/' Y/ OLMO0210
LOGICAL OCEAN,SWOW, ICE,LAND,MIXWI, FROST,GCHM OLM00220
LOGICAL UCLA,UCNI,UCNIT, oCNJJ2,A5S8IM,2TNPT, VALBYFG oLMG0230
LOGICAL WETCEL,AVCELL,DRYCEL,LOGB,UCLAVN,VRPu,GDH __QLM0O0240
REAL*4 KAPA DLM00250
INTEGER*2 SLBEDO . _QLM00260
OSAT(X,Y) = .622% (10.%¥(9,.4051-2353. /%)) /Y OLM00270
¢ OLMO0 280 .
¢ REVISED MODEL STARTED 1/78 0LM00290
C E CMS HYDRO NEW AT GSFC OLM00300
C OLM00310
_C DATE CORRFCTTONS ___ __ D0LMOD320
C DLMO0330
C STEP 1: DESIGN OF EYPERIMENT . pLmMOO340
C 0LM00350
c A SET MODEL LOGICAL PARAMEZERS . 0LMO0360
GCYM=.TRUE, DLu60370
OLMOOBBO

GCM=.FALSE.
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) 0LM09390

UCLA=.FALSP. .. __ __O0LM00%00

~ UCLA=.TRUT, " oLMoou10
UCLAY®W=.FALSE. ...OLuO0OL20
GCLAVW=.TRUE. OLMOBU3D
UCNI=.TRUE. _____ OLMOO4HO
UCNI=.FALSE. OLMO0BSE
UCNJJA=.F2LSF. _..0LMDOL60Q
UCNIT=.TRUE. oLBO0L70
UCNIT=.FALSH. __0LMO09u80

ASSTM=. FALST®. OLMOBE90

C TINPT: TRUE IF SURFACE WD SPEED INFO IS }VAILABLE _0LMDO500
¢ ~ ON INPUT DATA TAPE 0LM00O510
TINPT=, FALSE. OLM00520
LOGB=.FALSE. OLM00530

N 1L058=,TRU=. L _OLM00540
c LOGS TRUE, OLM WILL EEAD AND USE TAPE VARIZABLES, OLM0O0550
C GWC,GTC, EVERY TIME STEP . DLM0O560
VALBFG=.TRUT. oLM00570

c OLN09580
‘WETCSEL =.FALSE. CLMO0S90
WETCEL=.TRUE. OLEDOEOD

T AVCELL=.TRUW. "OLMO0ET0
AVZELL=.FALSE. OLMOO620
DRYCEL=.TROE. OLMO0 630

‘ DPYCEL=.FALSE, QLMY E40
T TN E T =, TRU . ~ OLH00650
. VRPU4=,.FALSE. . _____OLMOJESED
GDH=.TRUE. OLMOOETO

s GDH=.FALSE. OLMOJ680
C “" o T T T OLRO0ETD
C ' OLMI0700
C B PROGHEN CONSTANTS TTOLHOOTI0
C 0LMO2720
T NLEY =9 T OLKOOT30
NLAYP1 = NLAY + 1 OLMOOT40

JMIN=1 DLHO0TE(

JMEX=8 OLMDOTED
TWAR=TE TUTTOLE00T7TO
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T R=Y — -
C —
JNINUS=30
Tt FHEXUS=37 T T e e
TMINUS=12
TMAXUS=25
G e S e e
NLEY®1=NLAY-1
o . AMP=JNAY-1 e e
THC=THIN
e dHC=1 e e e e
IM=IMaY
. JIp=JMIN+T _ e

T IMPRP 1=JHP+1

PNENT!

I
o I2
T3
J1

TEIN+1
TMAX

Hon

INC
JYIN

v e

S
J3

Cren s e

JXRY-1

hn
o

L2

g

c
SIGT

DSIG(L) =. 11111111

‘SEGE (L+1) =STIGE
70 SIG(L)=.5%(SIG

(Ly *DSTG (L)
2 (L) +STGE(L+1))

FYF G N

RGAS=287.

-

[ Y S ¥ PRI BTV R R e -

s

¢ DO LOOP PARANRTEPS FOE SERCIFIC CELL LOCATIONS

KaPA=.286
GRAV = 9.8
TICE = 273.16
SDAY= 86.82+3

TUFWOPI = Z.*3.7
PI=3.141552654

416

DPI=PI

CITD = 432,

mrr e m e e a b

‘OL¥00780

OLM00730
0L,M00800
OLM0ODS8 10
oLM0N0820
OLM0O0830
OLM0D840
OLMO0850
QLMDG 86D
OLMOO8TC

 OLMOOBSD

OLMI0890
OLM00900
9L¥0V910
OLM00920
0LM0D230
OLMO0 940
OL¥00950
OLM00960
OLMO09TO
OLMD0980
OL%03990
OLMO1000
ALM01010
OLM01020
OL¥010390
OLKO01040
QLMO1050
OLM01060
DLE01070
OL}01080.
OL¥07099
OLM01100
OL¥01110
OLM01120
OLMO1130
OLMO1140
OLM01150
0LM01160
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KEAD {5, 147) M, (TOPOEG (J,I} ,d=1,8)

AIC® = 300. 7 ALM01170
STBO = 1.178-7 o o ) oLN0O1180
R of - ¥ T } OLM01180
CLH=600./.28 ©OLM01200
"GERFEC ~“f—TE"—iﬁ”““”““'““““‘”“””‘_“'“ T - 0LM01210
o ) ' DLMO1220
e T “‘“““““““""‘”“"““‘“§"T§“2: PARAMBETAR SPRCIFICATTION i OLM01230
C ] OL¥M01240
e - CETVER TART AN L TFUNCTION OF Wigm STdEp "~ OLM01250
c ‘ ' OLM01260
B 1 o e I 4 L i oLM01270
NHOGAN=1 _ OLM01280
T OTTTTIPTASSTRY BTCISEYL FRULEY,T T T e s mm m e e DLMO1T290
TP (ASSTHM) NHOGAN=1 OLMD1300
T . ASSIN NS A 3 OUE T AY ”ﬁTEfVXﬂ"““““""*'*“ "OLM01310
COEFS=GREV¥DTC3/DSIG (NLAY) OLM01320
~C - — T TTTTTEATT s e 2 "OLM01330
C B DATA SPECTFICATTON FOE INITIZL RUNS QLM01340
T Il ) e OLMO1350
C TOTALE = 0. OLMO1360
©ot CTHUNTHSS - " T e T e e OLM01370
IGVET=15 OLM01380
IGVET=Z5 "~ ™~ - TTTT T s S s e OLMO01390
TGVET=23 OLMOTL00
PTROP=10. A e T Tt e - OLMDTL10
RD= 10. QLMO1420
“C T NoTT s s em e e s e OLMO1430
C C INITI!LIZATION OF CELL VARIRBLES OLHMO1440
c T e e s T OLMD1450
C 20K=1: OCEA¥, 2:LOAMY 50IL, 3:SRNDY SO L OLMOTBAQ
= UREBEDYS, TSy ((ROK [3,71),0=1,8) ,T=1,14) ~~ -~ - OLMO1470
o SLBTDO FOR JULY IS5Z27ALBD BUT GCM TAPE US3AD 18 FOR LANOLMO1480
RFAD (5,146) ((SLB®DO(J,I),J=1,8),Li=1,14) OLMO1490 -
c _BUT FOB THEZEE YFST CELLS IT HEADS PHIS RRRAY 0LM01500
C SEE TOPOG PRINT OUT 0LMO1510
L READ(5,145) ((PHIS(J,I) ,J=1,8),I=1,14) e _DLMO1520
DO 148 L=8,MONTH OLM21530
oo Db 148 I=1,14 e OLH01540
OLED1550


http:CLH=600./.24

188 COMNTINT™. : R e, . . ... bLMO1560

61-€

145 FORMAT (B (F10. 53] : . OL¥01570
46 _FORMAT(B(T2)) X ot s e 2 ot e e . QLMQ1580
147 FORMAT(I8,8.(F%.3)) ) : JL¥01590

¢ RKAD(20) SLBEDD,PHIS,TOPOG " . o .. DTMOT600
c L OLM01670
c . D SET SUMS FOP 2LL AVEREGES = T0 0. OLM01620
rVGT=9, ‘ , _ OLMO1630

o SuyMAV=0. . , - o . . ouLNO16HO
AVTS=0. OLMO1650

o AVGH=0.. - » . OLMD1660
AVGTC=). ‘ o oLuGT670
AVISC=0. . . .- 0LMD16B0O
AVGWC=). OLMD1690

£ - e - .. OLMOT700
c ' T INITIARL DATE TAPE READ OLM01710
[ ) . 0LM01720

) ?ar(oe 9%) Tr¥,PC,TSC,SHSC,GTC,GWC,UC,VC,TC,SHC, FLUXC - © 0Lu01730
95 PORMLT (126 (25514)) L _ L ____ 0LM0171Q
z ' ALMO1750
c_ . o OLMD1T60
HOOR = TAD - NLMO1770"
__NHH=10 ~ e OLM01780
NHH=95 OLMO017390
LIINC=.Z _ e e OL¥91800
TF(ASSIM) TINC=3.0 . 0LM01810

c o _ e 0LM01820

T De 200 IHH = 1,NHH : ' OLM01830

. HOUR= HCUR+TINC e A _ . DLM01840
c ‘ ' OLMO1859
& . OLMO1860
C F BEGIN CELL LONP CF MGDEL . DLMOTETO
WL - VARIBBLE LOCATION o il e . 0LU0 1880
[ T e e e et e — e e e e e e , OLM01850.
i ] o OL®01900
C OLMO1810
C T oIt T e mm e e e = m = == = = = =TL,T{LAYSR J0LMO1920
et Ty e e e e T 0LM07930
C e OLMD1940




0c-4

o e T 75,TL%,PLY OLM01950
C DLHM01960
T T R R R R R R R P AR R AR FRFR R KRR AR R A EREFRRRE T e R ek e d k5% gf, P, 78,545, 0LMK01970
o4 : o o N OLM01980
e T “BIm RiW  SQUIVALENT  SOQUECE NAMD OLXD19S0
c OLM02000
ol B R R R A R R TR KR O R T o ok o o oK A o o ke A o e ok K R kR ke ok kb Rk Rk kR EXOLMO2D 10
C ' L OLM02020
& NOT® 1 NOTE 1 BC (8, 18) TTUTRRRETT TR (3,7Fy "= PY 2 TPs-PoLmMO2030
C TS(10,10) TS(8,18) TSC(8,14) TAP® SURFACE TEMPERATUROLMO2040
¢~ 7T TSHS (1Y, Ty SHSIU, TOY SASC (8, 15 TAPE " NET RADTATION(FY/DOLMO02059
c GT (10,10) GT(8,14). GIC(8,14) TAPF GRODND TEMPERATUREOLM02060
of TTUBW(IY, Ty GW (8,78 T GHC(E, T T TIPE T GROUND WETNESS T DLM02070
C Uc(8,14,3) u0c(8,14,3) TAPE X VEL COMPONENT (M/OLM02080

