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Introduction
The purpose of this report is to give an overview of a watershed modeling

program, and provide sufficient documentation to serve as a user's manual.  The program,

referred to here as SWATMOD, incorporates both Swat (Amold et al., 1994), a

watershed modeling program, and Mod flow (MCDonald et al.,  1988), a stream-aquifer

modeling program.  The first version of this report was written as Appendix I to the

Combined KSU/KGS Final Report (Sophocleous et al., 1997a) to document the model

code, referred to here as SWATMOD, with specific reference to a model of the

Rattlesnake Creek watershed.  This model was developed for the Division of water

Resources (DWR), Kansas Department of Agriculture, as a joint effort of Kansas

Geological Survey (KGS) and Kansas State University (KSU).  This revised edition,

published as KGS Open-File Report 98-59, is intended to be a serf-contained document

describing SWATMOD and its application to the Rattlesnake Creek Watershed, so that it

may serve as a guide or example for similar applications.

The combined SWAT-MODFLOW computer code was applied to models of two

other watersheds during its development.  Initial tests were based on a model of a small

watershed with an area of 1.23 km2 at Riesel, TX that is gaged and operated by USDA-

ARS and identified as Y7.  A SWAT-based model of Y7 was used by ARS for SWAT

program verification; results from this model are summarized in the SWAT manual

(Amold et al.,  1994).  Results from our tests of Y7 are described in progress reports to

KWO for a study of the Lower Repubhcan RIver Basin (Sophocleous et al.,  1995a and b).

The combined SWAT-MODFLOW computer code in a version referred to here as

SWATMOD2 was also used to simulate the Lower Republican River Basin in a study for

the Kansas Water Office (KWO).  The computer code for SWATMOD2 and its

application for this study are documented elsewhere (Sophocleous and Perkins,  1997b;

Perkins and Sophocleous,  1997 and 1999).

New to this edition is a summary of how surface water diversions were included in

the model of Rattlesnake Creek Basin using SWATMOD2.  Surface water diversions were

modeled using the SURFACE package, one of several packages we have developed or

modified to expand MODFLOW' s capabilities.  Documentation of these packages win be



forthcoming in 1999.  The most recent appfication of these packages has been to develop

a comprehensive watershed model code for application to Wet Walnut Creek

(Sophocleous and Perkins, 1998).  In this model code, daily simulations of watershed

hydrology are performed by the program POTYLDR (Koelliker, 1994) instead of SWAT.

This report is supplemented by appendices as follows.  Appendix A was written as

an extension to Chapter 3 of Swat's manual (v. 2), added as Section 3.4, to describe the

format for input data files read by Swat, including additional input required for

coordinating Swat with Mod flow.  Appendix 8 provides operational detals of running the

combined programs of Swat and Modflow, compiling and linking the programs, and

coordinating file device numbers.  Appendix C describes input changes made to

MODFLOW for its apphcation to the combined watershed-stream-aquifer models.

Appendix D contains the source code for Hydbal, Modswb, and Swbavg, the key

programs developed for combining Swat and Modflow.  Appendix E describes a

subroutine written at KGS to calculate potential evaporation based on the Penman

method, which was added to Swat and can be called as an alternative to Swat's original

options.  Appendix F describes two progranis written at KGS for use as Modflow

postprocessors.

Coordination of Swat and Modflow: program organization
Swat and Modflow are coordinated either by independent execution with data

transfer by ffle, or by linked execution with data transfer by access to common memory.

Their interaction is handled by two sets of subroutines developed for this purpose, which

are Hydbal, a "package", or set of subroutines called by Swat; and Modswb, a package

called by Modflow.  A third progranL Swbavg, provides a way to combine results from

Swat to represent spatial heterogeneities existing within the watershed by calculating

areally weighted averages of "hydrologic response units" (HRUs), i.e. the various areal

components of the watershed with respect to soft type, land use, and management

practices.  Spatial heterogeneity with respect to soil type, land use, and management

practice are considered.

Swat begins by reading the input files associated with a particular case, and

opening those with daily values, i.e., weather data; see the manual on input instructions in
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Appendix A for details.  If Swat and Modflow are to be run together, then prior to

entering the annual simulation loop, Swat makes an initial call to Modflow in order to

allocate memory common to both programs.

Swat calculates hydrologic fluxes for each subbasin of the watershed on a daily

basis and accumulates them over the aquifer time step, designated to be a day, month,

year, or an average of an years of simulation.  At the end of each aquifer time step (a day,

month, or year), Swat passes a hydrologic summary to subroutine Hydbal, which

calculates a mass balance on soil, stream, and aquifer control volumes, and writes a

hydrologic summary to a "balance" ffle to be used as input to either Swbavg or Modswb.

Modflow, coded as subroutine Modflo and caued either by Swat or by a small

mainline for stand-alone execution, includes the Modswb package, which provides an

interface between Swat's lumped parameter model of a watershed and Modflow' s

distributed parameter model of an aquifer.  The Modswb package consists of four

subroutines whose names and functions conform to the conventions fouowed in Mod flow.

Swbl al auocates memory in Modflow for the watershed-aquifer interface.  Swblrp maps

the geographical extent of a watershed' s subbasins onto a gridded aquifer domain and the

subbasin outflows onto a stream network.  Swblftn converts results obtained from Swat

for each subbasin into conditions for Modflow's aquifer solution, including recharge,

irrigation, evaporation, and tributary flow to strealns.  Swblbd summarizes baseflow and

evaporation from the water table for each subbasin.  Bothe Swblfin and Swblbd make

necessary conversions between Swat' s hydrologic depths (mm), i.e. flow rates divided by

subbasin area, and Modflow's flow rates [L3IT].

If Swat and Mod flow are to be run separately, Modflow cans subroutine Swblfin

in the Modswb package for each time step to read a hydrologic summary from the file

written by Hydbal into aITay SHED; and to set up conditions on which Modflow's

solution is based, including recharge, pumping, and lateral inflow to streanis.

In a linked execution, Swat cans Modflow through entry points Modflo, to

initinlize a simulation; Modper, to initialize each stress period, and Modstp, to solve the

groundwater equations for a time step.  For each time step, Swat calls Mod flow according

to a procedure that is iuustrated below for monthly time steps.  Swt2mod is first called to
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pass the hydrologic summary from array SSUB in Swat to array SHED in Modflow.

Modflow is then caued via entry point Modstp to solve the aquifer equations, and

Mod2swt retrieves baseflow and water table evaporation as hydrologic depths, based on

Modflow's solution.  Hydbal then writes the summary of hydrologic fluxes to a file,

incorporating results from Modflow.  The use of Modflow's entry points and Hydbal's

subroutines are outlined in the following excerpt of code from fiiile month.h, included in

Swat's mainline (SwatMain):

write   (balttl, I (i4,i3,1x,a) I )   iyr,Itlol,   IIronthly  hydrologic  balanc.: I
dtE)Vat   =  nd
if   (iopg`,pt.gt.0)   then

a.1t  -  dtBwat/cnvtln
Imonthly  SWAT  time  8t.p(days)
ldo®B   SWAT   call   HODFI.OW?
lconv.rt  to  Hot)FI.OW  time  Bt.p

paeB  monthly  flute.  from  SWJLT  to  HODSWB'g  array  SHEDs
call   SWT2HOI)   (1utot,x(I.CSEI=D) ,8gub)

call  HODFI-OW  to  .x.cute  one  Solution  Step,  th.a  return:
call  HODSTE.   (iopBvt,In]Ecur8, icurer, jkkopt,   cmrcin,d.1t,b®r,ngtp,kgtp)

r.trl.v®  r.eulte  for  MODFI.OW  .olution  from  array  SHI=D:
call  MOD28WT   (lutot,x(LCSEI=D) ,.eub,.in,flu,tlr)

end  lf
•t±m±riz.  combin.d  r.I)ulte  on bal.nc.  file:

call  HVDBAII   (iobal,balttl,1u,x(IicsH=D) ,sBub)

The remainder of this section provides details on specifying options for the linkage

between Swat and Modflow; the data that are passed between the two by file and memory

reference; and its implementation.

Input data for the combined Swat-Mod flow program (SwatMod)
Most of the input data for the combined Swat-Mod flow program are described by

the respective manuals for Swat (Amold et al., 1994) and Modflow (MCDonald et al.,

1988; Prudic,  1989).  The manual for Swat describes input for the program but not the

format in which it is read, under the assumption that input files are written by a

preprocessor available with Swat that runs under GRASS, a public domain, raster-based

graphical interface system (GIS).  However, Arc-Info is the GIS used here in Kansas by

the parties interested in the combined Swat-Modflow prograni (KGS, KU, KSU, DWR,

and KWO).  Because a preprocessor for Swat that runs under Arc-Info was not available,

a preliminary version of one has been developed (L. Bian, personal communication),

although it does not take into account revisions to input data format for Swat (v. 2).
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Revisions to Swat's original input data format include its input control file (~.cod),

where options regarding variations on original Swat procedures and coordination of Swat

and Modflow are specified; and input files for soils and weather data, whose formats were

revised to conform more closely to version 1 of Swat (1993).

For the combined Swat-Modflow progranL an extension to the Swat manual has

been written to describe Swat' s input format, including revisions.  This extension,

reproduced here as Appendix A (and inserted after Section 3.3 of the Swat manual as

Section 3.4) auows input files to be constructed without the aid of a GIS-based

preprocessor.  For the purpose of data entry, some preprocessing assistance can be

provided by spreadsheet templates for exporting text files that conform to Swat input file

formats described by Appendix A.

Changes to Modflow input format have been made that allow the prograni to

operate as expected, given standard input as described by Modflow's manual.  The Stream

package contains some nonstandard input options, although only standard input is used for

the Rattlesnake Creek watershed model.  The Well package was modified to allow

pumping wells to be distinguished from model wells used to represent nonzero flow

boundary conditions.

The Modswb package reads an "SWB" input file (see "Input instructions for

Modswb") to associate (a) subbasin outflow locations with reaches of a stream network

represented by Modflow' s Stream package; and (b) the domain of each subbasin with grid

ceus of the aquifer through an integer array, IBSHED, similar to the IBOUND array read

from the input ffle for Modflow's Basic package.

If Swat and Modflow are executed separately, Modswb also reads a hydrologic

summary of results from Swat for each aquifer time step from a balance input ffle.

Altematively, Swat can can Modflow as a subroutine, and Swat's results are passed via

subroutine Hydbal to Mod flow by reference to array Shed in Modswb; see overviews for

linked Swat-Modflow execution control, Hydbal, and Modswb.

Structure of balance file for Swat-Mod flow data transfer
A hydrologic summary is written by a call from Swat to subroutine Hydbal for

each aquifer time step.  The data contained in this summary are either read by Modswb in
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a subsequent run of Modflow (iopswt = 0) or, in the case of a linked Swat-MODFLOW

simulation (iopswt > 0), copied directly between Swat and Modflow aITays.  An

abbreviated version of the example file is the following.

365.   (a.Ire)       1977  annu.I  hydroloolc  bal.zic.:
ld  So  V&  Aq  St  To  8b  I-.  Sh  CcmpotL.nt

2569.600  h**2  ar.a    fr&ctlonl:
pozLd.   (ar®al  fr.ctlon.) :
actlv.  qrldd.a  fractlozi:
11
21
3-1
4
5
6
7

3
38

54
115

10      0      0   -1      1      a      6   104
11      0      0      1      0      116      20

Balanc.. :
1
2
3
4
5

X.an  stdD.v               1               2               3
a.22015   0.04909   a.20435

0.01994                    0.03430   0.00310   a.00640
0.12599                    0.07325   a.20532   0.23676

PREC   101      993.4      107.51035.10      895.301113.80
IRR  IO(     136.1           6.1137.52133.12127.01

=T  m4     868.9        24.9      885.77      834.e8      e59.75
SURQ  m41oo.8         39.6124.66        63.53152.el

Trosg  ]DI          3.8           1.7           3.29           5.23           6.8o
IATQ  ]D[           0.3           0.1           0.38           0.15           0.29
P=RC  lot     192.9        53.8192.70166.60      265.51
aimE  ml     192.9        53.8192.70166.60      265.51

R=V  ID(           6.1            6.3            9.42         22.36            8.70
ow  Q  m[           5.1           9.6           6.79        27.36        12.e6
ps=E.  ]Dt          2.5           2.2           4.67           0.87           1.ie

loll                     -33.5          2.5     -30.90     -36.74     -37.56
v.do..                    0.a          0.0          0.00          0.00          0.00
•qulf.I               49.3        54.0       42.27     -11.01     123.73
•tr.an              lot.3       43.3     127.54       90.84     164.99
cohblD®d           124.7        94.0      147.87        44.16     253.33

Contents of file records 1-5 in this exaniple, numbered at the right, are described as

fouows; numbers in parentheses refer to vectors in the SIHD array (below).

Record contents:

1  length of time step (days), calendar year, and the phrase "hydrologic balance", used by
Modswb to identify the beginning of the summary;

2  headings that apply to columns for the hydrologic components that fouow line 5.
3  total basin area and the areal fraction for each subbasin (1);
4  noncontributing area fraction for ponds: basinwide average, and value for each subbasin

(8);
5  fraction of area corresponding to active nodes of aquifer for basin and each subbasin

(3); in Swat's stand-alone mode (iopswt = 0), these appear as zero, since they are
defined in Modflow.