[ ol VC{8, 10,3 Ve (8, T4,3) TEPE T OVRL TCOMPONENT (M/01.m02090
YOTP 2 NOTE 2 TC(8,18,3) TAP® LAYSR T®MPERATURE OLMO2100

T T TTTSHTUTOY SA(8, T, 3) SacC{(9,T8,3}y  ~"TEPE SPEC HUM OF LAYER OLm02110
C TLS(19) TLE(10) STED 7 ? (L} OF INTEE 1L-1,0LM0212)
T T RH{TO) RH - STEP &  HELATIVE HUMIDITY OLM02130
c PLR (10) PLY {10) STEP UA PR OF INTEERE FACE,LOLM02140
c TH(19) TH{19) STEP 7 POT®NTIAL TEMPRRATOLM02159
c DSIG(10) DSIG{10) PROG CONST.=1/NL3Y=.111111 0LN0O2160
c SLBEDO(1),10) SLBEDO(R,14) SPECIFLED EARTH ALBEDO FROMOLMO2179
C o o X e e e e e i, oL¥02180
C NOTY 1: PL & PLE 2RF SPECIFTED TN STEP 42 FROM PC OLM02199
SC ~ NOT% 2 TL IS SPICIFIED IN_STEP 4B IF GCM TYPUT NOT AVAILABOLM02200
- oLM022190
C. .. ... ) w20 ONF CFLL FOF NOW 10/22/77 & . _ _ - OL#02220
IF (WETZEL) I1C=12 OLE022390
IF{YETCFL) J1c=7 i e OLM02240
TF(AVCELL) T1C=% OLK02250
IF(AVCBLL) J1¢=3 o Y HLUO226D
IF(DRYC¥L) IiC=34 4?é? 0LM02270

_ . IE(DRYCREL) J1C=t_ . . . e ¥S 011402280
33c=1 £§g§ OLMO02290
L= el IS ~ 0Lx02300
T2C=112 ?@ 0LM02310
J2C=J1C - ) A OLM02320
NCRLL=0 o N DLMD2330


http:DO.ONF.C.LL

Te—-€

o
"po 300 T=T1¢,I2C,T3¢ T T
D0 300 g=J1¢,Jd2¢,33¢ . o
o
___NCFLL=NCFLL+1 e o
o
C ____G_ DO LOOP READ e .
IF(THH.GT. 1) READ {08,095y ®iv,2E,T8C,580s¢, 680, GWE, uc, vE, IC, SHC
- *'FLUXC [Rp— —a - - T MmN P mee— T PERL A AN A e - - oa - -
C
. TF(NCELL.EFQ.1) y o
iCELT SUEFWD(NLAY,NLAYM],JMNP,TNC,IM,J1P,JMPP1, TINPT,AS5IN)
C
e T T T TR SPLAR DECLINATION CAXCULATION T T 7T
C
TTUIFIACELTUROL Y i T T T s e e s
_1CALL §PFT(PI OPI,COS5D,5TND,ROT,DLON,ESSI¥, THH, LAT ,JDAY, NCELL,
2EPATHATY
C -~ - - — - -
. e e e e X ) e e
C T OFFLINT INTERFACE CONSIDERATIONS
b e N OHPALE VUMD LDSAALAUNS o .
C INTTIZLIZE GW(J,I) WITH GAC(J,I) VALUTS
G - , e}  VaLiuos o o -
P (IHH. ®Q. 1) GW(J,I)=GWC(J,T)
o T T TP READ TTWICHE BRCEUSETYEY FEDTATION NOT AVATLABLE
IF{GTC(J,I).1T.2.) GTC(J,T)=TTCE L
TP(IHA.TE.Z) ST (I, TYE6TC (I, . i
T5(J,T)}=T5C (J,7)
’ '"”IFYIOGBTXﬁﬁ?ﬁﬁﬁET*CWTUTIYE@WETJITY”‘““"'"“ - Tr T
I7(L0OGB) GT(J,I)=GTC(J,X
_— —— T .
c J ZENITH AWGLE CALCULATTION
c —— EAB- —

TUS=THINUS+I-1

CIUSEIRINOS IS T TrorntT
HACOS=COSD*COS (ROT+ (FUS~1) *DLON)
COSZESINL (JUSY ¥SINDFCOSL (JUSY*RACTS ~" ~ " - "~~~ ~
7 =ARCNS(CASZ)

4 ek AW b e e R A keb g

OLM02340
OL®)2350
OL¥02360
OLM02379
OLM02380
OLM02390
OL#02400
OLMO2410
OLM02420
OLMO2430
OLM02440

- OLM02450

OLKO24ED
OLMO2470
OLM02480
OLM02490
DLMI2500
OLM02510
OLMO2520
OLM02530
OLM02540
OLM02550
OLM02560
OL#V2570
NLM02580

IHOLMO259D

OLM02600
0LM02613
0LMO2620
O0LM02630
OLMI2640
OLM02650
OLM026460
OLMO2670
o1Lm026890
OLHMO2630
OLM327390
OLMD2713
OLM02720



2¢=4

LRTCAE S

-

STNE=COSD®STN (ROT+[TUS-1) *CLON) /SIN(Z)"
CHOMP=TOFDAY~- (37.-IUS) *24./72.

TFICHOURTLED UL "CHUUR ECHWUE 247

IF(NCELL.TQ.1) WRTITF(6,152) COSZ,SINA,CHCUR

N T " N

OLMO27390
OLM02740
OLM0O275)
OLM02760

T52° FORNAT{TOX, TSOLIR "ZF¥NITH AVGLE,"COSZ =Y ET12.4,5X, VAZINUTH ANGLR (+WOLM02770
',Fb.2)

1,-% OF 8), STNA =

',%12.4,07X,*10CAL CELL HOUR

5T7P

3:

SURFACR

34 SURFACSE CONDITION

SPECTFICATIONS

()ﬂﬂﬂq

OCEAN=TOPCG{J,T) .GT. 1.

ICTE=TOPOG (J,I) -LT.-9.9E5
LAND=,NOT, (ICE.DR.GCTAN)

[T

TF(IHH. FQ. 1)

GO TO t4

53 SYOW=LAND.AND.GW(J,T).GT.1.00

TF(IGVET.EQ.2H)
LAND.AND. (GW(J,T) .GT.1.0.0k.SLBEDO (J,T) . GR.49)

SNOW =

G0 TO

52

IF(SNOW) GW (J,T) =AMAX 1 (10.5,GW (J,L))

GO _TO 52

5S4 SRH=B5.*GH (J,L) +15.
_ TF{ROK(J,I) .EQ.1.) GO _TQ 55
IF(RNK(J,Z).580.2.) GO Tn B&
TF(ROK(J,T).F0.3.) GO TO 42

L

b
SOILLE=100,

WCAS=PORE*30QILLR

GO TC 49

e pr

B e .

b2

FC=.09
PWP=.025
Cl1=1.0
c2=1.0

PORE=.5

SOTLLR=050.,

WCAS=PORE*30ILLE

-

L 1y s

o .

OLMO2780

.DLM02790

OLMO2870
OLMO2810
OLMD2820
OLM02830
OLN02840.
NLMO2850
JLM02840
OLMO2870
OLMN2880
OLM02890
OLM02990
OLM02910
OLM02220
DLMI2930
OLM02940
OLMO295D
OLM02960
0LMO2970
DLMO2S8D
OLNM02990
01LMI3000
OLM03010
OLMO30290
OLM03030
OLM03040
OLM03050
OTLMO3360
DLNO30T70
oLM{O3089
0LM03090
OLMD3100
OLM0O3110


http:TF(OK(J,1).EQ
http:IF(IGVET.Q.24

1At |

L9 GW(J,T) =SEH*(FCXC1-PWDP%C2) /100). +P2WP*Z2 ) OLMI3120

, 788 GW({J,I)=GW (J, T} /2. OLMN3139
IF(OCFAN) GW{J,I) =.5 e OLM03140

. TF(IGVET.FQ.24) GO T0O 21 OL¥0315)
o IF(OCEAN) GO TO 52 . _0OLM03160
c DL¥03179
c .. REF TEK CMP12980 L 0L¥0318D
PT1680 = PT/180. DLM0O3130

.. ___SNOWN=(60.-15.%C0S(.9863% (JDAY-24.668)*PT180))*PT180 . OLMJ32)9
SNOWS=SNORN~-2.%PI /3. OLM03210

o JNP=L46 . 0LMD3220
c IF(LAT(JUS) .GR.SNOWN) GW (J,T) =GH (J, 1) + 8T ( (LAT (JUS)~SNOWN) / (LAT (INPOLMO3230

C *) -SNOWN) *3,E4) OLM03240
T ””'TF(LAT(JUS).L“ SNOWS) GW (J, V=GR (J,T) +IHT ({LET (JUSY -SHOWS) /(LAT (1) DLMO3250
iC _*-SNCWS) *3.74) OLM03260
o GO TO 532 o B TteTmTm e T n o e o OTL.MO3270
21 IF(SLBEDO(J, ) .LE2.39) GO PO 52 0LM03280
TN, T) F2. 00803 F.5 T e mmmmmmmm—————— OLM03290
IF(SLBEDO (J,T) . LT.70.) GW(J,I)=1.0F03 +.5 OLM03300

TTT TIF(SLBEDO(J,I) .LT.50) GW{J,TV=.D0E03%.T% T T 0LM03310
IF(ICE) GW(J,I) = 30.E03+,5 NLMI3320

T T EF(IMSITELSCANDLLAND) GW (H,TY =30.0F03+.5 Tt OLM03330
SNOW = LAND.LANDLGW(J,T).GT.1.01 ) DLMO3340

.7 B2 IFIVALIBYGY GO TC 56 Temen mmmemm o n o mmmemn oo o NLM03350
: SLBEDN (J,I) =18 0L¥03369
; TF(OCEAY) SLBEDO(d, D) =7. o T ’ OLM03370
i SNOW = LAND.AND. {(GW(J,I). bT.1 J.OK.3LBEDO (J,I).GE.H41) 0LM03380
) IF (SNOW.ORJVICE) SLBEDC(J,IY =70, 7~ NLM033390

56 RSUEF=.01*SLBEDO (J,T) OLMO3409)
R 6 A G 00475 O SO0 Do 0y o T V) D 0 B B T I Y - T OLM03410
! SWOTE"=SQRT ({GH (J,I)-.5)/1300.) NLMO3429
B "BSUP“— 5% SYOT RN TtormmrTTm e T OLMO3L30
(SNOTFH LT.1.) RSURF=RSURF+.DT*SLBEDO (J,I)* (1.~ SNOTRY) OLMO34UD

-bbU?r TENINT(BRSUET, .8 T T 0LM23450

66 WET= PMLN?(T.,{AIOD(GW(J T),1.)%2)) OL¥03450

C IF VALBFG IS T MUST HAVE FOLLOWING CARD 11/2/77 OLMO3L7)

: SNOW = LAND.AND. (GE{(J,Z) +GT.1.0.0F.SLERDC (J,T) .6E.50) o OLMO3L80
: LAND=LAND.AND..NOT.SKOW OLMN3490

L MIXWI=GT (J,I).L%.T.1.AND. (LAND.OR.SNOW) DLM03500


http:IF(SNOTFM.LT
http:LAND.AND.GW(J,).GT.1.01
http:J,).LT.70
http:IF(SLBEDO(J,I).LE.39
http:SNOWW),*3.3L
http:IF(IGVET.FQ.24

A4t

O a

R ] o 2 r— mae— o

"FREOST=LAND.AND. (6T (J,I)L7.TiCZ).AND. . NOT.¥IXWT

P R T

SURFACE ZLEVATION

CEAN.AND. (PATS(J,T) .EQ.0.)) 2=0.

TiF (0
TF({.NOT.OC24N) Z=PHIS (J,I)/GRAV

e sy e ————— o w me mmes o o ——

3B SURFACKE TWMPERATURE

Vs am s o remer A

TF(OCELN) TG=TOPOG(J,I
IF(.FOT.OCEAN) TG=GT(J, T
IF (MIXWI) TG=TICE

IF(.NOT.LAND) WET=1.0

[FIT SRR S I A )

e - e

3C SURFACE DRAG COFFFICITNT

THINCET ST -
WMRG=,5%SQRT (FD(J,T) +FD (J,THINC) +FD (J+1,I) +FD (J+1,ININC))
TF(OCEAN) CD=AHINT((1.+.07*WHAG) %.001,.0025)

 IF(.NOT.OCEAN) CD= .202+.906%%/5)00,

F{IGVET.EQ.15) GO To 71_
“IF(GDHVAND.OCEANY €D=CD*.5 ~
IF{GDH.AND, .NOT.OCEAN) D=CD*¥2.J
GG T T2 Tt )
71 CD=.0032%(1.+3.%2/5)00.)
TTEY (OCEAN) CD=.90/ (RLOG{1.J%06,
1 .DO6B7TXHUAGHYAAG) ) ) **2

72 CONTINUE

- Hll"l

4 L b dt 3 AL Ak s i e -

STRP UL:

L

434 PRFSSURIS

 VEET. ARRBAYS FOR SOMZ VARTABLES

et 1 n

e i

_SP=PC(J,I) .
TPC (J,T)=PS-PTFOP=PI=P(J,%y=5F - )

P (J,I) =PTROP+SIG (NLAY) *PT

i

GEOY Y

O I

PS=PTRCP+5LG (TOV % (PS<PTEODPY=F5

B ]

OLHO351)
OLM03520
PLMO3530

_OLMO3540

OLM03550
0LMD3560
OLM03570
0LM)3580
0LM03590
OLNH3600
OLM03610
OLM03620

T OLMO3630

OLMO3640
OLHI3650
NLN036560
OLM03670
OLM03680
OTLM03690
OLMO370D
OLM03710
OLM03720
OLM03730

OLM03740
OLM93759
OLM03760
oLM037790
OL#03780
OLM03720
OLH03300
0L¥03810
OLHN3820
0L¥03830
OLMY3840
OLM03850
DLMO3860
OLHM03870
0LM03880

'DLM03899


http:TF(IGVET.EQ.15
http:L*.NT.OC

¢4

3
!
3
}

c P5=5P+PTROP=PLE (NLAY+1) OLM03900
ST T TP 30 LET,RLAY - N o } 4 K £ M I
n PL(L) =SIG (L) *SP+PTRCP DLM03920
) PLE (L) =SLGE (L) ¥5P+PTROP TOLMD3IT30

30 PLK(L)= PL (L) **KAPA OLM0O3940
PIE{NLAY+ 1) =SP+PYROF DLHT3YE0

C OLMO3960
¢ GB  TEFPTRATORES AND CONVECTIVE ADJUSTUERT T OLMO39T0

C OLM03380

DO 35 L=T1,RLAY TTOTNO3ITI0”

NC=L—-6 QLMO4000
TF{LLETE) TL (LT=TC {0, L, 11 - (IC{J, L 2y =TIC{o, I, Ty ¥ RLAY=2=X7} OLHOTO Y

35 IF(L.GE.7) TL(L)=TC({J,I,¥C) oL uo40 20
ITF(GTH] GO TU §1 UL¥THO30

DO 49 ¥=1,3 OLMOL QYO

DO WU L=EZ,RLEY T TTOLH0UDS0
LM1=L-1 OLMOB060
IF{ILC=T) 7PLR (L= TV cGF. TL (L) /PLR(TY) GU TU 40 TOLROTOTO

THETA=(TL (L11) ¥DSIG (LM1) +TL (L) *DSIG(L)) / (PLK (LM1) *DSIG (Ly1) + OLMO4080
"‘“‘"“"'WIK'(‘LT*D‘S.MJ e8] TTUTOLMOE0S0
TL{L-1) =THETA*PLK {L-1) OLMO04100
‘“—“—‘—TITI)_TWPLK ) — T OLMOT1T0"
80 TH(L-1) =FL(L-1) /PLK(L-1) VLMO4 120

41 TH(NLAY)=TL(NLAY) /PLK (NLAY) OL¥OY130

. _05Lx04140

c 4C MOISTURY VARIABLES OLMOL15)
DO 50 1=1,NLAY QLMOU 160

NC=L—6 OLMOL179
IF(L.LR.6) SHL(L)=SHEC(J, T, 1 -{SHC(J,I,2)—-SHC (I, T, 1) *(NLAY-2-1)) QLMO4180
IF(L.GR.7) SHL(L)=SHEC(J,I,NT) OTLMOU130
IF(SHL(L) .L®.0.) SHI (1}=0. OLMO4200

50 CONTINUE OLMO4210
___IF(GCHM) GO To 175 . 0LHOu229

tC DLMO4230

C STEP 5 OLMO4240

C YERTICAL DIFFUSION OF HEAT AND MOISTURR{AIR-EARTH OLMO4250

c . THTRRACTION _ . OLMOL 260

c OLMO4270
| E5 LEIN=NLAYMI o OLM04 280




97~4

P S,

e v T .
T e A Y e s w8

DO 80 L=LMIN,NLAY

e

OLMO4290

L¥1=L-1 OLMO4 300
DTETA=(TH (LM1) ~TH (L)) * (PLK (L¥1) +PLK (L)) *.5 OLMOH3T0
DZUP=SP*DSIG (LM 1) *RGAS*TL {LM1) / (PL (LM¥1) *GRAYV) OLM0Y4320
DZDN=SP*DSIG (L) *RGAS*TL (1) / (PL (1) *GRAV) OLMOU330
EDLE=.2%ED DLMJ4340
TENP=DTC3% ( (DSIG (LN1) +DSIG (L)) /{(DZUL+DZDN) * (DZUP +DZDX) }) 0LMO4350
FLF=-2.*EDLF*DTETAXTEMNP OLMOU360

TL(LMT) =TL (LU 1) +FLE/DSIG (LM T) DLMOG 370
TL(L)=TL(L)~FLE/DSIG (L) OLMO4380

TH(LM1) =TL(L¥T) /PLK (LM 1) OLN04390

TH(L) =TL (L) /PLK (L) OLMOU Y400

DSH=SHL (LM1) -SHL (L) OLMO#LT0
BLE=-2.,*EDLE*DSH*TEMD OLMOLYU20

SHL {LM1)=SHL (LM1) +ELE/DSIG (LN 1) OLMO4430

8) SHL (L)=SHL{L) ~BLE/DSIG {1} _ L __OLMO#ULO

175 CONTINUE OLMOu4450

c OLMO4LED

C STEP 6: RELATIVE HOUMIDLITY OLHOL4T0

C OLMD44BO
D0 90 L=7,NLMY OLMOB490
TEMP=QSAT {TL (1) ,PL{1)) _OLMD4500

9J RH(L)=SHL (1) /TEYP TOLMOGSTO

C ) _DLMO#520
TPR=1 DLMDE53D
T7(NCELL.®Q. 1.AND.IHH. 0. 1) _OLMO4540

* CALL RITE (iWRS,%i,J,IHH,HOUR,LIPR, OLMOG550

*JCLA ,UCNT,UCNJJA, UCNTII,T2C,J2C, INAX,IHAX,THINGS,JMINUS, MONTH) OLMO4560

C - " DLHOa5T0

c STEP 7: DETERMINATION OF SURFT TEMP OLMOU580

C OLMOBSS0
C A INITIALIZATION OLMO4600

C GLWORETE
_ TLE (NLAYP1) =T5(J,T) . _oLmDu620
; PS=PLE (NLAY+ 1) OLMOUE30
. PSK=PS**KAPA OLBOH640
1 THG = 15 (J,1) /PSK TOTHOH650
L C OLMOU660
= C B RH SCALE ; OLHOBET0



Le~4

RHS=0. : OLMO4680
TTTTTTTTTIF(WETYRA(NLZYY L N%.0) RHS=Z2.¥WET*RH (NLAY) /(WET+KH (NLAY)) OLMGB 690
 C OLMOB700
T C BULK AERCDYNAMIC CORFF. FLHOaT7I0
C OLMOLT720
DIS=TG-TLE (NLAYP T} L MOE T30
IF(DTS.GE.Q0.) DRAW=CD#* (WMAG+SQRT (DTS)) ILMO4T40
. LT.0. ECDFWARAGY (WMAG*WMAG) / ( (WHAG¥WHAGY -7.¥DTS) TTDIHOYTS0
; C OLM04750
, C D SURFACE DIFFUSION COEFF OTHOTTTY
: C ) 0LM04780
ZLNCO = .5*%DSIG(NLAY) *RGAS/GRAV QLMO4790
SP={PLE (10) -PL (9} /(1.-17./18.) “QLMO4800
C DLMO4810
C F ORIGINAL FORMULATION FROM TSANG & KARN ___ OLMO4820
C OLMO4830
HHMAGN=1 e DL HOUBEQ
" IF(DTS.1LT.0.) WMAGN = .2% (HMEG+.01) OLMQU859
EDNS=AMIN1(100.,BD*EXP {.32*DTS/WNAGN*WNAGH)) .. DLMO#BED
: FORIG=EDNS DLMOBBTO
| ZLN = ZLNCO*TLE (NLLYP1) *SP/PS _BLM04880
bC NEW EDNS FORMULATION (1/30/78) OLMO04890
C NCAR W/NO COUNTERGRADIENT 0LM¥I8900
C OLM04910
. _EDNS=10.+100.%(1.-EXP (1200.% {(TH (NLAY) -THG) /ZLN))) _ . OLMO4920
TH({?) GT THG THE rOLLOWLNG EDNS PREDICTION IS BRoLMdB930