The columns in the table of hydrologic components following line 5 are identified
by the headings in line 2.  In the middle of the table are the names of the hydrologic
components to be passed between Swat and Modflow.  To the right of the component
names lie columns for mean and standard deviation values for the components taken over
all (nine) subbasins; to the right of these he the component values for the first three of nine
subbasins in this example.  To the left of the component names, column Sh identifies
vectors 10-20 of the SHED array, defined below.  Columns Sb and Bas identify the
vectors for Swat' s subbasin and basin arrays, respectively, that contain these components.
At the left are vector columns corresponding to soft (So), vadose (Va), aquifer (Aq),
streani (St), and total (To) control volumes that indicate how the components add into a
Inass balance for each (but subject to definitions of recharge and tributary flow reflected
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by option jkkopt for Modswb, below).  For each of these control volumes, mass
conservation is expressed by ds = Zgi, i.e., the tine rate of change of mass per unit area
within the control volume equals the net flux into the control volume by the components
qi.  The balances are evaluated according to the following equations by subroutine Hydbal:

soil:               ds(1) = prec(10) + irr(11) -et(12) -surq(13) -1atq(15)-perc(16);
vadose:        ds(2) = perc(16) -rech(17);
aquifer:         ds(3) = -iIT(11) + tloss(14) + perc(16) -rev(18) -gw_q(19) + psep(20);
stream:         ds(4) = c.[surq(13) + latq(15)] + gw_q(19);
total:              ds(5) = prec(10) -et(12) -rev(18),

where c =  1  -pond fraction (8).  Abbreviations and indices for the terms in these equations
correspond to the components shown in the balance ffle (above) and array SHED
definitions (below).

Discussion of mass balance terms
The above equations indicate that of the total runoff ( 13) and subsurface flow ( 15)

leaving the soil control volume, only their contributing fraction are shown entering the
stream control volume; a balance on ponds might be useful in showing the fate of their
noncontributing fraction.

A distinction is drawn between definitions for recharge in Swat and Mod flow.
Swat's definition of recharge ( 17) is restricted to soil water that has dropped through both
the soil profihe and the vadose zone, and is represented by Swat as delayed
percolation (16) from the soil profile.  This definition is narrower than that used in
Modswb to calculate recharge for Mod flow, which includes transmission losses,
percolation and pond seepage, subject to added Swat option jkkopt, described below.
Modflow's version of the recharge flux is distinguished from Swat's defini ition as SHED
vector 25.

Mass balance terms affected by the Swat-Mod flow linkage are handled through
subroutines in the Modswb package as fouows.

1.          Swat and Mod flow are coordinated to represent amual water use for irrigation
through input options ioplim for Swat (input file ~.cod) and iITopt for Modflow (input file
~.swb).  If Swat runs without calling Modflow but option ioplim>0, Swat reads a
maximum annual irrigation depth from the ~.cod input file.  Then for each aquifer time
step, Swat calculates an irrigation depth ( 11) subject not only to its own scheduling
(~.mgt) and plant stress-based (~.mco) options, but also, for ioplim>0, to specified annual
use linits.  In the case that Swat calls Modflow (iopswt>0) and ioplim>0, Swat obtains
annual irrigation limits from Mod flow as follows. Swat calls Modflow's entry point
Modper at the beginning of each stress period (year), and Modswb subroutine Swblrp
calculates irrigation depth (9) for each subbasin, given by total reported use according to
the Well package input file, divided by subbasin area.  Swat then retrieves these irrigation
depths (subroutine Passflx) to limit annual irrigation as described above.

2.          For each aquifer time step, Swblfln sets up the conditions for Modflow's solution
that are based on the hydrologic components calculated by Swat.  Irrigation depth (11),
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subject to limits described above, are treated as fonows.  If option irropt=0 (specified by
Modswb's input file), iITigation pumping is given as read from the Well input file, and
Swat's irrigation depth is ignored.  Otherwise (irropt>0), the pumping rate of each well
within a subbasin is scaled by the ratio of depths given by SHED vectors (11) and (9), so
that total groundwater pumping in each subbasin corresponds to that assigned by Swat.
The irrigation depth calculated by Swat is part of Swat' s hydrologic sumrmry that is
obtained by Mod flow as described above.

3.          Components of swat's hydrologic summary are combined to represent tributary
inflow (22) and groundwater recharge (25) for Modflow' s stream-aquifer model as
described below, using definitions that are somewhat specific to the Rattlesnake Creek
watershed model, and which are invoked by setting option jkkopt > 0.

4.           Swblbd calculates the hydrologic components revap( 18) and base flow ( 19) that
depend on Modflow's aquifer head solution.  Revap, in Swat's terminology, is based on
evapotranspiration from the water table calculated by the Evt package, and base flow is
based on the negative of streambed leakage calculated by the Stream package.  For a
combined Swat-Modflow run, these components as calculated by Modflow appear in the
balance file; otherwise, Swat's version of these components are included, which are based
on a lumped model of groundwater with relatively specific assumptions and application
(Amold,  1994).

Definition of array SHED for Swat-Mod flow data transfer
Modflow array SHED stores data related to subbasins; vectors 6 and 27-30 are

not currently used.  Dimensions for the Rattlesnake Creek aquifer model are in feet [L]

and days [T], so flow rates are expressed in ft3/day, and velocities (e.g. hydraulic

conductivity and evaporation rates) in ft/day.  Swat's hydrologic summary is expressed as

a depth (mm) accumulated over the number of days in the aquifer time step, dtswat.  The

hydrologic summary in vectors 10-20 of array SHED is obtained either directly from

arrays in Swat (through Hydbal subroutine Swt2mod) in the case of a linked Swat-

Modflow run (iopswt > 0), or from a balance ffle written by Swat and read by Modswb

subroutine Swbl fin

(1) Areal frc  areal fraction of subbasin; read in SWIRP.
(2) area[L2]  area of subbasin [L2]: product of bsarea and (1); SWBIRP.
(3) GrdArea[L2] gridded subbasin area; see also (7); SWBIRP.
(4) Irr_use[L] irrigation [L3IT] : total irrigation pumping accumulated for each subbasin

from WELL module input at beginning of each stress period; SWB IRP.
(5) IrrswatFrc not used; previously, ratio of irrigation fluxes ( 11 )/(9); see irropt.
(7) AreGrd/Act gridded active subbasin area as fraction of actual subbasin area, (3)/(2);

SWB IRP; passed back to SWAT to be written in the balance file (~.bal) by HYDBAL
in a combined SWAT-MODFLOW run (iopswt>0).
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(8) Pond tract noneontributing areal fraction of subbasin, which contriibutes instead to
ponds; read from ~.balance file; SWB IFM.

(9) IrT_use   irrigation flux based on total pumping in subbasin for the stress period, (4); SWB IRP.
(10) Prec mm   precipitation
(11)Irr mm irrigation H.] according to SWAT; used to scale pumping if iITopt>0.
(12)ET mm      evapotranspiration from ground surface H.]; see also (21)
(13)SURQ mm   surface runoff H.] to tributaries leaving subbasin
(14)TI,oss mm  transmission loss H,]
(15)LATQ Inn   lateral flow H,] to tributaries leaving subbasin
(16)PERC mm   pereolation from the root zone
(17)GWRE mm   groundwater recharge.  According to SWAT, this consists only of

percolation from the root zone, with a possible delay time set by SWAT input.  For
zero time delay (i.e. , no storage in the vadose zone), recharge equals percolation from
the root zone.  For MODFLOW definition of recharge, see (25).

(18)GW ET mm  evaporation from water tal]le ("revap" in Swat); the value from SWAT
is superseded by results from MODFLOW's EVT package, summarized in SWB IBD.

(19)Baseflow mm base flow; the value from SWAT is superseded by the negative of
streainbed leakage, calculated by MODFLOW' s STREAM package and summarized
for watershed subbasins in Slh/B IBD.

(20)Pndseep mm pond seepage into aquifer
(21) POT ET mm potential et; used to define maximum evaporation rate from water title

if EVT is invoked; see options iopet and ievopt.
(22) Tribflow mm tributary inflow to streams from subbasins given by the contfrouting

sum of surface and subsurface runoff.  Defining c = 1 - pond fraction(8),
Qtrib(22)  ac*[SURQ(13) + IATQ(15)]

unless jkkopt > 0; SWB IFM.
(23) DTW EL]    avg depth to water for shallow nodes if EVT is invoked; SWBIBD.
(24) Pump rate mm irrigation depth (mm) calculated in SWB IFM as a check: if irropt>0,

it should equal assigned irrigation ( 11) from SWAT; otherwise, it should equal
irrigation use (9), calculated in SWB IRP from MODFLOWs ~.WEL input.

(25) Recharge mm groundwater recharge flux is defined for MODFLOW by the sum
RchMod(25) =xmloss( 14) +perc( 16) +pond seepage(20)

unless jkkopt > 0; SWB IFM.
(26) Rchlnp mm recharge depth (mm) corresponding to initial array RECH as read from

Modflow input file if ioprch > 0; flux is for initial time step duration, delto, and with
respect to area of active nodes in subbasin; SWB IFM.

Summary of Swat-Mod flow options used for the Pattlesnake model

Ootious added to Swat
Several options have been added to Swat, both to coordinate Swat with Modflow

and to revise Swat's watershed model.  These options are read from Swat's options input

file (Appendix A).  Those used for the Rattlesnake Creek watershed model are defined
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below, keyed to their order in the input control file description.  They include Swat-

Modflow coordination options iopmod, iopswt, ioplim, and jkkopt; and Swat model

revision options iopwfl, iopet, and iopwea:

iopmod (2): option for Swat to summarize hydrologic results on an annual(1),
monthly(2) or daily(3) basis for each subbasin and can Hydbal to write results to a
"balance" ffle named below (nambal, rec. 4) that can be read by Mod flow on a subsequent

run; see iopswt.

iopswt (3): This is a Swat option (read from Swat's ~.cod input file) that defines
how Swat and Modflow are to be coordinated.  A zero value signifies separate execution
for both Swat and Mod flow, in which case Swat cans Hydbal to write the balance file
without input from Modflow; on a subsequent run of Modflow, the balance file is read by
Swblfin in Modswb.  Otherwise (iopswt > 0), Swat and Modflow are coordinated in the
following rmrmer.

iopwfl (7): option (y=1,n=0) to read daily precipitation data for au stations from
the same file, and to do sinilarly with temperature data. Weather stations are identified in
the ~.cio ffle by an integer, I., from 1 to n corresponding to the order of data columns from
left to right.  Data format for temperature and precipitation data are defined in records 5-
6' below.

ioplim ( 10): option (y>0,n=0) to limit daily iITigation pumping by wsfidmx
(mm/day) and annual irrigation pumping by groundwater appropriation pmpmax (mm/yr),
reduced by pumping efficiency pmpeff; wsfdmx, pmpmax and pmpeff are defined in
records 8-9, below, subject to the fonowing conditions.  If Swat does not call Modflow
(specified by iopswt=O and ioplim>0), annual irrigation limits are read from record 9
(below).  If Swat calls Modflow (specified by iopswt>O and ioplim>0), Swat calls subr
Passflx to obtain annual maxinum pumping flux rates (mm/yr) for each subbasin, based on
Modflow's ~.WEL input ffle.

iopet (15): option (y=1,n=0) to use the reference crop evaporation calculated by
subr Penman instead of the value calculated by Swat' s subroutine EVAP8, the default
option.  Subroutine Penman was written and linked with Swat by SPP, and calculates
reference crop evaporation according to the method recommended in the Handbook of
Hydrology (Maidment, ed.,  1993).  This method includes the effect of long-wave emission
in calculating net radiation, in contrast to Swat's subroutine; see also the following related
option, iopwea.

iopwea (16): option (y=1,n=O to read, rather than synthesize, daily values for
insolation (ly/d), relative humidity (pct) and wind speed (in/s at 10 in above ground
surface) in that order from an input file with name namrad (rec. 4) in format frotrad
(rec.7).  The default option (iopwea=0) is to generate them as in the standard Swat
Program.
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jkkopt (19): an option passed to Swblfin, where it determines how terms from
Swat's hydrologic sumrmry are combined to define groundwater recharge (25) and
tributary flow (22) for Mod flow.  The default Swat option for these combinations
corresponds to jkkopt = 0; the exception, jkkopt > 0, is a special case formulated for the
Rattlesnake Creek watershed model by Prof. Jim Koelliker, Kansas State University.
Defining c = 1 - pond fraction(8), these definitions are as follows.

tributary inflow (22)    = c.[surq(13) + latq(15)],
=-(1/c).xmloss(14)+c.latq(15),

default
jkkopt > 0

Recharge (25) = xmloss( 14)+perc( 16)+pond seepage(20),                                (default)
= xmloss( 14)+c.1atq( 15)+perc( 16)+pond seepage(20),           jkkopt > 0

ODtious for the MODslh7B Package
Options irropt, ioprch, ievopt, and jkkopt affect the conditions of the

groundwater solution in Mod flow, which are set up in Swblfin The first three options are

read by SWB IAL from the SWB input file.  Option jkkopt is passed from Swat to

Mod flow either by way of the balance file written by Hydbal or by subroutine argument

list, depending on option iopswt, described below.  Option iopmod specifies the length of

an aquifer tine step as a day, month, or year.  Options jkkopt, iopmod, and iopswt are

three of several options read by Swat and summarized below.

irropt: option (y=1,n=0) to scale the pumping rates of irrigation weus read from
MODFLOW's ~.WEL input for a stress period so that subbasin j's total pumping flow
rate varies according to the flux specified by SWAT for each time step; otherwise
(iITopt=0), use the rate specified in Modflow's well input file ~.wel (SWB IFM; shed
vectors 4,9,11,24; weu vectors 4,5).

ioprch: option (y= 1,n=0) to maintain the recharge distribution within each
subbasin according to the recharge input file array RECH, but scale the recharge within
each subbasin for each tine step according to the sum of fluxes to the aquifer given by
shed veetor 25.  Note: option jkkopt determines which components are included in this
suln. (SWBIFM: shed vectors 25 and 26)

ievopt: option (y=1,n=0), applicable if Modflow's EVT package is invoked: if
ievopt > 0, evaporation from the water table is controlled by potential evaporation at

ground surface as calculated by Swat.  However, it is coded below using Swat's actual
evaporation, shed (12); potential evaporation win have to be entered into SHED(21),
which is not currently being done.  The next version of Swat-Modflow, i.e. SwatMod96,
is a little further along than this version representing evapotranspiration from the water
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table.  Otherwise (ievopt < or = 0), evaporation at ground surface is specified by standard
Mod flow input to array evir in the Evt module.