LF(TH(?).GT.THG) EDNS=FORIG __ OLM04940

C oLn0L950
EDV=EDNS/ZLN e+ e QLMOBGEQ

C dLMO4 370

~l € WRITE (6,7123) L o OLM043980

C7123 FORMAT (10¥,'EORIGT,6X,"EDNS',B8X,'TH(9) ' ,8X, 'THG") T T T T Gum0a990

¢ WRITE(6,7119) RORIG,ZDN¥S, TH(9) ,THG o e QLMO5000

C7119 FORMAT(5X,8(B12.4)) OL¥05010

c . ..0L105020

¢ OL¥05030
2YE=1. OLMO5049

TF(LAND.AND..NOT.SNOW) GO TO 7030 [ o § 4 /T Y EY
| GO TO 7235 N _ OLMO52690




8¢-€

X - & e v —

7038 CONTINUE

OLH05070

c - - . 01LM05080
| ¢ ¥ RVAPORATION SCALING FACTOR 0LM05090
| ¢ .. .OLM05100

IF(UCHT) EVE=AMINT (1., (AET-PWD*C2)/ (FCXCI-PAB*CI) ) OLEG5110

, TEMP=2. ¥GWC (J,T) ' ) OLM05120
S IF(UCLA) EVE=AMINT1(1.,2.¥IEND)} T OLHO5T30!
| PLANT=AMIN1( 1.,C0SZ/.2588) __OLMB5140
5 ““IF(CO5Z.1.T.0) PLANT=O0. TOL¥O5T50
0LM05160

7235 CONTINTE OLM05170

j GO TO 7236 0LM05180
7237 EVE=1.0 “OLH05190
7236 RVACO=EVE*DRAW OLM05200
WVACO=ANAX T (EVACO, 1.E~-40) DLMOS2T0
SHSATS=QSAT (TLE(NLAYP1) ,PS) OLM05229
SHG=Q5AT (TG, P35) T T oLm05230
TRMP=SHSATS/TLR® (NLALYP1) OLMO5240

T T GARC=ZLNYRAS*IL.BF (Ta- (1. FCLH¥TEMP /KRPA) /(1. +GANFAC*TENE/ DLKO5250
* TPLE(NLRYP1)})) *KAPA/RGAS OLM05260

T T T LR (NLAY P T = (DR AWFTGF EDVE {TH (NLZY) *PSK-GANCY ) 7/ (DR ARFEDY) PLHOS 270
| SHLE (NLAYP1) = (EVACO*SHG+EDV*SHL {NLALY)) / (EVACO+EDV) OLN05280
T T T SHSATSSUSAT (FLE(NLEYPTY ,PS) TOLID5290°
B IF(SHLE (NLAYP1) .LE.SHSATS) GO TO 7121 DL¥05300
T GENS=GENFACY¥SHSETS/TLE (NLEYPT) ¥ %2 T T e T DLMOS310
TEMP= (SHLE(NLAYP1) -SHSATS) / {1+5G AMS) OLM05329

TILE{RLAIP VW =T LB [NLAYPTy ¥ TERPFTLE T U TQLMOB330

SHLE {NLAYP1) = SHLE (NLAYP1) —TEMP OLMO5340

IV 2T RBEUS=EPS /[EGASFTLE (NLAYPI)) T T O TTTTOLA05350°

¢ OLM05360
. T G POTENTIAL EVAPORETIUNTHN/HRY '~ 77 "7 77O rH0S 370
¢ OL#05380
PRV A= R AR SR B0 100 ¥ (USAT (TG, PS5 —SBL A (RLAY T Ty ¥ 3T0L" 77— 77" "OLHISIZ0
IF(PREVAP.LE.O0..AND.EVE.LT..999) 60 TO 7237 OLHKO5400

" T - - T ~ OLKOSL 1D

C H POT EVAP USING LOGS8 INPUT(MM/HR) OLMOS420
- T T T e T OT NS 30
! T=GTC (J,I) OLMO5440
|  Dpecm=erC(J,I) -TSC (J,I) . OLHO5450



T

L TA"

- WETGCM=GHC (J,I) *2. - ___OLMOG5460
BYCH=ANIN1(1.,2.%WETGCHM) OLMO5470
SGCM=QSAT (T, PS) DILMOSU8Q
IF(DGCM.GE.J.) DRCM=CD* (WMAG+SQRT (DGCH)) DLMO5490
IF(DGCM.LT.0.) DRCM=CD*WMAG* (NMAG*WMAG) / { (HMAG*HWMAG) ~7 . *DGCH) 0OLMO5500 _
EVACOG=EVCH%*DRCH o ) OLMO055190

‘ SH10 =(RVACOG*SGCM+EDV*SHL {3))/ (EVACOG+ELYV) _ OLMO5520
DGCMSH=SGCH~-SH10 OLM05530
EGCH=DGCMSH*EVCM*DIC3#*DRCM*RHQS*10. 0LMO5540

C 0LM05550
e STEP 8R: DLMOS560
c SENSIBLFE HBAT{LY/DAY) & EVAPORATION (GR/CM¥**2/5EC) OLM05570

C __OLMO5580
DTS=.5% (DTS+TG-TLE (NLAYP1)) OLMO5590
DSH5=SHG~SHLE (NLAYP1) ____DLM05600
IF(DTS.GE.D.) DRAW=CD¥* (WMAG+SQRT (DTS)) OLMO5610

_ IF{DTS.L1T.0.) DRAW=CD* (WHAG**3) /{HMAG**2~7.%DTS) _OLMO5620
FSURF=COEFS*RHOS*DRAW/SP OLM05630
TL{NLAY)=TL (NLAY) +FSURF*DTS ~ __DLMO5640
TH(NLAY)=TL(NLAY) /PLK (NLAY) OLM05650
SAVSHIL=SHL (NLAY) __OLMDS5660
SHL (NL1Y) =SHL (NLAY) + FSURF*EVE#*DSHS T OLHM05670

C SAVSHL=SAVSHL/SHL (NLLY) __OLMO5680
IF (SHL(NLAY).LT.0.) SHL (NLAY)=0. DLMO5680
C ~ OLM05700
TpR=2 OLM0571)
CALL RITE (IWRS,I,J,IHH,HCUR,IPE, _OLMD5720
*UCLA ,UCNL ,UCNJJA, UCNII,T2C,J2C, IMEX,dJNAX,ININUS,JHINGS, NONTH) " OLMA5730
c . OLMIST40
c STFP 14: GROUFD UPDATE OF MOISTURE AND TEMPOLMO5750
= C o OLMO057690
HTSTO=HET OLMDS770
1405 IF(OCEAN) GO TO 1490 . 0LM05780
IF(SNOW) GO TO 1410 ) OLH057%0
TF{ICE) GO TO 1420 .. _0LmM05809
IF(FROST) GO TO 1430 OLMQ5810

j IF(MIXHI) GO TO 1440 . oLM05820

EVAL=600. OLM05830
IF(UCLA) CZH=({.386+.15%WET) *(1.+UET) %2, E~3*SDAY /THOPT} *%¥.5 OLMOS840


http:IF(DGCM.LT

oc-q4

[ P,

QLM05850

i G0 To 1450

' 1410 EVAL=680. _OLM05860
C7ZH=2.3 OLMO5870

GO TO 1450 __OLM05880

1520 EVAL=680. OLM058970
CZ8=5.1 _ 0Lm05900

GO TO 1450 . TOLM05970

1430 BVAL=680. OLM05920
CZH=SQRT [( 33T+, 075¥ART) ¥ (2.+2. ¥ WET) *1 . E-3%SDAY/THOPZ) GTHO593T

GO TO 1450 , NLM05940

1480 EVAL=680. OLM05950

C OLM05960

C B WI CALCULATION OLHO58 70

C ' OLM0O5980
Wi=GT (J,1) OLHD5g9Y

1445 CZH=SQRT{ (. 276+ (.11 +. 15*NET}*{WET~ B#HI)) * (1. +WET-HI+1.25%§I)*  OLMO6000

* 2 E-3%SDLY/TWNPTI) B T 7T T QLE06010

1450 TEM=0. NLMO6020
WET=WTISTO - T T DLM06030

WI=GT{(J,I) OLMO60480

T BLHOBOET

C B GROUND TEMPRRATURE UPDATE OLMO6060
TC T TOLM0O6070

IF(ICE.AND.Z.LT..1) TEM=CTID/HICE OLM06080

TGS Q=TG*TG T e 0L 05090

DRAD=L,. *STBO*TGSQ*TG OLMO6109

DSQG=5418.%SHG/TGSQ DLM06110

TEMP=10.*DRAWXRHOS*SDAY . OLM06 120

C DLM06130

c . _...QLEOG 149

C TERN1T = SG*NHOGAN OLMO6150

TERNZ2 = -CP*TEMP*DTS _QLN06160

TERM3 = ~BVAL¥EVE*TEMP*DSHS OLM06170

~ . TERM4= TFM* (TICE-TG) e e . DLMO6180

C OLMO6 150

c EMIS=.3 . ..0LH06200

o C RE (NLRYP1) = (1. 17E-T*TG**4) *RMIS OLM06210
P_C TERMS5 = -~RI(NLAYP1) *NHOGAN o . 0LMJI6220
\ DENOM = SDAY*CZH/DTC3 + DREAD + TEHN_ + TEMP*FDV*{CP/D?AW+EDV) + 0LM0B230 .



http:IF(ICE.AND.Z.LT
http:CZH=SQRT((.276+(.11

)

-4

- [T “

’ *BEVAL*EVE*DSQG/ (EVECO+EDV) L . ___  0LMO&240
N SHS {(J,T)=5H5C (J,I)*NHOGAN OLM06250
_C.. SHS({J,T) = SG-RZ (NLAYP1) . 0LHMD6260
; RADTRM=SHS (J,1) OL¥I6270
= GT{J,I) =TG+ (EADTRM+TREM2+TERM3+TREMY) /DENOHY OLM06280
; 1490 CONTINUE " OLMD6290
i 1475 CONTINUE . -0LM0B300
TE DLHO6310
, TPR=4 . oLm06320
C OLM06330
‘ CALL RITF(IWRS,I,J,IHH,HOUR,IPR, _OLKB06340
! *0CLA ,0CNL ,0CNJJA,UCNLL,%2C,d2C, iFAX,JEAK, SHINUS,JHINGS, MONTH) OLM05350
c ) DLMO6360

C ¢ ACTUAL EVAPORATION (CM/HH) B "OLM06370

< . . QLM06380
T FR6DT=DSES*EVA*DTC 3*DRAWXRHOS%*10.0 OLM06350
c . OLMO6L00

C D GROUND MOISTURE UPDATE OLMO64 10

o i OL¥06420
- WETR=WRT o TTOLM06430
SNR=0. OLMOBUS0

WIR=0. ) BINI6UED

TGR=TG _OLMO6460

1851 REIN=0. OLMOEGT0
SNFAL=0. OLMOBLED

T FRERZ=D. - T - o NLMOAHSD
OVER=0. OLM06500

T SHELT=0. - o e oTTm e DIMD6510
FLDRK=0. OLM06520

T DENG=0. - - T TTELM0BE3Y
; RUNOVV=0. OLMO6540
A BTADRES0
C OLM06560
""""" TF{OCEAT)Y GO TO 1880 - T DLMOBST7D
TGR=GT(J, I) ) OLMOES80

T T OTA TP FLUXC (T, 1,73 T m—— e e OLM0O6520
C THEN RAIN INPUT WOULD BE INW CM/SAMPLE TIME DLMOB600

o RSSUMES FLC(d, Y, 3y, PEECIP IV MY/SANPLE TINE T DIMDEETO
IF{TOTALP.LT..0) TOTLLP=0. 0LH06620

[ -
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IF(TLF(NLAYPU GT TICE) RAIN-—TOTALP *100. OLM066LD
ISR ="IFILIGWI{J, 1] ) gTMOGE5H 7 v
SNR=FLOAT (ISNR) /1000.0 OLMOE660
TF{SFR.LT.. 00Ty SNE=U. OLROEET0 ~ T T
SNRT=3SNR+SNFAL g 9., OLMO6680
SNR=SNET=EG DT 5 OLWOe®90 -~ T T T
IF(SNR1.LE.0.) GO TO 1850 gE_ 0LM06700
TF{SWR-LE.U.) GU IT 1850 gE TOLHUBTI0 T
- IF(TGR.LE.TICE) GO TO 1820 g OLMO6720
) SWELT=CZH¥ (IGR=TICE] /80- eV TOLROBETIDT T T T
% SMELT=AMINIT (SMELT,SNR) ‘E g’i OLNOBTH0 .
TGE=TGR=8U. *SHELT/TZH 3"__ - TTOLWOeT750T T T T T T
S¥R=SNR~-SMELT a7 OLM06760
I¥(ICE) GO TO 1870 OLM0O6TTD
QL3780
E SOIL MOISTURE AND FREEZING OLM06730
OIMO680O0 - -
1 5NOW COVERED LAND OLMO6810
OLM06820 L
1800 CONTINUGE oLu05830 -
HETR=WUET+ {(RATN+SMELT) /WCLES OLMOG8B4D I
RUNOFF=AMRAX1(0.0,WETR~-1.) OLM06850
HETR=WETR-RUNOFF QLMO686O
GC Tn 1880 OLM06870
OLMO68RO
2 SNOW FREER, LAND OLM06890
- oLM06900
1850 SNR=0. OLMO06910
IP(ICE)GO TO 1879 onmoesg20
- RAIN=FLUXC(J,I,3) *100. oLM06930
1892 E6DT= DSHS*EVE*DTC3*DRAW*RHOS*‘IO 0 OLMO6940 o
WETR=WET DLM0%950
IF{RAIN.GT.0.) OVER=RAIN*{.1+.9%WET**1.5) . OLM06960 o
MOISTURE CONTINUITY R=QUATTON DLM06ST70
IF(UCLAVH) WETR=WET + (BAIN-E6DT ~ QVRK) /WCAS OLMO6980 e
IF(WETR.GT.1.) WETR=1, oLM069%0
IF{WETR.LT.0.) HETR=0. OL¥07000 3
ADDW= (RAIN—ESDT-OVER)/WCAS B
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T)TGR=TGR+80?%§th/CZH ___ownmo7020
TF(.NOT.MIXWI) WI=0. OLM07030
IF (FEOST) WI=WETR . OLMOTOL0
IF(.NOT.(MIXWI.OR. (FROST.AND.TGR.GT.TICR).0R. (TG.GT.TLCE.AND. OLMO7050

TGR.LT.TICE))) GO TO 1880 oLMO7060 o
FREEZ=CZH* (TICE-TGR) /80./NCLS OLM07070
WIR=WI+FRERZ _oLwmp7080
IF(WIR.GT.WETK) WIR=WRTR oLM07090
IF{WIR.LT.0.) WIR=0. OLM07100
FREEZ=WIR-WZ o0 DLNOT 110
TGR=TGR+80.*FREEZ*WCAS/CZH - 0LM07120 .
GO TO 1880 33 OLM07130
o m oLMo7140
3 ICE T 0LM077150
Q3 QLMO7160
TGR=AMINT(TGR, TICF) > i OLMO7 170
WETR=1. em oLMO7180
IF (I1GVET.GE. 10) GT(J,I} = TGR < & SN OYAED]
IF{WIR.GT..0.AND.¥IR.LT.HETR) GT(J,I) = WIR 0LM07200 o
SKR = ANIN]{SNR,30.0) DLMO7270° T 7 77
ISNR = IFIX(AMAX1(0.,SNR)*1000.) OLN07220
IF(-.NOT.LAND) GO TO 300 0L¥07230
= IPR=5 OLMO7240 N
R C OLR07250
T CALL RITE(XWRS,I,J,IHH,HOUR,IPR, _OLMD7260
M *JCLR,0CNI,0CNJJ2,UCNIL,T2C,32C, INAX,JHAX,ININOS,J NI NUS, MONTH) OLRG7270 7
C 0LM0O7280
SOMAV=SUNAV+1 . , T eIEgTZes 0 0 T T
AVGTC=AVYGTC+GTC (J,I) ‘ OLM0O7 300 }
AVIGC=AVISCHTSC (J,1) oLwgy3To - T T T
AVGHC=AVGHC+GHC (J,T) OLM07320
oo EVGT = AVGT+GT (J, 1) OLMO73307 "~ T
SR AVTS=AVES+TLE (10) OLM07340
EVGW=AVGW+GH (J, 1) o T TR LE0738G T
PLOT ©DATA OLM07360
GOOD FOR SINGLF CRELL ANELYIS ONLY THLEOTITOT R
IH2=TIHH OLM07380
2553 CONTINUE TeLROTI9 - T 7 T
PLTGTC(TH OLMO7400
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ST TTS (THY) =18 (0. T) . ST N TR
PLTGT (IH2) =16 OLMO7420

577 FORMAT(6X, TI1H® STRP',1X, T6CY ,6X, 26", 7%, 951, 3K, 7T (R+1) 7, 3%, DLHOTES) "

PLTGWC (IH2) =SHLE (NLAYP1) OLMO7430
PLTGHW (TH2) =SHL (9) oLMo74%0
PLTSHL (IH2) =EORIG OLMO7450
PLSHE (TH2) =EDNS . oLMO7260
PLTI9TG (IH2)=TH (3) /THG ) OLMOT7L70
PLTX {(TH2) =TH2 ‘ oLMO7480
IF(UCLA) PREVAP=(E6DT/RVE) *20. . OLNO7499
PLTER (IH2) =PREVAP/20. . OLMO7500 o
PLTAE (IH2) =E6DT ‘ T OLM07510
PLTEVE (TH2) =RVE QL¥07520
PLEGCH (TH2) =EGCHM OLMO7530
PLIRGS{IH2) =TLE (10). ' QL®O7589
PAREGO (IH2) =PLEGCM (IH2) /PLTAE (1H2) S OLM07550
IF(IH2.GT.95.AND.TH2.LT.101) TH2=IH2+1 oL®07560
IF{IH2.GT.95.,AND.IH2.LT.101) GO TO 2553 . i OLM07570
300 CONTINUE - OLMO7580 -
200 CONTINDE "OLM0T5S0
TEMP=SUMAYV , . oLM07600
AVGHC=AVGWC/TEMP ) , DLMO7610
AVTSC=AVTSC/TEMP - . OLM07620 o
AVGTC=AVGTC/TENP . . . DLM0O7630
AVGW=AVGW/TEMP OLMOT7640 L
AVIS=AVTIS/TENP OLMO07650
AVGT=AVGT /TENP ) : OLM07660 L
OLMOT670
WRITF(6,2571) DLM07680

*'SHLE(10) *,4X, 'SHL(9) *, ) oLmo7r700
*0X, 'EORIG® ,3X,'EDNS!, 6X,'PE',8X,'AE',7X,"EVE' ,6X, ' AE-GCH', OLM0O7710
*2X,'EG/EO") © OLM07720 T
DO 2574 I1I=1,WHH OLM0O7730

WRITE (6,2572) T,PLTGIC (I),PLTGT (I),PLITS(I),PLIRGS(I),PLEGHC (I), OLHO7740
*PLTGW(T) , PLTSHL (1) ,PLSHA () ,PLTPE (1) ,PLTAE (L) ,PLTEVE (1) ,PLEGCH (T) OLMOT750
*, PAEGO ( I) OLM07760

2570 CONTINGE R
2572 FORMAT(8X,I3,2X,4(F7.2,2X),2(F9.7,2X),2 (F5.1,2%),4(F8.5,2%) ,F5.2) OLMO7T80

H=IH2-1
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RNHH=NHH/1. OL¥G7800
TVHOTE(AVGT+AVGTIC+AVTS) /3. =254 TTm o mmmmmmmmm—m—————mm OL¥07810
VBOT=265. OLM07820

) VIOP=VBOT+50. - - 7T BLno78390
WETTE (6,2564) AVGT,AVTS,AVGW AVGTC,AVTSC,AVGHC OLM0O7840

TS FORNAT (/. 13X, FAV GR TrAP = V,B510.0, 70X, VAV SURFACH TEHP =T, ®I0.5,0L407850
115X, "2V GR WETNESS = ',E10.4 /,BX 'ASS&MILATTON GR TEMP = 1,E10.4,0LM07860

[T T WY, VASSTHITETION SURFACE TENP = ,:Tﬁ“ﬁ,sw.'§§§?ETZKTTbﬁ“GR WFTNESOLNO787O
35 = ' ,E10.4) NLN07880

T R T T NL¥D7890
CALL GRDPLT (¥HH,O.,RNHH,VBOT,VTOP,PLTX,PLTGTC,PERIND,1,J) OLM0O7900
T AL GRDPLT(WHE, UL, RNHR,VBOT, VICP, PLYX, PLIGT,STAR 0, 1) T TR LMOT79T0
WRITE (5,2580) OLMD7920

T 258 FORNAT (20X, YPRERIOr = INPUT GTY,5X,YSTER ="CAL GT', ///7//\ TTTTTQLImM07930
CALL GEDPLT(¥HH,0.,RNHH,VROT,VIQP ,FLTX,PLTTS,POUND,1,0) OLHO7940

T T CELL GEDPLYT({¥HA,U.,ENHH,VBOT,VIOP ,PLTX,PLIRGS, FLUS“H‘WY""“" TOLMO7950
WEITE (6,2595) OLMOT7960

“2EYS FORNEAT (20X, YPOURD = T RPUT TS5V, 5%, VPLUS = TALCULETED IS Yy ™~ """ =" “"gLN07970
CALL GRDPLT(NHH,J.,RNHH,.200,250.,PLTX,PLTSHL,STAR,1,0) 0LM07980

- CALL GRUFLT{NHEA, UL, ENVHH,.Y00, 1. T0,PLTX, PLTYTG, POUND, U, T T T OLM0T9307
CALL GRDPLT(NHH,O.,RNHH,.000,2SO.,PLTX,PLSHE,PLUS,O,?) 0LM08000

WFRITE (6 ,2585] ©OLMD8010

2585 FORMAT{18X,'PLUS = T & K EDNST, 5¥,7S5TARS = NCAR BDNS WHEN QLMOBO20
*TH{9) /JTHG LS Loos THAN 1.7, URSTEBLE CESEY,//7/7) " DLWOBTV3I0™