Flow of execution for Swat and Mod flow

Linked Swat-Modflow execution
Options iopswt and iopmod, read from Swat's input control file (~.cod), affect

execution control as follows.  For each year of a simulation, Swat simulates watershed

hydrology on a dally basis, and summarizes its results at the end of each aquifer time step

(a day, month, or year, depending on iopmod).  If I.apowr>0, Swat calls Hydbal package

subroutines Passflx, Swt2mod, and Mod2swt to transfer data directly between Swat and

Modflow arrays; and Swat calls Modflow through entry points Mod flo, Modper, Modstp,

and Modend as shown in the program outline below.  Option iopswt is passed to

Modflow through these entry points to return execution control from Modflow back to

Swat just before the next entry point is encountered, as shown below for the modified

Modflow program structure.  If iopswt=0, Swat bypasses calls to Mod flow, and calls

subroutine Hydbal at the end of each time step to write a hydrologic summary that can be

read in a subsequent, separate run of Mod flow.

Linked Swat-Modflow execution:

begin
Initialize simulation;
if (iopswt > 0) call Modflo to initialize the aquifer model;
for each year:

if (iopswt > 0) then at the beginning of each year's simulation:
call Modper to begin an aquifer stress period;
call Passflx to retrieve annual groundwater use for each subbasin to provide annual
linits on Swat's automatic use of irrigation.

end if
Simulate watershed hydrology on a daily basis;
for each aquifer time step (a day, month, or year, based on iopmod), do the fouowing:

if (iopswt > 0) then coordinate with Modflow as fouows:
call Swt2Mod: copy the hydrologic summary into array SHED for Modswb;
call Modstp: solve hydraulic head distribution for the time step;
call Mod2Swt: retrieve Modflow results (base flow and, optionany, evaporation

from water table);
end if
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call Hydbal to calculate a mass balance and write the hydrologic summary to the
balance file, including components calculated by Mod flow if iopswt > 0);

end of year;
if (iopswt > 0) call Modend to close files used in Modflow;

end.

Modified Modflow Dro gram structure
The modified structure of Mod flow is summarized by the outline shown below,

which corresponds to the flowchart in Fig.  13 of Modflow's manual (MCDonald et al.,

1988).  Calls to subroutines in the Modswb package, added to this structure to coordinate

Modflow and a watershed model, are identified by bold type.  The Modswb package is

invoked by setting iunit(6) > 0 in Modflow's basic package input; see Modflow manual,

p. 4.9. Mod flow may be run either as a stand-alone program or from a dally watershed

sinulation program (Swat), using the option iopswt, described above.  To allow Mod flow

to be called from Swat via entry points Modflo, Modper, and Modstp, Modflow's looping

structures on stress periods and time steps have been converted from do loops to a more

primitive but functionally equivalent form using conditional jumps with counters, so as to

cireumvent Fortran compflers' normally justified prohibition of jumps into a do loop.

Flow of execution for modified Mod flow program structure:

begin
subroutine Mod flo (main entry point)

can Basldf to define grid size (rows, columns, layers), stress periods, options;
allocate array space (AL routines);
call Swblal (after Strlal) to allocate arrays for watershed-aquifer linkage;
read and prepare data that remain constant throughout simulation (RP routines);
if (iopswt > 0) return

for each stress period:
entry Modper:

define stress period length and divide into time steps;
read and prepare data that remain in effect for the stress period (RP routines);
call Swbllp (after Ghblrp) for watershed-aquifer linkage and pumping;
if (iopswt > 0) return

for each tine step:
entry Modstp:

can Swblfm (before Baslad) to set up conditions based on Swat's hydrologic
sununary;

call Bas 1 ad to advance time and initial hydraulic heads; calculate time step;
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for each iteration on approximate solution:
formulate finite difference equations: calculate coefficients (FM routines) ;
approximate solution;
end iteration on approximate solution;
calculate budget terms for mass balance (BD routines);
call Swblbd (after Strlbd) to summarize watershed terms;
call Baslot to optionally save and print results;
if (iopswt > 0) return

end tine step;
end stress period;
entry Modend

close files;
end.

Stand-alone Mod flow execution
In stand-alone mode, calling program ModMain, shown below, calls subroutine

Modflo, passing iopswt=O so that the complete structure of Modflow shown above is

executed before returning to ModMain.

program modnrain
data iopswt/0/       ! set option to run mod flow as stand-alone program.
data cnvtim /1./     ! time unit conversion factor (for calling MODFLOw from SWAT)

call MODFLO (iopswt, mxcurs, icursr, jkkopt, cnvtim, delt, kper, nstp, kstp)
stop

end

Definition of argument hit I)assed to subroutine Mod flo
Inthecaseofstand=aloneexecution(iopswt=0,above),onlyargumentsiopswt

and cnvtim need be defined by the mainline, as shown; the remaining arguments are

defined within the call to subroutine Modflo.  For combined Swat-Modflow exeeution

(iopswt>0), the argument hits for Modflo, Modper, and Modstp are the same, and are

defind as follows.

mxcurs:  max. number of pointers (more specifically, indexes that point) to beginning
locations of aITays within the x array; specifies dimension for array icursr.

icursr(mxcurs):  array of indices to arrays within Modflow's `k" array, and calculated in
Modflow's memory anocation routines.  This allows Swat (or other calling programs)
to reference any of the arrays allocated space within the x-array.  Note: inters (10) is
an internal version of array icursr that is equivalenced to the x-array indices for
convenient copying to icursr.

jkkopt:  option for defining recharge and tributary flow (see "Definition of options used in
the MODSWB package"); jkkopt is either read from balance file if iopswt=O or
passed from SWAT if iopswt=1.
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cnvtim:  conversion from Swat time units (days) to Modflow time units ITmd]; given by
cnvtim = tsec(itmuni)/86400  [days/rmd] ; tsec and itmuni are defined below.
cnvtiln is calculated in MODSWB subroutine SWB IRP and, if iopswt=1, is passed
back to Swat via MODFLO's argument hit on Swat's initial call to MODFLO.

itmuni:  time unit option (0-5); specified in MODFLOW's Basic Package input file.
tsec:       time unit length (sec) corresponding to itmuni as follows:

I.f77cz/7'ez.            tsec(z.f77cztrizl     time unit

0:                               1    undefined
1:                                  1    second
2:                           60   minute
3:                       3600   hour
4:                    864cO   day
5:              31536000   vear (365 davs)

delt:  time step IT]; not used until after the MODSTP entry point, but the argument hit of
the first entry point should contain all arguments of ensuing entry points.  For the
stand-alone option (I.opswr=0), time step and multipher are used as specified in
MODFLOW's basic package input file, i.e. standard input is default.

kper  index to current stress period;
nstp:  number of time steps for current stress period, kper;
kstp:  index to current time step.

Hydbal: summarizing Swat's hydrologic results for Modflow
The Hydbal package includes the subroutines PASSFLX, SWT2MOD, and

Mod2swt, which are caued by SWAT only for a linked SWAT-MODFLOW run, and

Hydbal, which is called whether or not Swat calls Modflow.  The Hydbal subroutines are

described in the context of their use by Swat.

Passflx:  get annual irrigation limits from Modflow for simulated irrigation in Swat
For each year, prior to beginning daily simulation, Swat first calls Modflow's entry

point Modper to define a stress period colTesponding to a calendar year, and summarize

the year's estimated irrigation use as a depth, based on input to Modflow's Well package.

Irrigation depth, d, is calculated for each subbasin, /., by d =cQ/Af/Aj, where gj =  total

pumping flow rate, 4 = subbasin area, and c = unit conversion factor for length and tine.

Swat then calls Passflx to retrieve this estimated irrigation use, which can be interpreted as

an annual constraint on irrigation by a modified version of Swat' s automatic irrigation

procedure.  If Swat and Mod flow are executed independently, these annual irrigation

depths can be read from Swat's ~.cod input file.
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Swt2mod: coDv Swat results to Modswb's SHED arTav
After ;imulating an aquifer time step (day, month, or year, based on option

iopmod, ~.cod input file) for a combined Swat-Modflow run, Swat calls Swt2mod just

prior to calling Modflow' s entry point Modstp to pass a hydrologic summary calculated by

Swat, including surface runoff, lateral flow, percolation from root zone, irrigation and

surface evaporation, to Modflow' s SIHD aITay.  If Swat and Modflow are run separately,

Modflow obtalns the hydrologic summary by reading the balance file written by Hydbal

Mod2swt: retrieve results from Modswb's SHED arrav for Swat
After calling Modstp, Swat cans Mod2swt to retrieve a hydrologic summary of

base flow and groundwater evapotranspiration calculated by Modflow from the Shed array,

to replace the values for these terms calculated by Swat in the balance file written by

Hydbal.  If Swat does not call Mod flow, the balance file includes the values calculated by

Swat for these terms.

Hvdbal: summarize Swat or combined Swat results
After simulating the days of an aquifer time step (and calling Modflow if

iopswt > 0), Swat calls Hydbal to calculate mass balances for the control volumes of

interest  and (2) write the hydrologic summary and mass balance to the balance file.  The

mass balances for soft, vadose zone, aquifer, stream, and total control volumes provide a

check on mass conservation in the colnbined Swat-Modflow linkage.  Specifics regarding

the contents and format of the balance file are described for Modswb; see "Input

requirements for Modswb."

Program Swbavg: representing heterogeneity within subbasins
Prograni Swbavg was written to represent spatial heterogeneities existing within

subbasins of a watershed by calculating areauy weighted averages of `thydrologic response

units" (I.IRUs), i.e. , the various soil types, land uses, and management practices existing

within each subbasin, in order to produce composite results from Swat to be used as input

for Modflow.  For each subbasin and time step of the simulation, the areal fractious

corresponding to its HRUs, i.e., components of the watershed' s spatial heterogeneity, are

calculated.  These areal fractious represent weight functions that are distinct for each
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subbasin, and are used to calculate a weighted average over the HRUs for each hydrologic

component (SHED vectors 10-20 in the balance file).  For each HRU, or component of

the watershed's heterogeneity, a separate case of the watershed model is simulated by

Swat, for which au subbasins of the watershed are assumed to be homogeneous in the

characteristics of that HRU.

Program Swbavg is inustrated by file swbavg.inp for the Rattlesnake Creek

watershed.  In this example, each HRU corresponds to one of 15 combinations of five soil

types and three land use-management schemes used to represent The five soil types are

represented by Hamey, Pratt, Tivoh, Naron, and Carwile.  Land use and management

practices are represented by three schemes: wheat, sorghum, and fallow rotations with no

irrigation ("wsf'); irrigated com ("ire"); and range and pasture without irrigation ("r/p").

The initial table of weight functions used to average the HRUs are shown in the table

below: the 29 rows correspond to subbasins, and the columns from left to right

correspond to 15 HRUs associated with the order in which names of the balance files are

read from the ffle.

Whereas areal fractions of soil types within each subbasin are naturally fixed with

respect to time, their land use areal fractions vary from year to year.  To represent this

land use change, the initial table of weight functions is updated every five years.

Input data requirements for Swbavg are described below, and are summarized as

follows.  Line 1 shows the name of the hydrologic balance file that is to be written by

Swbavg containing the averaged results, and which can be read in a subsequent run of

Modflow.  In addition to this file, Swbavg writes a summary file containing an areauy

weighted average over all subbasins for each hydrologic component.  Line 2 of the file lists

the years in which the set of weight functions is to be updated, primarily reflecting the

change in land use over time.  Following line 2 are the names of fifteen hydrologic balance

ffles previously written by Swat that represent the HRUs to be averaged.  This fist is

followed by an initial set of weight functions for each of 29 subbasins, used to calculate

averages for each hydrologic component in each subbasin.  This initial set of weights is

updated in the years shown in line 2 by tables of weight functions (not shown) following

the first set of weights.

17



For each hydrologic flux (SHED vectors 10-20) in each time step and subbasin,

the corresponding weight function is used to calculate an average over au 15 HRUs read

from the balance files; the results are written to file spp60-91.bal, which is written in the

same format as the component balance files, so that it may be read by Mod flow to

represent a weighted average of the spatial heterogeneities in the Rattlesnake Creek

watershed.  The code in Swbavg that reads the component balance files and writes the

average balance ffle was adapted from the code in subroutine Swb 1 fin of the Modswb

package in Modflow used to read balance files.

The following input instructions are iuustrated below by file swbavg.inp;

corresponding input records are identified as lines 1 -6.
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Inl)ut data requirements for Droeram Swbavg with examDle file swbavg.inD
1.          Number of subbasins, HRUs, years, weight function revisions, output file name:

read  ( in, * )  ziwshed,ncond,map.r, nrevis, iopsub, outbal (1

Definitions for line 1 :
nwshed: no. subbasins
ncond:  no. component cases (HRUs) represented by balance files written by Swat to be

averaged (the number no. of combinations of soil types and land use-management
schemes;

nper:      no. years of study
urevis:  no. times the initial table of weight functions is updated;
iopsub: option to either (yes= 1 ) specify a separate weight function for each subbasin; or

(no=0) specify one weight function to be applied to all subbasins.
outbal:  name of output balance file containing average of the HRUs; enclose name with

apostrophes for free format input.

Years of revisions:

1f   (Ilr®vig.grt.0)   read   (ill,*)   (irevyr(i),i=1,nrevis)

irevyr(i) = beginning year for each revision of weight functions, i from 1 to urevis'//

3.          Balance file names for component cases (HRUs):
For each component case k=1,ncond:

read   (in,*)   condnm(k),   iz)pbal(k)

(2

(3

condnm = identifying name ( 10 characters) for each component case (HRU);
inpbal    = name of balance file (up to 30 characters) written by Swat for each component

case (HRU); enclose with apostrophes as shown.