CALL GRDPLT(WNHH,D.,R¥HH,-.05,0.20,PLTIX,PLEGCH,PERIOD,1,0) OLM0B04D

TOT I UTTTCRTL uHJPLL(NHH“UTTFNHH"“"USTU‘ZU‘?ETX—FLTPETPLUS"U;D)'“ - OLMOBOSG
CALL GRDPLT(NHH,0.,RNHH,-.05,0.20,PLTX,PLTAR,STAR,D,T) OLM0OBO60
WOITE(6,2590) ““"””"_'“““"'OLMUBO7O

2589 FOPMAT(2OX, '*STARS = ACTURL EVAP OLNO8B0BO
*(CM/HH) ',5%,'PLUS = POTENTIAL F¥VLP(CM/HH)',/,20X,"PERIOD = ACTUROLMOBO90

*1, BVAPORATION FROM INPUT TAPE{(CM/HH) *,/// 77} _ HhLMOA100

C*LL GRDPLT (NHH,0.,FNHH,.200,1.00,PLTX,PLTEVE,PQUND, 1, 0) OLMO8110

CALL GRDPLT (NHH,0.,RNHH,0.,2.5,PLTX, PPEGO PERICD, O, 1) __0o1Lm08120
WRITE{6,2609) NLMOB130

2609 FORMAT (29X, 'POUND = ®VAP SCALING FACTOR',SX,'"PERIOD = LZGCM/AEOLM'OLMOBILO.

*, /7777 DLM08150

CALIL GRDPLT{KHH,O. BNHH,0.,.05,PLTX,PLTGUWC,STAR,1,D) DLM08160

CAlLl GRDPLT(NHH,O0.,RWHH,O0.,.05,PLTX,PLTGW,PLUS,Q, 1) OLMOB8170
WRITE (6,2605) QLM08180




T9e-g

2605 FORMAT (29X,'STAR = SHL®(10) :TK',5X,'PLUS = SHL(%)',///) DLMO8129
STOP L OLM08200
TND OLM0B8210
SUBROUTINE SDET(PI,DPI,COSD,SI®D,E0T,D0LON,ASSTM,THH,LAT,IDAY, OL#08220
1NCELL,TOFDAY) DLMOB230
) DIMENSION LAT (46) ,DAYSPM {12) ,JMONTH {12) ,AMONTH {2,12) OLMO8240
COMMON PHIS (08,14) ,FD (08, 14) ,TOPOG (08,1%4) ,SINL (46) ,COSL (46) OLM0OBZ50
COMMON _OLMO8260
$ PC (8,1%) ,TSC(8,14) ,SHSC(8,14) ,GTC (8, 14) ,GHC (8, 18), OLM08270
$ uc(8,14,3) ,vc(8,14,3) ,TC(8,14,3) ,SHC {8,14,3) ,PLK(10) ,0LM08280
3 SGC (8,14, Ub(OB 1u3,vs<oa 14) 0LM0B290
COMMON OLM08300
¥ PLE(10), TLE(10), BR (10} ,LH(10) ,DSIG(10) ,5HL (10) 4 OLMGB310
* SHLE(10) ,RE(10) ,SH(8,14,3) ,PL(10), 0LM0B 320
% GT (08,14) ,5H5 (08,14} ,TL (10) , OLHO8330
* SLBEDO (08,14) , TS(08,14), GW(08,14) ,ROK(08,14), _OLMOB340
¥ TIWR (10) ,S76G% (10) ,SIG (10) 0LM08350
COMMON . . DLM0B350
* 345,DTS,CD,EDV ,2LN,DEAW, PREVEP,PLANT (AVE, B6DT, oLM08370
*RHOS ,CZH, DTRBET, TREN1, TnRMZ mxpm3 TEENY TERMS, DENOM,RADIRM,  OLMOB8380
% SN¥AL, PATN OVER,WETR, WET,TAU,WMAG,ELE T oL#08390
LOGICAL OCEAN,SNOW,ICF,LAHD,MIXHI,FROST ... 0LM0BH40D
LOGICAL GISSJK,UCIA,UCWI,UCNII,UCNJJA,ASSTH, TINPT TTOL¥O0RLI0
< _..oLnosu20
ITNTEGER AMONTH,DAVSPH,DAYSPY T T DLMO8A3D
e DATA AMONTH/'JANUZRY FEBRUARYMEIRCH _ APRIL 41V JUNE  JULY  OLMOB&4D
C ¥  AUGUST SEPTEMBEROCTOBER KOVEMBERDECEMBER'/ OLMO8ESQ
c JIA PUT COOMENTS ON AMONTH 10/22/77 __oLmoguso
DATA aMONTH/ 1,2,3,%,5,6,7,8,9,10,31,12, 1,2,3,4,5,%,%7,8,79,40, 0Lmods70
_ 11,12/ . __ OoLMOB4BO
DATA DpAYSPM/31,28,31,30,31,30,31,31,30,31,30,31/ OLMOBLI0
DATA IDAYN/302/,DRAYSPY/365/,LASTM/Q/ o . OLMOBS500
INTEGRR*2 SLBEDO SL¥08510
. _REAL*4 1AT _ OLMORG20
C 0 T - T BLE0E530
INTPX {XTRU) =INT(XTAU*XINT+.5) OLM0B540
XINT=600. T T T TTOLH0BEED
_c OLM08560
T '" THLM085T0
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Jsp=1

- _ . ... .OLM08580
i J5B=1 B 0LM08590
% INP=U46 OLM08600
JNB=486 . - B TOLM08RTG
IF({IHH.GT.T1) GO TO 211 OLMO8620

C TTTTTOLMO8630

: PITQ=.5% {ISP+IND) OLM0O8EU0
i DLET=1R0/ (JNE-J5P) T T TTTTOLMO8ESO
; DLAT=DLAT*PI/180. QLMOB660
| 0o 200 J=J58,JWB T T oLm0B670
‘ 200 LAT (J)=DLAT*(J-FJIEQ) OLMOB6RO
; LEIT{J5P) =—. 5 %DPT DLWOHEESY
s LAT (JNP) =~LAT (JSP) oLM08700
50 2710 J=J5B,JNB TUTTTTTT gLM08710

; TEMP=LAT {J) 0LM08720
f STNL (J) =SIN (TEND) TTTTUTTT O TDLMOBTA0
: COSL (J) =COS (TEMP) DLMD8740
c WRTTE (6,30) J,LAT{J),STNL (J),CRSL (J) 0LNM08759

C 30 FORMAT(2X,'FOR J =',X8,5Y,'LAT(J) = ',E12.4,5X, _ 0LY¥08760

C 1 'SINL(J) = !',F12.4,5X,'COSL(J) = ',E12.4) OLMO8770
210 CONTINUE . DLMDOBT80

c 0LNB08790

¢ e e QL1 08800
211 nT=300. - CLM08810

. IF(ASSIM) DT=60.%60,.%3. L __ _DLM08820
DTHR=DT/3600. OL®088R30
IDTHE=INTFX (DTHR) ) _. _bLnossun
T22U=INTFX (24.) OLMOBBS50

. NSTEP=,5+TAU/DTHR e ~ DLMO0B8A0
ITAU=NSTEP*TDTHR OLMOB870

L TAU=FLOAT[TTAU) /XINT . 0LM08B8O
IDAY=ITAU/124 OLM08899

o TOFDAY=FLOAT (ITAU~IDAY#*TI24) /XINT L _ QLM08200
ROT=2*%PI*TOFDAY /24, 0L®08910

- IM=72 5 e 0L.M08920
, DILON =2.%PT/I¥ OLMOBS30
i_oC L o . o ] OLMO89LY
WRITE{5,212) DTHR,:IDIHR,NSTEP,ITA(U,?AU,IDAY,TOFDAY,R07,DLON,THH  OLMOB950

212 FORMAT( /,10X,'DTHR = ',E12.4,5%,'IDTHR = ',16,5%, ' NSTRP = «, DLMNBTED




4
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] 175, 8%, VITig £V, 176,5%,TAU = !,F12.3,5%, 'IDAY = ',T6,/ OLMOBYTO
b 210X, 'IOFDRAY (2 HRS) = ',E12.4,5X,'ROT = ', ,F12.4,5¢,'DLON = ' ®12.4,0L408980
3 32X,'ST®P = ',15) : OLMOBY90
c ) 0LM09000
C - ToLM09010
; S0LS=17 3. L ______0LMO9020
T APHBL=T83. 0T.M09030
DECMAX=PI*(23.5/180) .. _0LM090L0
ECCN=.0178 0LM09050
c . OLM09060
¢ CALCULATE CALENDLF OLM09070
C 0LM02080
JYFAR=1+ (.OAY+IDLAY0-1) /DAYSPY T T B1MD9 090
JDAY=IDAY+IDAYD-DAYSPY* (JYEAP~1) } ___OLM09100
J=0 N TTOLM09 110
DG 10 MONTH=1,12 0LM0S120
T T =3+ DEYSP N (HONTH)Y - ““‘ “” - T o DLM09130
IF(JDAY.LE.J) GO TO 20 OLMO2140
TG CORTINGE - T/ OLM09'150
2) JDATR=JDAY~- (J-DAYSPHM {MONTH)}) OLM09160
JMONTH (1) SAMONTH (T, BONTH) - " B1R09170
JMONTH ( 2) =AMONTH (2, MONTH) OLM0%180
T - oo T - OLMO9190
WRITE(6,213) JDAY,JDATE OLM09200
23T FORMET (10X, YIDAY = L6, 5K, YINRTE =0, TRy T T - OLMAg210
C : QL¥09220
T T LT U Y TSR BT PO TN TION T T e e e L M09 230
C OLMO9240
Tt T TURFUEYEIDEY T T T T OLM09250
SFASON= (FDAY-S0LS) /DAYSPY OLKD9260
T DYIST={FUEY-APHELY /DAYSPY TOTTT TTTTT I o T T CQLNG9270
i DEC=DETHMAX*COS (2. ¥PT*SEASON) OLMOG 280
! RSTIST= (T FECCRRCUS (2 FPI¥DIST) VT F¥ 2 "" T mm————TT T OLR09 290
' SIND=SIN {D3C) OLHM09300
T T TUOSDECOS(DECT) T T s o TOLM09310
IF(IHH.EQ.1) HWRITE(6,25) SIND,COSD OLM09320
' ZS FORWMET (/,5%, " SIND = ¥V, EBETZ.04,5%,'C0O8D = T, ETZ00y -~ 77777 77 T gLM0933D
C OLM0O9340
T . REED IN TOPUG{J, I ENDCELCOLEATE “PHISTI,IY ™ """ OLN09350 |
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SFF'TSAVG AND KARN CODE LISTING DA”E B 23

OLM02360

C
Ml o — TINFES MAIZ7T00 IO MRIZ7Z90 = =" e “OLM09370
. C PID NOT IWPUT INTO MODEL AT THIS TIME 10/29/77 OLM093R0
It T T T UTTTTOLM0G9 330
. C OLMO2400
RETURN OLM09410
! B¥D OLMOSH20
’ SUBROUTINE SURFWD(NLAY,NLAYM1,JMP,INC,IM,J1P,J¥PP1,TINPT,ASSIN) OLMO9 430
DIMENSION ZM (08,14) A OLMO9440
COMMON PHIS (08,14),FD (08, 14) ,TOP0OG (08, 14) ,SINL (46) ,COSL (46} OLMO9450
COMMON OLMO9460
$ PC{8,14) ,T5C(8,14) ,SHSC (8, 14) ,GTC (8, 14) ,GHC (B, 14}, OLM03470
$ uc(8,14,3) ,vCc(8,14,3) ,TC(8,14,3) ,SHC (8,14,3) ,PLK(10) ,OLKO2L80D
$ SGC(8,14) ,05 (08,14),VS {08, 11) OLMOQUTY
COMNHON . .. DLM09500
* PLE (10), TLZ(10), RH(10),TH{10),DSIG (10),SHL (10), OLM0S9510
_ * SHLF (10) ,RE (10} ,SH(8,14,3) LPL{10), OLM09520
% GT(08,14) ,SH5(08,14) ,TL {10}, 0LM09530
o % SLBEDO(08,14), TS{08,18), GW (08,14) ,ROK(O8,14), _OLNM09540
* IWER (10) ,SIGE(10) ,SIG{10) T OLIM09550
COMMON _.OLN09560
* RHS, DTS,CD,EDV,ZLN ,DRAW,PREVAP,PLANT ,EVE, E6DT, OLMO9ETD
*RHOS ,CZH, DTRBET,TRRM1,TRRM2, TRRM3, TRRNY ,TERM5, DENOM,RADTRHN, OLND9580
* SNFAL,BAIN,OVER,WETR, WET,TAU,WMAG,ELE OLM09590
L LOGICAL DCEAN,SNOW,ICR,LAND,MIXWI,FROST L OLM09600
LOGICAL G7SSJK,UCLY,UCNZ,UCKII,UCNJJA,ASSIHM,TINDT OLN09610
o _INTEGER*2 SLBEDO o DLM09620
C OLM09630
C SURFACE WIND MAGNITUDE OLHOI6UD
¢ ) Yo% i [ X :14)
. C CMS: 2 SOUB WIND _ OLMO09660
C OLM09670
c_ WOTE FD(J,I) MUST BE CALCULATED AT ALL CELLS FOR OLU09680
C WMAG CALCULATION OLM0%690
ITMIN=INC o DOLK09700
THMAX=THM OLM09710
JNT N=J1P-1 . OLM09720
J¥AX=JMPPT " oLM09730
C

OLHO9740



COTF1=(1.-SIG(NLAYHT)) /(SiG (NLAY) -STE(NLEZYM Ty~ — =~ 7 © OLM09750

Oy~g

]

COPF2=(SIG (NLAY) ~1) /(SZG(NLAY) ~SIG (NLAYNT)) ) 0LM09760

DO 10 I=IMIN,TMAX ' . OLM09770

DG 10 JI=JNTN,JIMAX .. 01LmM09780

” IF(TINPT) GO TO 10 0LM0d730
US{J,I) =CORF1%UC (J,T,3) +COEF2*UC (J,I,2) _0L¥09800

V5{J,X) =COEF1*VC(J, I, 3) +COEF2*VC (J, L, 2) OLMU%Ei0

10 FD(J,I)=US{J,T) **2 +VS{J,T) ¥*2 .. DLMD9820
RUTURN ' OL¥09830

END DLMOS840
SUBROUTINF RITE (1W85,1,J,IHH,H00%,IPR, - T ToIMO9850

*UCLA ,UCNTI,UCNJJI2, UCNIT,T2C,J2C, IMAX, JMAX,IMINUS,JHINUS, HONTH) _OLMN09860
DINENSION OLNM03870

* ZM (08, 14) ,CELL {08, 14) OLM09880
CONNON PHIS (08,78) ,FD (08, 14) ,TOP0G (08,18) ,SINL(BB),COSL(H8Y "GLH0TR9G

comMoNn OLM09900

3 PC(8,14) ,T5C(8,18) ,SHSC (8,14} ,GTC (8, 14) ,GWC (8, 14Yy, ~OL¥0ITYD

3 ucs,14,3) ,vc(8,14,3) ,TC(8,14,3) ,SHC (8,14,3) ,PLK(10) ,0LN09920

B 5 SGC (8, 1u) Us (08, 1u),VS(08 T4 niMoge3d
COMMON OLMD994 0

® PLE (10}, TLE{10), A (10) ,TH(T0Y,DSTG (1O, SHL (TTY, OILMOGORY

* SHLE(10) ,RE(10) ,SH(8,14,3) ,PL{10), OLM09960

- ® GT (J8,T%) ,SHS (08, T4y, TL (T0Y, T TUTTTTITTTT DLMU9eT7O”
* SLBEDO (08,14), T5(08,14), GW(08,14) ,ROK(08,14), OLM0S980
TTTTTTR TR (10Y ,SIGE (07,536 (70) T T T T T DLM0s899Q
COMMON OLM10000

3 RHS,DTS5,CD,EDV, 4L, D AW, PREVED, PLANT , EVE, ERDT, " " DLHI001D
*RHOS,CZH, DPTRBFT,TERN1,TERM2,TERN3, TERKY, TERM5, DENOM,RADTRM, OLM10020

% SNFAL, RAIN DV“R WETR,Wsl,TAU,WHAG,ELE T T oLa10030
LOGICAL OCEAN,SNOW,ICE,LAND,MIXWI,FROST OLM 10040
LOGICAL UCLA,UCNI,UCNII,UCNJJA,ASSIM,TINPT T T oL M16050
LOGICAL PRIN,PRISKV,PRSURV,PRGRT,PRMCEV OLM10060
INIEGER PARM10,PARM11,PARE12,PARM13,PARM5S0,PARM51,PARNS2, PARMSI OLH10070

P INTEGER*2 SLBEDD e 0ILM10080
C OLM10090
c CMS: ¥ SUB PRINT . 0Lm10190.
c OLM10110
o LOGICARL PRINT CONTROL VARIABLES OLM10120 .
¢ OLM10130.
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PRIN=.TRUE. . e OLM10 140
PRISHMV=.TRUZ. OLM10150
PRSURV=.TFUE. A QLM10160
PRGRT=. TRUE. OLM10170

L PRMCEV=.TROE. . OLM10180
¢ 2L410190
c — . 0LM10200
C _PRINT CONTROL VARIABLES OLM10210
c ' e ... 0LM10220
T T TPRRN10=1I2C OLH10230
PARM11=J2C _OLM10240
PARMI12=1HH OLM14250

. PARM13=1 . 0LM10260
PARMG =T OLM10270

L PARM51=J OLM10280
PARM52=IHH OLM10290
PARMS53=IPE 0OLM10300

¢ oLmM10316
c INITTALIZED VARIABLES OLM10320
c 0LM10330

. IF{IPR.NE.71.0F. . NOT.PRIN) GO TO 305 _DLM10340
c . I oLMi1H 350
C . INDEX FOR CELL ) OLM10360
TI1=JNINUS-T. . "OLM10370

DO 1217 J=1,JMAX N OLM10380
TI=T14+1 OLM1D390
rz-(Iﬂznps-1)/1oo. OLM10400

- DO 12T T=1,THiX T TBLMI0L70
T2=T2+.01 . OLM10L20
CELL (I, L) =T1+12 o TR w9430

1217 CONTINUE- OLMTO440

¢ TR RATAS)
WRITE (6,238) QLM10460
TUT23TTFOPMET (/7,05 ,VGISS TINDEY FOR CELIC(T.I1TYY T OLNTO67D
WRITE(6,90) (I,I=1,TMAX) OL¥10480

~ J=JHAX+ T T TUATM10690
DO 1216 JJ=1,JIHRY OLM10500

T J=T-1 T TOLM105107
WRITE (6,233) J, (CELL({J,I),I=1,IMAX) 0LM10520
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VT 2T CORNTINGF T e - - - © TTTUELM10530
C QLMT0540

” WRITE(S,20T) i T T OOLM1U550
201 FORMAT(5X,//,38%X,'SURFACE ALBEDO FCR JULY, DSWAME = I527ALBD') OLMT0560

f WEITE(5,971) (L,I=7,T7EX) - - "DLMTISTO
J=JMAX+ 1 DLA10580

DO 1203 JJ=71T,09EX TR TOLM05T0

J=J-1 OLM10600

WEITE(D ,203)  Je (SLBEDUT, LY ;1= T, L HEX) T T TOLM 10610

1203 CONTINOE OLMI0620
Z03 FORMET{ OB{ZX, I3, 10 (8¢, TZ,2Xy V1) - TTTOLETEE30

C OLM10640

: WHITE(5,207) - T T UOLWIDESO
. 207 FORMAT( //,40X,'SURFACE ELEVATION(GEOPOTENTIAL RET) %) OLM10660
' WRITTE(6 ,91) (L, I=1,.I97Y) " T T ETOLN 0670
J=JMAX+1 OLM10680

- TTTDOTT20Y IO T, JMEX - - "B T "DIM10690
: J=3-1 WS OLM10700
; WEITE(6,218)  J, (PHIS(I, IV, I=T, IBEX) - B 3_&_‘;_‘“‘ YT LRI 710
, 1204 CONTINUE OE OL#10720
S o~ OLM10730
WEITE(6,209) MONTH 0.5 ~_0LM10740

E 209 FORMAT( //,4UX,*TOPOG ARRAY FOR MONTH = 1,I2) C s OL¥10750
! WRITE (6,91} (I,T=1,IMAX) EQ . OLH10760.
i J=JMAX+1 = 0LM19770
= DO 1206 JJ=1,JM2X .. 0OLNM1DT780
J=J-1 O0LM1}78D

. WRITE(6,210) J, (TOPOG(J,I) ,I=1,LMAX) — L ..._.bnm10800
1206 CONTINTR OLM10810
210 FORMAT{ 08(2X,I3, 1X,148(F7.0,1X) ) . OLM10820