4-6.      Tables of weight functions:  In the first year (not specified) and in subsequent years
(given by line 2), read weight functions.  For each table of weights, read two lines of
headings: one to identify which set of weights is being read, and one to associate columns
of weights, from left to right, with the order in which the balance fiiile names are read.

Following the header lines is a table of weight functions given as percentages; i.e.,
each row should add to  100 pet  If iopsub=0, only one weight function is read, which is
applied to all subbasins.

read   (in, I (a) I )  wthdg
r.ad   (in, I (a) I )   wEhdgr
For each subbasin j= 1,nwshed:

if   (j=1  or  lopBub>0)   r.ad  (in,*)   (cozidut(j,1c),ic=1,ncond)
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ExammDle:DroeramSwbavginDutfileswbavg.inD-  Ins-tru6tious for tri fil-e are given ab6ve:

29,15, 32, 6,1, '.pp60-91.hal ' ,         "rehod,ncond,I)per,zir.vlB,lop.`ib,outfll
1965      1970      1975      1980      1985      1990
I I.zm.y-v.I t , ' CW-H .b.1 I
' Harrmey-1rc ' , ' IRC-H . bal .
I tlarncry-I/p ' , I RE.-H . b.I '
'Pr.tt  -vlif I , .CW-I.bal '
•Pratt   -1rc I , . IRC-P.bal '
•Pratc  -r/p' , 'RP-I.bal.
I TivolL-vflf ' , . CW-I .b.I I
I Tlvoll-1rc ' , I IRC-I .bal I
I Tlvoll-r/p I , . RP-I .bal .
I llaron  -vet . , I CW-N.bal I
'Naron  -1rc ' , I IRC-N.bal .
'Naron  -r/p . , -REl-N.bal I
I Carull-tiref I , I CW-C .bal .
I Carvll-1rc . , I IRC-C .b&l I
I Candl-r/p I , I RP-C .bal I
no=nall=ed  v.1ghtfi  from  b.qrlnnlzig  y.ar  (zi.]Et  r.cord  1.  colunzi  h..a.I) :

1        2         3           4         5         6           7         8         9         10      11      12
79         1      20           0         0         0           0         0         0           0         0         0
76        4     20           0        0        a           0        a        a           a        a        0
27         0         8         19         3      14        17         a

00
00
1
1
1

201
381
321
372
322

Modswb: a Swat-Mod flow connection
Modswb associates the subbasins defined in Swat with aquifer grid domains, and

watershed outflows with the stream network defined in Mod flow; updates water rights

appropriations for each subbasin at the beginning of each stress period; maps hydrologic

fluxes calculated by Swat onto the aquifer grid, and summarizes for each subbasin the

fluxes relevant to Swat' s hydrologic balance.  Options affecting Modswb execution are

summarized below; for details of implementation, see source code in Appendix D.
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The Modswb package consists of subroutines Swblal, Swblap, Swbl fin, and

Swblbd, and is used to connect Modflow's stream-aquifer model to a watershed

hydrology model, which is provided by Swat (Amold et al., 1990) for the Rattlesnake

Creek watershed.  "Modswb" is an acronym for Soft Water Balance, referring to the

hydrologic summary of Swat's results written by subroutine Hydbal.  Modflow's basic

package input file invokes the Modswb package by setting the Basic input variable

iunit(6) > 0.

Modswb subroutines Swblal and Swblxp obtain input data regarding array space

rrequirements, options, and connections between the watershed, stream network and

aquifer grid from the Swb input file; see, e.g., file repub.swb.  If Modflow is run as a

stand-alone program, the last record of the Swb file provides the name of the balance file

written by Hydbal, e.g. repub.bal; the Swb and balance input files are described below.

SWBIFM reads a hydrologic summary for one time step.

Swbl al: memorv anocation for Modswb
At the beginning of the simulation, Modflow calls Swblal to read the first record

of the Swb input file to define options and allocate memory in Modflow's common x

array, conforming to the conventions used in the memory auocation subroutines for

Modflow' s standard packages.  Key memory requirements are provided by the Shed array,

defroed above.

SwblrD: subbasin-aauifer grid connections and annual irrigation water use
At the beginning of each stress period (year), Modflow calls Swbllp.  In the first

stress period, Swblrp reads the Swb ffle to define the following:

(a) associate the outflow from each subbasin of a watershed with tributaries that flow into

a stream network specified by Modflow' s Streani package;

a)  map the gcographical extent of the watershed' s subbasins onto the gridded aquifer

domain specified by Modflow's Basic and Block-Centered Flow packages;

(c) If the Evt package is invoked (see also option ievopt, below), calculate an initial

evaporation rate from the water table for shallow nodes;

21



(d) Swblrp also reads a length conversion factor, cnvlen, and calculates a tine conversion

factor; both are used in Swblfin to convert Swat depths to Modflow flow rates, and in

Swblbd to do the reverse.

For each stress period (representing a year), Swblxp summarizes pumping

specified by Modflow's Weu input for each subbasin, which is used to assign pumping for

each time step in Swblfro  On a combined Swat-Modflow run, pumping as a depth for

eeach subbasin, Shed vector (9), is calculated just prior to entering the daily loop in Swat,

and is retrieved for Swat by subr Passflx, to be used as an annual limit on irrigation if

Swat's option iop]im > 0.

Swblfin: sDecifv triibutarv flow. recharge. Dotential evanoration. and irrigation

For-eaciaquifer;imestep(day,in;nth,oryear),Modflow(orModstpfromSwat)

calls Swblfro to transform hydrologic results from Swat into the conditions for

Modflow' s solution.  For stand-alone exeeution, Swblfin obtains Swat' s results by

reading the balance file into vectors 10-20 of array Shed; otherwise, Swat's results are

copied to aITay Shed in subroutine Swt2mod, part of the Hydbal package.  Swblfin

calculates the aquifer time step for Modflow, given by delt = dtswat/cnvtim, where

dtswat =  the number of days in the time step (passed from Swat), and cnvtim = Swat-

Modflow time units conversion factor (passed from Swblap).  The following conditions

for Modflow are defined in Swblfrn:

Tributary flow (subbasin outflow)

Subbasin outflow, SHED(22), as a depth for each subbasin is defined as a sum of

surface and subsurface flow according to option jkkopt.  It is assigned as lateral inflow to

the stream network as STRM (18) in the STREAM package.

F]echarge

Groundwater recharge, SHED(25), as a depth for each subbasin is a combination

of hydrologic components from Swat subject to Swat option jkkopt.  Its distribution in

Modflow' s recharge package array RECH within each subbasin can be specified according

to Modflow option ioprch.
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Potential evaporation from water table

Maxinum water table evaporation rate, array EVTR in the Evt package, is based

on potential evaporation, SHED(21), if Modflow option ievopt > 0; otherwise, array

EVTR is specified by Modflow input to the Evt module.

Irrigation

Irrigation depth assigned by Swat is assigned on the basis of either schedules (in

~.mgt files) or a threshhold on plant water stress (set in ~.mco files); water stress is

defined as the fraction of potential plant water evaporation that is available from the soft.

In addition, Swat's irrigation assignment is subject to a daily limit and, if option

ioplim > 0, an annual limit.  Option ioplim and the daily and annual linits are specified in

the added Swat -Modflow coordination section of data in Swat's ~.cod input file; except

that if Swat calls Modflow, the annual limit on irrigation depth is retrieved by subr Passflx

after Swat calls Swblrp at the beginning of the year as described above.

Groundwater pumping rates for Modflow depend on Modswb option irropt as

follows.  If iITopt = 0, the pumping rates are specified by Modflow's Weu package input

file, and are independent of Swat's results.  If irropt = 1,  the pumping rates given by

Modflow's Wen input ffle are scaled according to the irrigation depths in SHED( 11)

assigned by Swat.

Swblbd: summarize evaDoration from water tal]le and base flow
After the aquifer equations have been solved in Modflow, Swblbd is called to

summarize results relevant to the watershed model' s hydrologic summary as fonows.

Evaporation from water table

Evaporation from the water table is summarized in SHED(18) as a depth for each

subbasin, is based on array EVAP calculated in the Evt package, and replaces Swat' s

calculation of "revap".  Average depth to water, SHED(23), is also calculated for each

subbasin.  If Modflow's evaporation (Evt) package is invoked, the maximum evaporation
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rate is set by array EVTR according to option ievopt (see Swblfin above); otherwise, ( 18)

and (23) are not calculated, and Swat's version of (18) is retained.

Base flow

Baseflow from aquifer to stream, SHED(19) as a depth for each subbasin, is based

on the negative of streambed leakage from stream to aquifer, given by STRM( 11) in the

Streani package, and added over au stream reaches within the subbasin,.

Input requirements for the Modswb package (SWB and balance files)
The following SWB input section numbers 1-9 refer to entries in the example input

file, repub.swb.  The SWB input ffle is read by subroutines Swblal, Swblrp, and Swblfin
of the Modswb package.  For stand-alone execution of Mod flow (iopswt = 0), Swblfln
then reads the balance file repub.bal, which is listed after repub.swb, below.

Swblal (at the beginning of the simulation):
1. Number of subbasins; options for irrigation, evaporation and recharge; other inputs.

r.ad  (in, *)  nwghed,noutfl,ngolls,mxglay, irropt, i®vopt, ioprch

Defhitions:
nwshed = no. subbasins in watershed;
noutfl = total no. streams leaving subbasins; now require that noutfl = nwshed.
nsoils = no. soils; each subbasin is assceiated with 1 soil type.
mxslay = max. no. soil layers
Options irropt, ievopt, and ioprch are defined above.

Swblxp (caued for each stress period):
In only the first stress period, read watershed-aquifer correspondence data from the

~.SwrB file that remain constant.

2. list of tributaries and the subbasins from which they flow: Read nst heading and then list
of nwshed records numbered 1 through nwshed, i.e. one for each subbasin.  Since the
model is now restricted to one outflow per subbasin, this nst is unnecessary but is read
to avoid changing the input file.

r.ad  (1n, I (1x,a) I )   record           ltabl®  heading
do  1=1,zlwBh®d

read   (in, ' (a) ')   record         ln`rmb®r  thee.  r®cordB  1  to  zlwBbed.
end  do

3.length conversion between Swat and Modflow: Swat calculates hydrologic fluxes (flow
per unit area) in units of depth (mm); use cnvlen to convert from mm to Modflow's
length unit L, corresponding to flow rates [L3IT]; e.g. cnvlen = 304.8 mm/L for
Modflow length unit L= 1 ft and corresponding flow rates (cfs).  Similarly, subroutine
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Modswb converts Swat time units (days) into Modflow time units by cnvtim =
tsec(itmuni)/86400 (days/Modflow tine unit), where itmuni is Modflow' s tine unit
input option specified in the input file for Modflow's Basic package.

read  (in,*)   cnvlen             I   (a.gi.   cnvlen=1000  in/n,   or  304.8  in/ft)

4. Basin area and subbasin areal fractions: these should be the same values read by Swat,
except that SWAT reads the basin area in km2, and bsarea should be in Modflow's units
of[L2].

read   (in,*)   bgar®a,    (gh®d(1,i),i=1,nwshed)

5. soil id for each subbasin (read but not used):

read   (in,*)   (ished(4,i),i=1,nwshed)

6. for each soft, number of layers and depth to bottom of each layer (mm) (read but not
used),

do  l=1,ngoilg
r.ad  (in,*)  nlsoil,   (zsoil(j,i),j=1,nlgoil)

end  do

7. location of subbasin outflow on the network defined by the Stream package:
First, read two lines of headings for location of subbasin outflow.  Then, for each

subbasin, j = J to nwshed, read subbasin and tributary index (both equal to index/.),
and the segment and reach of the stream network as defined by the input file for the
Strean package.

do  j=1,2
read  (1n, ' (1x,a) I )   r.cord

end  do
do  j=1,nwBh.d

12  tabl.  h.ading  r®cordB

read  (in,*)   j,j,idxs.g,idrErch    I  r.p.at®d  I)ubbaf)in  index,   j;   stream
s®gm.nt  azid  r.ach.
end  do

8. correspondence between subbasins and aquifer nodes: This is a 2-D integer array,
ibshed, that is read according to Modflow's convention used for the ibound array in
the Modflow's basic package input file (see Modflow manual).  Each nonzero entry in
the array is an integer, /., in the range [ 1, nwshed] to associate the grid cell with
subbasin/..

r.ad  (in, ' (2ilo,a20,ilo) ')  locat,  iconst,  £mtbnd,  iprn
ao  lr=1,nrow

read  (in,fmtbnd)   (ibsh®d(lc,ir) ,ic=1,ncol)
end  do
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Swblfm (called for each time step):
9. For only the first tine step of the first stress period (kkstp = kkper = 1), Swblfin reads

the hydrologic balance file name. Swblfin then closes the SWB input file and opens the
balance file (e.g. repub.bal, below) and reads its first two records.

Balance file input: For a stand-alone run of modswb95 (iopswt = 0), Modswb reads the
balance input file according to the instructions below, just as it was written by Swat's
subroutine Hydbal; otherwise (iopswt >0), this information is passed from Swat to
Modswb' s SHED array by subroutine Swt2mod, part of the Hydbal package.

For only the first time step of the first stress period:

if   (kkgtp.eq.1   .and.  kkper.eq.1)   then
read   (in,I(a)I)   nambal     lhydrologic  FLUE  file   (~.bal)

SWBIFH  then  clogeg  the  ~.gwb  file,  opens  the  ~.bal  file,
and  continue  reading  as  follonr5:

read  (in,*)  nyrs,  iyr,  1utot,  jkkopt
read  gubbagin  flu[  input  foz:mat:

read   (in, I (a) I )   fmtswb
end  if

I~.bal  file  record  1

l~.hal  file  record  2

For each tine step of each stress period, read file records until one is found containing the
phrase `hydrologic balance'.  From that record, extract the SWAT time step, dtswat
(days); divide dtswat by cnvtim to convert dtswat into a Modflow time step, delt.

read   (in, ' (t53,10i8) I )   (id][,j=1,nwBhed)                      columlL  heading

Bubbasin  areas  giiven  as  fractions  of  basin  area:
read   (in,220)   avgrval,   (subval(j),j=1,nwghed)

220   format   (fl5.3,t53,10f8.5/, (t53,10f8.5))

noncontributing  areaf)  giiven  as  fractions  of  subbasin  area:
read   (ill,225)   fpd, (shed(8,j),j=1,nwshed)

225   format   (t39,f8.5,6x,10f8.5/, (t53,10f8.5))

active  gridded  area  as  fractions  of  subbasin  (calc.   in  HODSWB) :
read   (in,225)   avgrval, (subval(j) ,j=1,nwshed)

Read hydrologic fluxes calculated by Swat for an subbasins:
do  i=10'20

read  (in,fmtgwb)   idx,  coltxt,  swtflx(i),  flxdev(i),
( ghod ( i, j ) , j =1, ziwshed)

end  do

[elid  of  reading  balance  file  written  by  SWJIT  for  iopswt=0]
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Example:  input file repub.swb for Modswb
9     9     3  10     1     0     1    nwfih.a  zioutfl  neollB  zilna]E  lrropt  i.vopt  irchop

wac.r8h.d:  no.  trlb8  azld  ld®ntlfl.r8   (5x,15,10i5)
loll
2e12
391
4n1
5n
6n
7n17
8918
9n19

304.8,   365,   czivl®n   (zm/ft),   dayBtp   (day./yr)
27.6589®9,    .22015,.04909,.20435,.08729,.05282,.08247,.10945,.11788,.07649,   blareti,fro

1,2,2,3,2,2,2,2,2,    (i8b.a(4,i),i=1,nwghed):   ®oll  id  for  each  Subbagln
4,10.,457.,1219.,1524.,             C&rr   (I(j,1),j=1,n8)   depth   (in)    (10£8.3)
4,   10.,178.,914.,1524.,               Cr.t.
4,   10.,203.,457.,1524.,                Kipgon

wat®rfih.a  outf low with  corr.Bpondlbg  str.an,  aq`ilf®r  nod.  and  wat®rgh.a
trlb  eh.a    fl.g    rch  trlbutar]r  (4i5,1x,a):

1          1          1       25   Salt  Cr
2          2          1       20  Oak  cr
3          3          1        31  Elm  cr
4          4          1       37  Elk  cr
5         5         1      46  Scrlbn.r  cr
6          6          1        46   ParBong  Cr
7          7          1       51  P.at8  Cr
e          8          1        68   Flv®  Cr

r    a        elde
416n
614e
6218
524n
7   30              fl
730n

11   32             a
2136              e

9         9          1       71  mintr.a.  Cr   (Spring  &  Dry)   2137           a
66                        1   (3912)                                                          2                Lveh®d.nod

0000
0000

00000
r®pub.b&|

1111
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Example: input file repub.bal (first time step,  1  year) for Modswb
18  1977         9         0  Ill.  c.rr-1r®.bal

(25x,13, a, 2£7 .1,10f8 . 2/ , (t53 ,10f8 . 2 ) )
balttl  =  1977  1ndtlall=.  8ubr  rmELII,
b.flttl  =  azizLual

365.   (dayB)       1977  annual  hydrologic  balaz)c.:
1d  So  V-  Jlq  St  To  Sb  Bag  Sh  coDpon.nt      sean    ltd  a

2569.GOO  h**2  ar.a    fractlozi.:
pozLd8   (.r.al  fr.ctlon.) :                              0.01994
actlv.  grldd®d  fractlozL:                               0.12599
110      0      011        Ilo        PREC  XH     993.4
210   -10      a   22        OIL           IRE  )Df     136.1
3   -10      0      0   -112        712             =TID(     868.9
4   -1     o      o      1      a     4        313        stmQ]Df     loo.e
5     o     o     1     o     113     3814     Tress  ]of          3.e
6   -10      0     c      0     5        415        IATQ]O(          a.3
7   -110      0      all        516        PERC  HH     192.9
8      o   -110      a      910717        OWRE  ml     192.9

1234567
0.22015   0.04909   0.20435   0.08729   0.05282   a.08247   0.10945   0.11788
0.03130   0.00310   0.00640   0.02680   0.00210   0.00000   0.01310   0.04139
a.07325   a.20532   a.23676   0.0923e   O.20991   O.Oi222   0.08288   0.02565

107.51035.10
6.1      137.52

24.9      8®5.77
39.6      124.66

1.7           3.29
0.1           0.38

53.8      192.70
53.8      192.70

895.30
133.12
834.88
63.53
5.23
0.15

166.60
166.60

1113.80
127 . 01
859.75
152.81

6.80
0.29

265.51
265.51

9      a      0   -10   -1710518           E`=V)D[           6.1           6.3           9.42        22.36           8.70
io      o      a   -110      610419        awQ  mi           5.1           9.6           6.79        27.36        12.86
110      010116      20   20        PSI=P  IDI           2.5           2.2           4.67           0.87            1.18
12      0      0      a      0      a   25108   21
a.lane.fl :

1
2
3
4
5

vac.I yl.ld:
1

855.70
133.11
842.52
55.67
3.43
0.43

122.57
122 . 57

0.00
6.04
1.92

855.70
133.76
851.06

48 . 57
2.06
0.37

121.23
121.23

17 . 72
-23.96

a.36

855.70
133.46
839.14
50.74
1.42
a.25

130.07
130.07

0.00
6.34
0.00

855.70
145 .19
850.67
51.56
3.25
0.19

132 . 05
132.05

2.11
-0.32
0.00

1079 . 60
142 . 80
910.92
111.52

2.64
0.44

232.32
232.32

a.00
1.01
6.01

FTpor  in  1367.5        34.7   1371.68   i3o6.96   1322.86   i347.39   1393.oo   1373.94   1375.39   1422.ig

•oil                     -33.5           2.5     -30.90     -36.74     -37.56     -32.37      -31.76     -31.03      -33.58
vados.                     0.a           0.0           0.00           0.00           0.00           0.00           0.00           0.00           0.00
•quifer               49.3        54.a        42.27     -11.01     123.73     -13.16        -4.22        -8.32     -11.68
gtr.an                104.3        43.3     127.54        90.84     164.99        60.63        24.86        57.33        50.75
ccutla.d          124.7        94.0     147.87        44.16     253.33        18.52     -10.65        17.98           6.17

10        6                wirro  )o[        95.3        37.e      118.21        58.27145.63        51.25        46.77        49.57        48.33
Copblned  Swat  flu)I.I  for  Hodflov:   Jkkopt=O
owR=  =  Qtrazle_1o..  +  Qp.rc_rz  +  QpozLd_e®.p;
e`ibbaeln  outflorir  Co  .tr®ang  =  c*(Qlat  +  Qsurf)
Ow I.charg. :
Trlb`ic.I:]r  flow:
1977  avig  t.iilp.r.Cur.,   C:

1977approprlatlozl  (D) :
1977GW  pump.a   (in) :
1977GW  appllcatlons :

-32.79
0.00

91.14
loo.34
177.39

lot.91

0.00                      ZOO.66      172.70      273.49      127.91      123.65      131.48      135.30      241.03
0.00                      125.04         63.68      153.11        56.09        48.93        50.99         51.75      111.96

12.8           a.5           12.5           12.5           12.5           12.5           13.1           13.1           13.1

43.3

13.7
115.00      115.00      115.00      115.00      115.00      115.00      115.00      115.00
137.52      133.12      127.01      133.11      133.76      133.46      145.19      142.80

31                41                40                51                53                 51                50                49

28

9
0.07649
0.02827
0.25037
1079 . 60
142.85
903 .16
113.18

3.43
0.27

239.72
239.72

0.00
-2.52
4.08

1416.17

-33.88
0.00

102.82
107.72
183.95

107.03

247.22
113.45

13.7
115 . 00
142 . 85
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Surface water diversions
In the original conceptualization of the Rattlesnake Creek Basin computer model

to which SWAT and MODFLOW were to be applied, diversions from surface water, i.e.,

from streamflow, were omitted, since they were considered to have only a minimal impact

on streamflow, and because the computer model lacked the capability to represent thelli.

The computer code that combined SWAT and MODFLOW for a model of the Rattlesnake

Creek Basin is referred to here as SWATMOD.  However, the computer model of the

Rattlesnake Creek Basin was run under the control of a program referred to as a Decision

Support System (DSS), which provided a graphical user interface that was used to specify

simulation conditions, translate these specifications into input files for SWAT and

MODFLOW, and extract sinulation results from MODFLOW for plotting, including

contour plots of changes in hydraulic head distributions.

As part of a concurrent project to model the Lower Repubhcan River Basin, a

computer code also based on SWAT and MODFLOW was developed, referred to here as

SWATMOD2. As part of this code, the SURFACE package was written to be called by

MODFLOW.  The SURFACE package provided an operational model of irrigation that

could be supplied by both ground and surface water rights, represented by the WELL and

SURFACE packages, respectively.  The area of the basin under irrigation according to

DWR water rights records and monthly irrigation demand specified as a depth by SWAT's

simulations for each subbasin were used by the MODSWB package to determine the total

iITigation demand as a flow rate for the basin.  This total monthly demand was supplied by

distributing it over both ground and surface water rights appropriated for irrigation.  This

irrigation model and its apphcation to the Lower RepubHcan Basin are described in

Volume  1 of the study report (Sophocleous et al.,  1997b) and in Perkins and Sophocleous

( 1999); the SURFACE package is documented in Volume 2 of the study (Perkins and

Sophocleous,  1997).

In a more recent application to Walnut Creek Basin, a computer code for a

comprehensive watershed model was developed based on MODFLOW and POTYLDR

(Koelliker,  1994), which was used to replace SWAT's functions for daily simulations of

watershed hydrology.  Monthly irrigation demand is specified by POTYLDR and
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distributed over both ground and surface water diversions using a version of MODSWB.

For this computer code, MODFLOW's WEEL package was modified to represent both

ground and surface water diversions, a change that elininated the need for the separate

SURFACE package, simplifying both the computer code and input data preparation.  The

development and application of the computer model to Walnut Creek is described in

Sophocleous and Perkins (1998).  Documentation of the computer code for this model,

including the interface to POTYLDR and the modified WELL, STREAM, and MODSWB

packages, win be forthcoming in 1999.

Surface water diversions in Rattlesnake Creek Basin

Questions arose during the Rattlesnake Creek Basin study regarding the effect of

seasonal diversions from Rattlesnake Creek to fill ponds, which occurred primarily during

March and from August through October.  In order to consider this effect, but without

incorporating a model of surface water diversions into the code for SWATMOD and the

DSS, the code developed for the Republican River Basin model was used for the limited

purpose of modeling surface water diversions to fill ponds.  This was done in the

fonowing steps.  First, a version of the base case developed for the Rattlesnake Creek

model was run under SWATMOD2, the Republican River Basin code, requiring some

minor input data changes due to format incousisteneies with SWATMOD.  Once the base

case simulation was shown to be the same under both SWATMOD and SWATMOD2, a

variation on the base case was set up to include surface water diversions.  The input data

descrfuing these diversions are included in the example below.  For more complete

documentation of SWATMOD2, see Perkins and Sophocleous ( 1997).

The SURFACE package for SWATMOD2 represents surface water diversions

similarly to groundwater diversions.  They are represented as lateral outflow from stream

reaches with which they are associated.  This is the sanre mechanism used in MODSWB to

represent runoff from the watershed as tributary flow, which is associated with a particular

stream reach as lateral inflow for each subbasin.  The net lateral inflow due to the sum of

tributary inflows and surface water diversions is incorporated into streamflow by a

modified version of the stream routing procedure in the STREAM package.
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Surface water diversions are specified for each stress period, corresponding to a

calendar year.  The pumping rate for the diversion is constant over the year unless the

diversion is specified to be for irrigation or to fill ponds.  For the Rattlesnake Creek basin

model, only the pond-filling diversions are represented.

Diversions to fill bonds
This special t}pe of surface water diversion is indicated by "p" in the field for

water use type in the input data file (see definitions of input data).  The annual water use

for each of these diversions is assumed to be auocated in the four months of March and

August-October.  The average flow rate during each of these months is given by the

product a.r, where a = annual pumping rate specified for the diversion, and

r = 365/(31+31+30+31), the ratio of days in a year to days in this four-month period.  In

the remaining eight months, r = 0.

ExamDle: added data for base case (1955-1994` to include surface water rights
MODELOW as modified for use with SWAT to simulate the Lower Repubhcan

River Basin, was also used to simulate the Rattlesnake Creek Basin for the limited purpose

of examining the effect of surface water diversions.  The use of the SURFACE package

included in SWATMOD2 for the Republican RIver basin to simulate the Rattlesnake

Creek Basin is documented below.  SWATMOD2 is exeeuted as follows:

modswb96 esrfe96.rsp >srfc96.jnl

For this run, file srfc96.rsp, fisted below, contains the redirected keyboard

responses to MODFLOW' s queries for case name and names of files associated with

packages invoked by input for the Basic package; modified or added packages are shown

in bold type.  Redirected terminal output is written to file srfc96.jn], providing

diagnostics for the base case simulation.  MODELOW's standard output is written to file

srft96.pin (the extension ".pin" is appended to the case name "srfc96")..

File srfc2.rsD:

®rfc296
erfc
x33®_3Ib
rttllELk2
626
xO
626c&1
a.w5695

Cal®   naD®
.b&.  unlc
.bcf  ualt
.vel  ualt
.rlv ualt
.®vt  unit
.|wb  unit
'ghb  ualt

(-.loo,   -.pra,   -.I,p)
1  Honchly  B..Lc  p-ckaqi.