4 C OLM1I830
; WRITE(6,212) - . ._0OL%10840
212 FORMAT({ //,43X,YINITIAL SURFACE TEMPERATURE (K) ") ‘ OL¥10850

) __WRITE(6,90) (I,%=1,TIMRX) e OLE10860
J=JMAxX+1 OLM10870

_ DO 1207 JJ=1,JMAX ) : . 0L¥10880
J=J-1 QLM108GD

WRITE (6,233) J,(TSC(J,I) ,I=1,IMAX) e OLM109290

. {77207 CONTINUE _ _ T oLm1091d0
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WRITE (6,2 14) "OLMA0930
FORMAT( //,43X,'INITIAL GROUND TEMPERATURE (K) '} " OLMI10940
WRITE(6,90) (I,I=1,I42X) . . OLM10950
J=JHAX+1 - OLM10960
DO 1208 J3J3=1,JMLX CLM10970
J=3~1 o . OLB10980
WRITE (by233) dg (GIC{J, 1) ,L=1,LN2EX) OLM10930
CONTINUE _OLE11000
- OLN11010
WRITE (6,216) OLM11020
FORMAT( //.43X,'INITIAL SUEFACE PRESSURE (MB)') OLM11030
WRITE(6,91) (I,¥=1,I¥ix) ' OLM11040
J=JMAX+1 - OLN11050
DO 1209 J3=1,dMax _OLM11060
J=J3-1 OLM1T0790
WPTPE(6,218) J,(PC{J,I),I=1,TM3X) _0LM11080
9 CONTINUE S SEDEDS
FORMAT{ 8{2%,T3,1X,18{F7.1,1X) )) . OLM11100
oLMI1110
WRITE(6,205) . OL#11120
FORMAT(/,2%,38X, 'INITIAL GRQUND WETNESS MATRIX (GWC) ') OLM11130
WRITE (6,91) (1 IT=1,TMAX) OLM11140
FORMAT(/,3X, Tt ,15(13,5%)) OLM11150
?ORMAT(/,BX,' J/I' ,1u(13,52)) - OLM11160
J=JHEX+ T T TOLM117170
DN 121) JJ=1,JMAX _0LM11180
J=J-1 o THLHMTI180
WETITE (6,209) J,{GWC({J,I),1=1,THRX) ) NDLM11200
CONTINOF - oLM11210
FORMAT ( 08 (2%,I3,18 (F7.4,1X) )} ) OLM11220
DLW11230
WEITE (6,237) : _ OLM11240
TT237 FORNAT (//, 4=x,'SUE?ACF SPRCIFICATTONT, /00X, 71: 0C3AN, 7,3%, oLM11250
1'2: LOAMY SOIL, ',3X,'3:SANDY SOIL,',4X,'4; 1) _ OLN11260
WRITE(B,01) (LsI=1,IMAK} . T T 8Lm11270
J=JMAX+ 1 DLM11280
DO 1222 J3=1,JMiX T ST e T oLk11290
J=J-1 OLM11300
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T WRTFE (67,2337 3, (RCR (7 TY S RET, THEY) §LE1T310
1222 CONTINOER OLM11320
T TTTTTOINT1330
WEITE(6,236) OLM11340
236 FORMAT({//, 30X, "TRANFCINUED GEQUND WEINESS MATRIX{GW, D-.5 SCAT®E) ") OLM11350
WRITE({6,91) (I,I=1,IM2X) 0LM11360
J=THEX+T T OTTTTOLEI1370
DO 1220 J3=1,JM2X OLM11380
J=J3~1 OLM11390
WRITE (6,200) J,{(GW(J,I),TI=1,IMAX) LOLM11400
1220 CONTINUE OLM1T1L10
< OLM11420
WPRITE (6,2135) OLM11430
235 FORMAT(//,45X,'WMAG COMPONENT : FD(3,I)") QLM11440
: WRITE(6,90) (I,I=1,T4AX) "OLM11450
C J=JMAX+1 X . OLM11460
DO 1221 JJ=1,JMaX OLM11470
_ J=J-1 : . . ODLM11480
WRITE (6,233) J,(FD(J,I),I=1,IMAX) QLM11490
tou 1221 CONDINUE N __OLM11500
C OLM11510
ﬁ IF(IHH.EQ.1} WRITE(6,240) . oLM11520
1 IF(IHH.GT.1) WRITE(6,221) 0L¥11530
240 FORMAT(//,45X,TSUFFACE SPECYFIC HUMIDITYY) R OL# 11540
i 221 FORMAT( //,47X,VNET RADIATION (LY/DAY)} ") DLM11550
L. WRIT®(6,91) (I,I=1,IMAX) o ) L OLM11560
J=JMAX+1 OLM11570
i DO 1211 3J3=1,JdMRX L L 0LM11580
o J=3=1 - o ) OLM11590
. _. _IF(IHH.EQ.1)_  WRITE(6,223) J,(SHSC(J,I),I=1,IMRX) OLM11600
' IF{IHH.GT. ) WRITE(6,218) J, (SHSC{J,I),I=1,IMAX) OLN11610
' 1211 CONTINUE _ B . OLM11620
: LL=0 OLK11630
' DO 229 L=1,3 QLM11640
T L= A6 - ) T o i OLM1165%)
e e . OLN11680
WRITE (6,222) LL OL¥11670
222 FORMAT{ //,45X,'X COMP OF VEL AT LIVFPL',I2) o OLM11680
RRITE(6,90) (I,I=1,IH2X) 01LM11690

A = -
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J=IJMAX+1

L B o OLM11700

D0 1272 JJ=1,3MAX o R OLE11710
J=3-1 L 0LK11729

e WFITE(6,233) J, (UC(J,Z,1y,1=1,IHRY) T T T TOLMITT730
1212 CONTINUE _OLM11740
233 FORMAT( 08 (1%,23,71%, 1G(F7.2,7%) ) OLKMT1750

C 0LM11760

) TWRITE (6,228 1L ’ . T e OLN11770
225 FORMAT( //,45%,'Y COMP OF VYFL AT LEVEL' , I2) OLM11780

T WRITE(6,99) (f,I=1,TNZY) T T T 0LN 11790
J=INRX+1 ' 0OLM11800

DO 1213 JJd=1,d08X 6111810

J=J-1 JLM11820

““““ WFITE(G,233) J, (VC{J, L, 0y, i=1T,ITmxy  —~ oo TOLM1TR30
1213 CONTINUE DLM11849
¢ 7 “‘ ) T i 01411850
WRITE (6,225) LL DLM11860
""'““WWTWTU&*WW“W”TWET‘“” T e "OLM11870
WRITE(6,S0) (I,I=1,TMRY) v OLM11880

T T TTIETRERL Y D T } OLM11890
DO 1214 J33=1,dMAX OLM11900

J=I=T T T TOLM11910
WRITE(6,233) J, {TC(J,X,L),I=1,IMAX)} DLM11920

T2 TR CUNTIND Y TR men T T TQTLMM11030
C OLM11940
T TWEITE{6,2Z2RY LT R SR 0L¥11950
226 PORMAT{ //,85X,"SPEC HUMIDITY AT LEVEL', 12) OLM11960
WRITE{R, 90 {7 =1, IVMEY) ’ T 0LM11970
J=TMAX+1 CLMT11880

e DO T2 TS Jd=T, JALY e o OLM11590
J=J-1 OLM12000

T TTTWERITE6, 223y I, (SEC(J, I, LY S IET,IEBARYy T v e s QL®12010
1215 CONTINUSB OLM12020
T 2ZZ3TFORWATT OB {TX X3, T, IF{F7 89, 7%y Ny~ —~ ~=— = ™ OL¥12030
229 CONTINUDR OLM12040

c OLM12050
305 CONTINUE e OLM12060

C 2LK¥12070
C o .OLM12080

. e dURFACE VARTABLES
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C 0LM12090

IF({IPR.¥R.2.0R. . NOT.PRTSHV) GO TO 3395 OLM12100 .
396 PARM13=2 N OLM12110

IF (PARM10.%Q.PABMS0.AND. PARMI1.50. PARMS 1. AND.PARM 12,50, PARNS2 OLH12120
*,  AND.PARM13.EQ.PARMS3) OLM12130

*¥G0 TO 320 __ OLM12140
GO TO 395 OLM12150

329 CONTINUE - . .CLB12160
WRITE (6,490) ’ ) OLM12170
490 FORMAT(/,04X, 'BHS', 07X, 'DTs5',07X, 'ELE',08X, "EDV',07X, 'ZLN', OLM12180]
*05%, *SHLE (10) *,03X, 'SHL(9)', 04X, 'DRAW',05X,'TLE(10)") OL¥12130

) WRITE (6,590) RHS,DTS,ELE,®DV,Z2LN,SHLE (10) ,SHL (9),DRAW,TLE (10) 0LM12200
S00 FORMAT (2X,09 (FR.4,2X)) 0LM12210
395 CONTINUE L DLM12220
C BLM12230
_c GPOUND TERMPERATUPRE CALCULATION VARIABLES OLM12240
C OL¥12250
_ _ IFP(IPE.NF.4.0R..NOT.PRGRT) GO T0 605 _ . OLM12260
604 PEZRM13=4 OLM12270
IF(PARM10.EQ.PARMS).AND.PARN11.EQ. PAEM5 1. AND. PARM 12. EQ. PARNS2 0LK¥12280
* AND.PAFN13.FQ.PARMS3) OLM12290
- *G0 TO 510 e . OLH12300
GO TO 605 0L¥1231D
510 CONTINUET - L OLM12320
ARITE (6,595) 0Lu12330
595 FOIMAT (6X, 'BHOS',07X, 'DTS *,08X,*CZH', __07%, OLM12340
FTHMAG ! ,06%, VTEEM2', 05X, TFRM3', D6X, ITERMGT,06%, TL(9) " OLM12350
L %,06%,'DENOM® 06X, "RADTEM' 06X, 'GT ') L OLM12360
WRITE (6,600} REOS,DTS ,CZH, WMRG ,THRMZ2,TERM3,TERMY, NLM12370

*TL(9) ,DENOM,RADTRM,GCT {J,T) OLM12380
77800 FORMAT (1X,11(F10.3,1%}) N T " OLM12390
605 CONTINUE _0LN¥12400
c “DLE¥12L10
c MOTISTURE CONTINUITY EQ. VARIABLES OLM 12420
C o ) OLM12430

_____ IF(IPR.NE.5.0R..NOT.PRMCEV) GG TO 695 e OLM12L40

. $96 DARM13=5 OLM12850

i_ IF (PAEM10.30.PARM50.AND.P2RM11. EQ. PARM5 1. AND. PARM 12. EQ. PARNS52  OLM12480
. OLMT2870

*., AND,PARNI3.EQ.PARMBD])

ALIWND ¥00d 20
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*GO TO 610 ~ DLM12480

. GO TO 695 T T T TBLMT24907
610 CONTINUE o _ _  0LM12500
WEIT®(6,5690) OLM12570

690 FORMAT (5X,'SNFAL', 05X, 'RAIN',06X, 'OVER',06X,'PLANT', OLM12520

- *0BX, VPOI-E',06%, VACTOAL~R' ,00X, TRETRV,06%, TARTf, . " oLu12530
. _*7X, 'RH(9)',6X,'PL{9) ', 6X,'SHL(9)') - . B OLM12540
WRITRE(6,700) SNFAL,RAIN,OVEZ,DPLANT,PREVAP,E6DL,WETE,WIT, OL¥12859

o *RH{9) ,PL(9) ,SHL(D) ) L CLN12560
70 FORMAT (2X,11 (*0.4,1XY,7/) *“' T AL m12570
695 CONTINUE o OLK12580

T J7EXEC LDR T T QLEMT2590°
c /DD 008 DSYAME=DJIJA : OLX12600
e JEXEC * Tt ’ T OLMT2610°
c o OLM12620
TR ZPARESD T - o o B "OLM12630
J=PARM51 OL¥12640

[ T T BLE12650
RETURN h OLM12660

= — WD e - T NTL.M12670
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