61  Block-c.nt.I.d  flow
62  W.11:  groundvet.r  u..
63
65  b.potraneplr.tlozL
66  Soil  vat.r  b-lance
70  g.zi.I.liz.a  bound.ry  condltlong



02vegt
trazl8
Crazll2
2=ozl®a3
rat-®rf2

.rch  unit    64  R.charg.

.Sip  uzilt    68  .trongly  impllclt  fiolv.I

.oc    unit    69  Output  control

.fitr  unit    67  monthly  Stmfloor,   Kfl=0.54  ft/day

.v.I  unit    71  Surf :  eurfac.  wac.r  ue®

Basic Package inDut data changes to invoke added Dackages
Line 4 of input requirements for the Basic package was modified to allow added

packages to be invoked.  Except for Line 4, input requirements for the Basic package are

the same as described in the MODELOW manual (MCDonald and Harbaugh, 1988).  The

following additional packages are to be invoked to simulate the Rattlesnake base case with

surface water diversions using SWATMOD2 :

(a) The Soil Water Balance (SWB) package connects hydrologic flow paths from a

watershed, calculated on a daily basis by SWAT (Amold et al., 1990), to groundwater and

streamflow represented by MODFLOW (MCDonald et al , 1988).

a) The SURFACE package represents diversions from streamflow for irrigation.  This

package is analogous to the WEIL package in its input format and operation.

The modified format for line 4 follows.
4.   Data:   1`izilt(24)

Fo-ts  2413
(bcf  wel  drn  rlv  evt  ewl>  9hb  rch  elp  peg  eor    oc  str  Brf )

1ndo]E                abbrov   packag.
baa         basic
bcf         Block-center.a  I low
w®1            Well
drn         Dra lzi
rlv        Rlv.I
•vt          Evapot razL8p i rat 1 ozi
•wb         Soil  wet.I  balazic.
ghb        a.a.ral  head boundary
rch         R. charge
elp         Strongly  lnpllclt  golv®r
pcg         Pr.condltlozi.d  conjugate  gradl.nt
fior         Succ.8elv.  ov.rr.1axatlozi
oc           output  cozitrol
ecr         Str.aD
srf         Surface  wac.r  dlv.relone

In the fouowing partial listing of base case input file srfc.has, line 4 identifies the

packages invoked according to the above definition.  This input file also defines aITay

IBOUND, the boundary conditions and the active domain of the solution; array STRT, the

starting heads for the solution (only the frst row of the array is hsted); and the duration (s)

and number of time steps for each stress period.
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Basic Package inDut file examDle

Pr.-a.v  trap.iont   -60-.60  PWR  R.ttl.flziak.  Cr..I  1/12/96  v/  twat:   6060.wac.ba.

1                     47                   190                     40                        4
61   62      a   63   65   66   70   64   68      a      a   69   67   71

(1
(2
(3
(4

At the beginning of each stress period tyear), the following data are read for each

surface water diversion.

layer,row,colurm;
annual estimated use for year, Q (cts);
Annual appropriation, Qwr (cfe): multiplied by annual water use fraction frcuse to

estimate water use for scenarios;
Distance to stream dsstrm, corresponding stream reach index idxrch, and water right

application number iappno are used in water scenarios as described below.
DWR use code (wriise = 3 indicates irrigation);
Index iwr associates wen with nsts of water rights (vol.1, App. 382) and weus

included in November 1994 water level survey (vol.1, App. 383).
grid coordinates to precision of .01 as fraction of cell width (rwr, cwr);

Both annual estimated use Q and appropriation Qwr are specified for each

diversion.  With option itmp = -2, annual use can be estimated from appropriations for a

previous stress period by Q = frouse.Qwr, where frcuse =  the water use fraction for the

current stress period.  This option is used to estimate annual use for each surface water

diversion for management scenarios the same way it is applied with the modified WEIL

package by multiplying its appropriation for 1994 times the water use fractious estimated

for futue years.

As with the modified WEIL package, surface water diversion flow rates are scaled

and selected on the basis of application number iappno and distance to stream dsstlm

according to management scenarios 1-11 (Sophocleous et al.,1997, vol. 2), which are

specified by input options iadcod and welmpy in the SWB package input file.

InDut instructions for the SURFACE Package

For  ..ch  elnulatlon   (SRTIJLI.) :
1.            Data i            MREBURF , ISRFCB

rornat i      (2110 )

For  ..ch  etr...  p.rlod  (SRTIRP) s
2.         Oat. :         ITMP,1]rrfirf, £rcu ..,. ccvr

Fomat!      (2110, 2flo. O)
C
For  .-ch  8ur£.c.  VAter  rlqiht   (SRFIRP) i   1tcol  1zi  bold  .r.  r.q`ilrod.
cO  II=1,NstJRTS
3.         Data:         lay.r, roilr, colunzl, Q, Q`irr, deetm,1fltrch,1vr]rr,vr`ie., =vr, cwr,vrlght
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ro=mt:      (3110,3flo.O,215,1x,.1,2f8.O,1x,a)

Definition of input data for the SURFACE package

IIlne  1   (for  ..ch  elnulatiozi) .
MXst7RF   i]raxlnun  ziunb®r  of  .urfac.  wac.r  dlv.rfllozie  ufi.a  at  &zry  tlm®.
ISRFCB   fl.a:  print(<0)   or  .av®(>0)   c.ll-by-c.ll  flow  rates.

I.1ne  2   (for  ®.cb  .tr.B8  p®rlod) .
Ira     fl.g:

>  0:  NstJRFS  =  Imp,   flurf.a.  w.tor  dlv.rsione  actlv.  lzL  Chle  etr.e8  period.
<  0:  ue®  data  from  th.  pr.vloue  I)tr..a  p.rlod,  vlth  th.  followlzig  exc.ptlon.
=-2:  Th.  a..1gaed  pumping  rat.  for  .ach  dlv.r41on  durlzig  a  glvon  tin.  et.p  lf)  bat)®d

on  th.  dlv.rglon'.  approprlatlon  Qwr  (Lln.  3)   Eip.cl£1ed  in  th.  pr.vlou.  Btresf)
p.rlod.    JLe  lzi  th.  W.1l  pack&g®,  thl.  option  18  ue.a  to  ecal.  the  p`inplng  rat.  1n
each  tin.  .t.p  to  Supply  lrrlgatlon  d.nand.

1]rrBrf   c&1.I)dar  year.
frcuB.   total  .fitlnat.a vat.r  uf!.  Ie  a  fractlozi  of  approprl-tlons;  thlg  le  b&®.d  ozl

analyf)1f!  of  wac.r  ufl.  r.porce  avallabl.  for  y®arB  1980-1993,   azLd  on  pr®clpltatlon
mod.18  d.rlv.d  from  th®fi.  r®portg  for  th.  remalzilziqr  y®.rB  of  th.  1977-1994  Study.

acctirr     total  flurfac.  wac.r  rlght8.

Lln.  3:  iz)put  fomat   (col`mns)   for  ®acb  ourfac.  wac.I  right:
C-----------------------------------------------------------------------------
a                    (a)  Vat.r  uf).  input  fll®:
c    1-10:  ilo        llay      grid  layer
c  11-20:   ilo         1row      grid  row
c  21-30:   ilo         icol      grid  col`mn
a  31-40:   flo.O    Q             annu.I  avg  oeclnat.a  w&t.I  uf).   [Ii^3/T],   ..g.   c£8
c  61-65    15          1etrch  lad.x  to  .tr.an  r.ach  (order  in  which  fitrean  reach  18  r.ad)
c  66-70    15          1tirryr    let  yr  of  appropriation,  corre.p.  to  appllc.  no
c  72           al           tirrue.    water  u..  type   (3=lrrlqr  us.,   *=b.c.  cod.,   "p"  =  "pond.")
a                                   (fl®®  dlgcufl.1on  o£  .urfac.  wet.r  dlv®rfilozi  mod.1)
c  91-110  a20        wac.r  right  ld.ntl£1.r
C-----------------------------------------------------------------------------
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SURFACE Package ini]ut example: file rat-srfc.wel
File rat-srf2.wet describing surface water rights for 1955-1994, is hsted as follows.

1
1
1
1
1
1
1
1
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125

136        -1315.1
152        -2630.1
151             -43.8

136        -3156.2
152      -25319.5
151           -log.6

136         -3787.4
152        -3156.2
151           -log.6

152      -29245.8
151           -log.6

152         -3682.2
151           -log.6

152      -11046.6
151          -log.6

152      -15780.8

152         -7890.4
151             -87.7

152      -13698.6

152             -24.1

152         -6575.3

152         -7890.4

152        -8219.2

152        -3682.2
1 ay.r              row        a o luna                   Q

591   1977   p
690   1941  p
689   1941  p

591   1977   p
690   1941   p
689   1941  p

591   1977   p
690   1941  p
689   1941  p

690   1941  p
689   1941  p

690   1941  p
689   1941  p

690   1941  p
689   1941  p

690   1941  p

690   1941  p
689   1941   p

690   1941   p

690   1941   p

690   1941   p

690   1941  p

690   1941   p

690   1941   p
Q`m         d.I)t=zD  lrch  iirryr  uB.       rwr

JL02927301
V     000900
v     001100

A02927301
V      000900
V      001100

JL02927301
V     000900
v     001100

V     000900
v     001100

V     000900
V     001100

v     000900
v     001100

V      000900

V     000900
V      001100

V      000900

V      000900

v     000900

V      000900

v     000900

V     000900
cur  approp  ld
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Appendix A: SWAT input data format (manual supplement)

This was written to be a supplement to SWAT's manual (v. 2), added to Chapter 3
as Section 3.4, describing the format for input data files read by SWAT.  Input files are
described roughly in order of their appearance in Sections 3.1 and 3.2 of the SWAT
manual, which summarizes the contents of all input and output files associated with
prograni SWAT.  This also describes changes and additions to input file format and to
SWAT program procedures as described below.

3.4.  Preparing input data for Swat without an operational GIS front end
This format description is especially useful for creating and modifying input data

files for SWAT if a preprocessor is not available to handle the formats.  A preprocessor
for SWAT is available that is based on the GRASS system, a public domain graphical
information system (GIS).  However, Arc-Info is used at the University of Kansas, Kansas
Geological Survey, and the Kansas state agencies that have an interest in SWAT and its
connection to MODFLOW.  A preliminary version of a preprocessor for SWAT based on
Arc-Info has been developed (L. Bian, personal communication).  However, the scope of
that project has thus far been limited to the original SWAT (v. 2) program, and has not
considered changes made to SWAT input for some of the reasons mentioned below.

3.4.1. Summary of changes to Swat94.2
a) Input data file changes

Input file formats are for the most part in original Swat (v. 2) format, with some
exceptions.  The codes data file (~.cod) includes options relevant to our revision of Swat
and its linkage with Modflow.  The general basin file (~.bsn) was changed to correct a
problem in v. 2's initialization of soil moisture profiles.  Formats for the soils data files
(~.sol) and weather data files (rf and tmp) were changed back to those used in v.  1 of
Swat.  This change was made partly in order to auow data files made for v.  1 to be used in
both versions, thereby making comparison of results easier; but also in part to remedy
apparent bugs in v. 2 as described below, or to make file handling easier for the user, e.g.
an option to read weather data either from one file for all stations or from individual files
for each station.

b) Addition of log files to track data input:
1.           Swat.Log, unit iolog=81, to which a log is written of input fifei openings and
readings during program execution; opened in Main and written in Main, Open, Open2,
Open3, Read, Readinpt.
2.          Weather.Log, unit iomeas=82, to which a record is written showing rainfall for
each station for rainy days only; opened in Maln and written in Clicon.

c) Compile-time bugs under Lahey Fortran (likely allowed by Microsoft Fortran)
1. blockd:        comment out data statements for variables with the prefix "thr" not in
corrmon.
2. comment out Sdebug in main, readinpt, subbasin, swata-e.
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3. main: fix 12301 format (ln 266) by adding a comma to separate fields.
4. swata-e: subr apply (1n 73) and clgen4 (1n 141): fix illegal transfers from outside a do
range into the range.
5. swatp-r: comment out data statements for the following aITays in subr resis: storec,
releasec, storek, releasek, and initialize them in block data (file blockd.for)

d) Execution time bugs:
1.          General basin (bsn) data bug: input variable ffcb is read but is not passed from
subr read to readinpt, where it is used, and it is not used properly in readinpt; a
description of the bug and correction fouows.

General basin input variable ffcb, called ffc in Swat manual, is supposed to allow
specifying a nonzero initial fraction of field capacity; if input as zero, then an initial
fraction is calculated on the basis of the rainfall statistics file (wgn).  However, in the
original source code for Swat (v. 94.2), ffcb was not passed from Read to Readinpt, and
Readinpt did not handle ffcb properly anyway.

The fraction of field capacity calculation was revised to do what was apparently
intended, which is to base it on avg annual rainfan (r(8)=sum of smy, above), to be
overridden by fraction ffcb read from ffle ~.bsn, subr Read.    ffc in '93 version was passed
from Read() to Readinpt() via arg lists. For '94.2 version, ffc expanded to subbasin
resolution and moved to common; ffc was changed to ffcb in Read(), but ffcb was not
passed to Readinpt().--spp jun 95
2.          weather (rf and tmp) data bug: daily rainfan and temperatures from multiple
stations were not read and assigned properly to subbasins; a description of this bug and
correction follows.
2.          weather (rf and tmp) data bug: daily rainfan and temperatures from multiple
stations were not read and assigned properly to subbasins in the `94.2 version.  The
weather data reading code in Clicon was changed (by ARS) from a form in the `93 version
that worked to one that does not appear to work for multiple weather stations in the `94.2
version, so the code from Swat's `93 version was used instead to read one daily rainfall
value per record and two daily temperature values (max and min).  The (5x,2fl0.1) format
used here (5000 format) is the same as the '93 version's 10300 format. --spp jun 11 95,
KGS
3.           Soils data (sol)

The `93 version of silt percentage SIL as read from the soils input files (~.sol)
appears to have included clay, but in the `94 version the SIL just includes silt.  For
example, the Swat Y7 test case shows apparently unchanged data from the `93 version,
with SIL=92; results for this case show a negative sand percentage, which is calculated by
sand = 100 -(silt + clay).

Soils input data are read according to the same format used in the `93 program
version, and not the form provided by the Runsoil program, which extracts soils data from
database files; see soil hydraulics (~.sol) data ffle description.
4.          Certain conditions result in the swat program to reference zero-valued array
indices, notably in subr crpmd and one or two others.  These were encountered during
execution as a result of routinely using Lahey Fortran' s bounds checking option for
compiling all source files, and verified by successful execution without the bounds
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checking option for the routines where the error occurred.  This problem was remedied by
checking for zero-valued indices in these subroutines, rather than allowing the condition to
occur by executing without bounds checking.

e)          Swat program user manual bugs
Certain equations were found to be incorrect in the manual, including equations ( 103) and
( 108).  The coding of these equations in the prograni is consistent with their expression in
SWWRB by Amold et al.,  1990.  This indicates that the remainder of the manual's model
description should be compared with the book's description for consistency.
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3.4.2. Specifying a Swat case with files (~.cio) and options (~.cod)
The file named "file.cio" specifies most file names associated with a particular

simulation case to be run, and is read on device number 2 by Swat routines Open, Main
and Open2.  Certain other file names associated with Swat-Modflow coordination and
Swat revisions are specified on the ~.cod file.  In both cases, file names of up to  13
characters in length are read from these input ffles.  Regarding weather ffles, option iopwfl
on the ~.cod ffle auows all precipitation data stations to be read from the same file, and
similarly for temperature data stations.   See also added option iopwea (~.cod file) to read
daily values for solar radiation, relative humidity, and wind speed.

cio(2): Swat input control "file.cio" (open. Main` ODen2` ex. com90dc.cio

part 1 in subr open (on source ffle swatf-o.for):

open   ( 70 , f ile= ' kevin . out I , status= I uliknonrn I )
open   (2,fil®='file.cio')
3  lines  of  text  for  a  cage  description:

read   (2,I(20a4)I)    (title(j),j=1,60)
basin  file  nairLess

read  (2, I (6a) I )   stdout, gbsout,rchout,rgvout,1wqout,peBtout
read  (2, I (6a) I )  event,cropdb,tilldat,pestidat,codedat,basndat
read  (2, I (6a) I )   1wqdat,routin, statin,bigsub,watqal,wqout
open  files:
(3,sbsout)   (8,rchout); (1,rsvout);   (4,1wqout);   (5,pestout)i   (6,stdout);
(7,event);   (10,codedat);   (11,basndat)   (77,biggub); (14,lwqdat)
( 9 , routin ) j
(15,cropdb=crop.ddt:  crop  data  base) ;
(16,tilldat=till.dat:  tillage  data base) ;
(17,pestidat=pest.ddt:  pesticide  data  base)

(1

(2
(3
(4

part 2 in nrain (nrain.for)

no.  rainfall  and  temperature  gagiing  stations  (gee  notes  on  options
ioprf 1  and  iopw®a,   above) :

read   (2, ' (2i4,1x,a) ')   nrgage,   Iitgrage
18  fields  for  precipitation  file  names:   (3  records) :

read   (2,I(6al3)I)    (rfil®(j),j   =   1,18)
18  fields  for  telnperatur®  file  names:   (3  records) :

read   (2,    I(6al3)I)    (tfil®(j),j   =   1,18)
18  fields  for  reservoir  file  ziameg:   (3  records):

read   (2,    I(6al3)I)    (regvo(j),j   =   1,6)

part 3 in subr open2 (swatf-o.for)

For  each  gubbasin  1=1  to  IIu:
read  (2,I(i4,i2,i4,i2,i3,5a)I)   isb,   id2,   id6,   id8,   icnty,
1                subdat,  routdat,  ponddat,chendat,  goildat

read  (2,   ' (2x,4a,2i4) I)  Ingtdat,  mcodat,   gwht,  w\gendat,
1        irgage(i) ,   itgage(i)

open   (10,gubdac);   (11,routdat)i   (12,poziddat);   (13,chendat);
(14,goildat)i   (17,mgitdat);   (18,ncodat);   (19,gwht);   (20,wgendat)
end  do
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Example com90dc.cio (rename as file.cio for execution`
Rattl..flake  ere.k  Water.b.a:   29  eubbaBlzie    corn90dc.clo:  a.coupl.a  I:I(1oprev=O)
corzi-f&11orir  rotation:   cornfall.not;   Itr.eB  factor=0.90,   1opllm=1,1opvea=1
ooct   26   95  pozid.,   59€  zLozicozLtrlbutlzLg  ar.a;   k=1  in/h  1960-1993:   34  ]rrf)
corn90dc. Std       cago23. Elbe

rat..v.         crop.dat
rat. Iwq           rat. flo

8      6    ,zirgag.,  ntg.g.
rf) 6 0 9 3 . pep

all ' tap

10         0   0      0
3 -wf, I ' not

2   a         0   0      0
3 -I,I) I . mgt

3   a         0   0      0
3 -ve I ' nqrt

4   0         a   0      0
3-w8f.ngt

5   0         0   0      0
3-w8£'ngt

6   0         0   a      0
3-w8£'not

7   0        0   0      0
3 -wf'f . net

8   0         0   0      0
3 -t,I I . Dgt

9   0         0   0      0
3 -wf' I ' net

10   0         0   0      0
3-waf.mgt

ilo       0  0     a
3-w.I.not

12   0         0   0      0
3 -wflf . Dgt

13   a        0   0      0
3-wf'f.not

14   0         0   0      0
3-v8f.not

15   0         0   0      0
3 -t'e I . not

16   a        0   a      a
3-vlf.Dot

17   0        a   a     0
3-vet.not

18   a        0   a      0
3-wet.net

19   0         0   a      a
3-wet.ngt

20   0         a   0      0
3-vet.Dot

210         0   0      0
3-we£'ngt

22   0         0   0      0
3-waf.not

23   0         0   0      0
3-wef.Dgt

24   0        a   0     a
3-w.I.not

25   a        0   a      0
3-w8f.n9t

26   0         a   0      0
3-waf.nqrt

27   a         0   0      0
3-ws£'not

28   0         0   0      0
3-waf.net

29   0         0   0      0

rat. rob           rat. rBv           rat. Iqo
till.dat          p®et.dac  corn90dc.cod
rat. ®ta            rat.b8b

rato1.Cub         rato1.rt.        p5011.pad
rat90.nco            rat.gw  rat.wgn
rat02. Sub        rat02. rt.        p5012.pad
rat90.nco             rat.gw  rat.iirgzi
rat03.Sub         rat03.rt.        p5013.pad
rat90.nco             rat.gv  rat.vygzl
rat04. Sub         rat04. rte        p5014.pad
rat90.nco             rat.qpr  rat.wgn
rat05. gob        rat05. rte        p5015.pad
rat90.nco              rat. giir  rat.wgzL
r&t06. Cub         rat06. rt.         p5016.pad
rat90.nco             I.t. grv  rat.oogn
rat07. Sub         rat07.rt.        p5017.pzid
rat90.nco            rat.gv  rat.tryn
rato8..ub        rato8.rt®        p5018.pad
rat90.nco            rat.gv  rat.tirgn
rato9..ub        rato9. rt.        p5019.pzid
r-t90.nco             rat.gv  rat.iirgzi
ratio. |`ib        r.tlo. rt.      p50110.pad
rat90.tbco              rat. giir  rat.iirgzi
ratll. Cub        racll. rt.      p50111.pad
rat90.nco             rat. gtlr  rat.wgn
ratl2 . rub
rat90.nco
I.C13 . rub
rat9 0 .moo
ratl4 . .ub
I,t9 0 .nco
rac15 . rub
rat90.moo
rat 16 . Cub
I.t90.nco
ratl7 . .ub
I.t9 0 .nco
rat 18 . sub
r&t90.nco
ratl9 . Sub

ratl2.rt.      p50112.pad
rat.gw  rat.vyzL

ratl3.rt.      p50113.pad
rat.gw  rat.vgn

ratl4. rt®       p50114.pzrd
rat.qpr  rat.wgzL

ratl5. rt.      p50115.pad
I.t.gw  rat.wgti

ratl6. rt®       p50116.pzid
rat.gw  I.t..,ron

ratl7. rt.      p50117.pad
rat.gw  rat.vgn

ratl8.rce      p50118.pad
rat.gv r.t ..,, gn

r.tl9.rt®      p50119.pad
rat90.nco             rat.gv  rat.iipgzi
rat20.Cub         rat20.rt.      p50120.pnd
I.t90.nco            rat.gw  rat.tirgn
rat21. 8`ib         r.t21. rte      p50121.pnd
rat90.nco           I.t.gv  rat.van
rat22. Sub         rat22. rt®      p50122.pad
rat90.nco             rat. giir  rat.vgzi
rat23. flub         r.t23. rt.      p50123.pzid
rat90.nco              rat. qrtr  rat.tmgzl
rat24. eub         I.t24. rt®      p50124.pad
rat90.nco             rat. gtir  I.C.I.gn
rat25. Sub        rat25. rt.      p50125.pad
rat90.nco            rat.gpr  rat.vgn
rat26.Sub         rat26.rt.      p50126.pad
rat90.nco             r.t.gw  rat.tirgn
rat27. flub         rat27. rt.      p50127.pad
rat90.nco             rat.gitir  rat.van
rat28..ub         rat28. rt.      p50128.pzid
rat90.nco            I.t.gpr  rat.vgn
rat29. Sub         rat29. rt.           p501.pzid
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chenlcal . cia
12

chcalcal . cia
12

chenlcal . chD
12

chenlcal . cho
32

chenlcal . cia
32

chonlcal . chn
32

chndcal . chi
32

chenlcal . cia
82

chndcal . cho
e2

chenlcal . chn
52

chcoical . chi
54

cbndcal . cia
86

chemical . cia
84

chenical . cia
e4

chenlcal . cia
54

chenlcal . cia
86

chenlcal . cia
84

choulcal . cia
86

chendcal . cia
85

chenlcal . cia
65

chonical . chD
43

chemical . cnd
43

chenlc.I . chn
43

chenlc.1 . cia
43

chenical . chn
65

chulcal . Ohm
43

chenlcal . cia
43

chenLcal . chn
21

chndcal . cia

rat.p.O
®nake.bgD

pratt . ao|
pratt . 801

pracc . gal

pratt . gal

E'ratt . SOL

pratt . Sol

pratt . Sol

prate . 801

prate . eol

prate . Sol

pratt . .ol
prate . SOL

pratt . Sol

pratt . Sol

prate . Sol

prate . .ol
pratt . Sol

prate . Sol

prate . Sol

pr&tt . gal

prate . Sol

prate ' Col

I)ratt . Sol

pratt . sol

pratt . Sol

pratt . SOL

prate . Col

pr&tt . .01

pratt . COL



3-v.I.not I.C9 a .nco rat.gv  r,t.vyzl
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cod(lot: ODtions inDut file /Mainl: ex. ffle com90dc.cod

Contents for the options input control ffle were modified to specify options both

for Swat-Modflow coordination and for Swat revisions (e.g. calculation of evaporation);

see example file com90dc.cod, below, and "Options added to Swat and used for the

Rattlesnake Creek watershed model".  The fouowing is read by code included in Swat' s

mainline as file swatmod2.h.

Example: Swat options input file com90dc.cod
In this example, annual iITigation depths (mm) corresponding to years 1960-1994

are specified using option ioplin=3.  These irrigation depths represent basinwide averages
for Rattlesnake Creek based on total estimated irrigation water use divided by total
estimated iITigated area.  Annual irrigation depth limits for each subbasin can also be
specified using option ioplim= 1.

Rattl®8nak.  Cr..k  w.t.rgh.d  -Control  Ill.  corn90dc.cod:  1rrlg  w/  pump  llDlte
21960      29         2         3         3         0         1         0         0         0         a         0        a         0         a         0
0         1         1         0         0         1         1         a         0         3         0         119771977         1        1         0

corn90dc.bal  th®i8e®n.inp  sand6092.red
( 5x,12f5 . O )
( 4x, 8f 6 . O )
( 14x, f5 . O ,12x, 2f 6 . O )
25.4,1.0,    38.00,-99.00,

369.1358.7   332.8         391
485.8   385.3         332   358.2

0290

tcaperatur.  data  fomat  (Ill.  all.Cnp)
ralnfall  data  fomat  (fll®  all.pep)
fad(1y/d) ,   r®lhun(&),   wind(D/I)    (..zid6092.red)

vgfdn]E,   e"1zLf ,  pap.f£,  phld.o,   rla]rdg
397   329.2   380.6   384.3   369.2         331

417.7   423.9   466.1396.2   473.4   397.8
476.1         363         378   379.1469.3   352.1348.3   343.4   452.1359.5
436         444.9   265.5         265   421.4

read  (10,(a))   title
Original options described by Swat manual, 3.2, pp. 5-8.

read( 10, (20i4 ) )  nbyr, iyr,1u, ipd,nsim,maim, igp, iwst, isBt, ireg,
igiraf , irain, itemp, ire5q,1da£ , idal , iprn, ipap, iopt , ip®t

(2

Note regarding input variables iwst, isst and iopt:
If iwst or isst > 0, then iopt must be specifed as the reach for which observed and
calculated yields are to be compared via subr vald25 for both streamflow and sediment
yields.  A valid reach index must be specified; reaches are referenced on the routing
configuration file (~.rte).  For more clues regarding comparison of observed and
calculated yields, see the chapter in Swat's manual on routing.

Swat-Modflow coordination options
read   (10, . (20i4) . )   ilogr, iopznod, iopBwt, ibgndv, ienddv, iopBol,

1                          iopwfl , ithpcp, itbtmp, ioplim, iopqtl , iopcmp,
1                         iopyrf , iopyrl , iopet , iopwea, ioprev, itrace, jkkopt

(3

1 ilog: an original Swat option; see Swat manual, 3.2, p. 8.
2. iopmod: option for Swat to summarize hydrologic results on an annual(1), monthly(2)

or daily(3) basis for each subbasin and can Hydbal to write results to a "balance" file
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naned below (nambal, rec. 4) that can be read by Modflow on a subsequent run; see
iopswt.

3. iopswt: option to either (0) run Swat and Mod flow independently or (1) call Mod flow
from Swat at the end of each aquifer time step.  If iopswt=l, Swat calls Modflow at
the end of each time step specified by iopmod (above).

4. ibgndv: beginning day of year to print daily results for rain days.
5. ienddv: ending day of year for printing daily results for rain days beginning to ibgndv.
6 iopsol: option to show initial and final states of soil on hydrologic balance file after avg

annual results have been calculated; Swat calls Soilstat after last call to Hydbal.
7 iopwfl: option (y=1,n=0) to read daily precipitation data for all stations from the same

ffle, and to do similarly with temperature data. Weather stations are identified in the
~.cio ffle by an integer i from 1 to n corresponding to the order of data columns from
left to right.  Data format for temperature and precipitation data are defined in records
5-6, below.

8 ithpcp: option (y=1,n=0) to use Theissen weights to calculate spatial averages of daily
precipitation reported at weather stations.  Theissen polygon weights are read from file
(namths) specified on record 4.

9 ithtmp: option (y=1,n=0) to use Theissen weights to calculate spatial averages of daily
temperature at weather stations.  Theissen polygon weights are read from file namths
specified on record 4.

10 ioplim: option (y>0,n=0) to limit daily irrigation pumping by wsfdmx (mm) and annual
irrigation pumping by groundwater appropriation pmpmax (mm) , reduced by pumping
efficiency pmpeff; these are defined in records 8-9, below, subject to the fouowing
conditions.  If Swat and Modflow are run independently (specified by setting iopswt=O
and ioplim>0), annual irrigation limits are read from record 9 (below).  Otherwise, i.e.,
if Swat cans Modflow (specified by iopswt>O and ioplim>0), Swat calls subroutine
Passflx at the beginning of each year (stress period) to obtain annual maximum
pumping flux rates (mm) for each subbasin, based on Modflow's ~.WEL input file and
summarized by Modswb subroutine Swblap.

Note: based on option iITopt specified by input to the Modswb package,
subroutine Swblfrn either assigns pumping rates specified by the ~.WEL input file
(ilTopt=0), or scales these pumping rates to correspond to the irrigation depths
assigned by Swat for each subbasin (irropt>0); see "Definition of options for the
Modswb package."

11 iopqt]: option (y=1,n=0) to include transmission loss with inffltration as input to soil
profile (passed to subroutine purkl 8 with transmission loss).

12 iopcmp: option (y= 1,n=0) to write daily results of evaporation calculations to file
<casename>.ET.  If iopcmp=1, daily results are written for the entire period of
simulation; if iopcmp=0, duly results are restricted to the range of years given by
iopyrF and iopyrL (below); set both to zero to prevent writing daily results.  Output
includes independent calculation of reference ET by subroutine Penman (see option
iopet, below).

13 iopyrF: first year of writing daily evaporation results (see iopcmp, above);
14 iopyrL: last year of writing dafty evaporation results (see iopcmp, above);
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15 iopet: option (y=1,n=0) to use the reference crop evaporation calculated by subr
Penman instead of the value calculated by Swat' s subroutine EVAP8, the default
option.  Subroutine Penman (Appendix F) was written and linked with Swat by SPP,
and calculates reference crop evaporation according to the method recommended by
Shuttleworth ( 1993).  This method includes the effect of long-wave emission in
calculating net radiation, in contrast to Swat' s subroutine; see also the following
related option, iopwea.

16 iopwea: option (y=1,n=O to read, rather than synthesize, daily values for insolation
(ly/d), relative humidity (pet) and wind speed (in/s at 10 in above ground surface) in
that order from an input file with name namrad (rec. 4) in format fintrad (rec.7).  The
default option (iopwea=0) is to generate them as in the standard Swat program.

17 ioprev: option (y=1,n=0) to reduce evaporative demand on soil moisture by the depth
evtgw evaporated from the water table according to Modflow.

18 itrace: trace option (y=1,n=0) to print the Jurian day at the top of the dady loop.
19 jkkopt: option (y= 1,n=0) to evaluate groundwater recharge and watershed

contribution to streamflow according to a scheme conceived by Prof. James K.
Koelliker at KSU for the Rattlesnake basin study, hence the option's name (see
"Definition of options for the Modswb package").

File names: balance, weights, radiation
read   (10, I (3al3) I)   nambal,   namthg,   namrad (4
1. nambal: output file name for hydrologic balance to be passed to Modflow
2. namths: input file name for Thiessen weight functions for averaging rainfall or

temperature based on options ithpcp and ithtmp, above.  Format for this input ffle is
described below.

3. namrad: input file name for measured dady radiation (ly/d), relative humidity (pet) and
wind speed (in/s) 2 in above land surface (ALS).

Weather input data formats, up to 30 chars each (may be `FREE'):
read  (10, I (a) I)   fmttmp       I  temperature  data  format
read  (10, I (a) I)   fmtpcp      I  rainfall  data  fomat
read  (10, I (a) I)   fmtrad       I   radiation,   rel.  hulnidity  &  wind  speed

Data in free format, defined below:
read  (10,*)  wf)fdm][,   simin£,pmpeff,  phideg,rlandg (8

wsfdmx: Daily irrigation pumping limit (mm).
swminf: Available water capacity threshhold, below which irrigation is applied during the

growing season, but only if irrigation option irr¢) = 3 as read from the ~.mco file (subr
readinpt).  If irro) = 1, then the plant stress factor controls irrigation according to
Swat's original version, but subject to added daily and annual constraints.

pmpeff: pumping efficiency fraction: applied irrigation/water pumped; the loss is assumed
to be evaporative.

phideg =latitude (deg); rlamdg = longitude (deg)

Rec. 9: read max. annual iITigation depth (mm/yr) subject to ioplim (above) as follows.
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If ioplim= 1, armual pulnping limits are read from the ~.cod input file for each subbasin
from within the annual loop in the mainline for every year as fouows:

read  (10,*)   iyr,   (pngax(j),j=1,lu)
if ioplim=2, read irrigation linits for each subbasin as above but only in the first year; these

limits then apply to every year.
If ioplin=3, read irrigation limit, constant over au subbasins, for each year.
read   (10,*)   (pqua]E(k),k=1,nyrg)

3.4.3.  Data base input files (~.dat, read by subr Readinpt)

dat(15): Crop data base file crop.dat

I)[l[ample(o]tc®rptfromcrop.dat):
1      SOYB           25.a               .30           25.a           10.a              5.a

1.0
.0091
. 0037
4.75

2      CORN
1.00

. 0025

. 0023

3.0         .0100               .85           35.0
.220               .60            .330      370.00

.0035         1.266            .633            .729
1.00           0.40           0.20        52.20
40.0               .50           25.0              8.a

3.a         .0070               .85           20.0
.01               .60        2.510      loo.00

.0018            .433            .433            .213
4.75           2.00           0.40           0.20        47.60

.8
.130

1.
1.00
5.a
2.0

.150
4.

1.000

.90      15.010      50.950              1.a
2.00      660.31             .ZOO          .0650

.0524         .0265         .0258         .0074
5.010         15.95           5.00               .50

.80      15.050      50.950      1.0000
2.00      660.44             .ZOO          .0175

.0440         .0164         .0128         .0062
5.010         15.95            8.00               .50

c****iczi`IZD  =  crop  number
c           cpnm  =  crop  name
c          b®  =  bionasg-energy  ratio
a          hl  =  harv.gt  ind.]E
c          to  =  optlnal  teBDerature  for  plazit  grrorirth  d®greeg  c
c           tb  =  base  tengeratur®  for  plant  gircrfeh  d®grr®®g  c
c           blal  =  malt  lei  for  E!ubbaBln  j
c          dial  =  fraction  of  growing  season when  leaf  area  declines
c         dlpl  =  let  point  on opti"1  1.af  d.v.1opnent  curv.
a          dlp2  =  2tid  poinc  oz)  optizhal  1.af  ar.a  d®velopent  curve
c           gal  =  ma]tilunm  stomtal  coziductazice
c           chtmx  =  maxlmin  canopy  height   (in)
a          rd"E  =  na]Eilmn  root  a.pth(D)
a          pta  =  co2  cone.ntraion  in  future  atmogph®re/resulting  WA  value
c          elm  =  ninimu[L value  of  C  factor  for water  erosion
a          wgyf  =  water  gtregs  yi.1d  factor
a          tirvap  =  pa=D  r.latino  vapor  pr.I)a  clef iclt  to  WA
c            vptb  =  thr.Bhold  VE.D   (SPJL)    (F=1.)
c            vpd2  =  VPI)    valu.   (KPA)   /  F2     1
c           ira  =  v.grecatlon  for  crop  (1)   azLnual   (2)  perennial
*  Alternative  reading  uE)ing  a  text  buffer  incrop  for  a.bugrginqr:

do  1112  1c  =  1,  ncrdb
write   (iolog,I(/,1x,a,i3)')   'lc=',ic
do  j=1,5

r.ad   (15, ' (a) I)   incrop(j)
i£   (j.eq.1)   print   '(1x,a)I,iacrop(j)(1:16)

end  do
r.ad   (incrop(1) , ' (i2,2x,a4,8f8.3) I )

icn`im(ic),   cpz)n(1c),  b.(ic),  hl(ic),   to(ic),
tb(ic),  blai(1c),  dial(ic),  dlpl(ic),  dlp2(ic)

I.ad   (incrop(2) , I (16x,f8.3,16x,4f8.3) . )
grsi(1c),   chtmx(ic),   rdmx(ic),   pt2(ic),   cvm(ic)
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r.ad   (incrop(3) , ' (8x,f8.3) ' )  wsyf (ic)
read   (1ncrop(4), I (64x,2f8.3) I)   wavp(ic),   vpth(ic)
read   (incrop(5), ' (f8.3,64x,i8) I)  vpd2(ic),   ira(ic)

*  gpp    The  above  replaces  tbig  previous,  more  obgcur.d  v®rgion:
*app         read   (15,1111)   iczium(1c),   cpnm(ic),   b.(ic),   hi(ic),   Co(ic),
*gpp  *             tb(ic),  blai(ic),  dlai(ic),  dlpl(ic),  dlp2(ic),
*f)pp  *             gBi(ic),   cht"(ic),   rdmx(ic),  pt2(ic),   cvm(ic),
*BPP   *               W.yf(1c),
*Bpp  *             wavp(ic),   vpth(ic),
*spp  *             vpd2(ic),   ird(ic)
1111       format   (12,2x,a4,8f8.3,/,16x,f8.3,16x,4f8.3,8x,/,8x,f8

*                .3,64x,/,64x,2f8.3,/,f8.3,64x,i8)

Calculations after reading crop. dat :

c`m(ic)   =  alogi(cvm(ic))
1f   (be(ic).gt.O.)   then
t.xp  =  -vpd2(1c)   -int(vpd2(1c))
vpd2(ic)   =   (1.-vpd2(ic))   /   (t.ap-vpth(ic))
vpd2(ic)   =  -1.   /  vpd2(ic)
wac21(ic)   =  be(ic)   *   .01
coal  =  330.
co22  =  pt2(ic)
wac22(ic)   =  pt2(ic)   -int(pt2(ic))
call  agcrv(wac21(ic) ,vac22(ic) ,co21,co22)
ptlma]z  =   .01  *  int(dlpl(ic))
pt2ma][  =   .01  *  int(dlp2(ic))
dlpl(1c)   =  dlpl(ic)   -lnt(dlpl(ic))
dlp2(ic)   =  dlp2(ic)   -int(dlp2(ic))
call  af)cz:v ( dlpl ( ic ) , dlp2 ( ic ) , ptlma]E, pt2nax)

dat( 16): Tillage data base file tiELdat

Etampl.  (excerpt  from  till.dat) :
1          I.ISTRpliT        19. 77
2           ROW  PIT           20.00
3           PIAIIT   DR        17. 54
4          TRSPIAllT        19. 77
5.00
6          INJECT-P             . 00
7.00
8.00
9           IRSTRSCH              . 0 a

10           SPREADER           7. 66
11           SPRAYER              6. 80
12           JulHYD  JLP           4. 94
13--------.00
14--------.00
15           I.IST=R                9.14
16           DISK  BED           9.74
17            ROWBUII.D               . 00
18           CuliTPACX              . 00
19            ROW  CULT         13.52
20           FI.D  CUE.I        12. 36

.15         10.00

.05            5.00

.25         10.00

.15         10.00

.00               .00

.00               .00

.00              .00

.00              .00

.00               .00

.00               .00

.00               .00

.15         13.00

.00               .00

.00               .00

.80         25.00

.70               .00

.50         15.00

.10           5.00

.30         15.00

.30            6.00

.00

.00
1.00
1.00
1.78
1.78
1.00

.25

c***1tnum  =  tlllaqr®  ziult]ber
c         till  =  tillag. name
a          .f fmix  =  mixing  .I I iciency  of  operation

do  1113   ic   =   1,   83
read  (16,1114)   1tnium(1t),   till(it),   effmlx(it)
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1114       fomat   (i4,4x,a8,8x,f8.3)
1113  contlziu.

dat(17`: Pesticide data base file Pest.dat

EEapl.  (o]tc®rpt  from pest.dat) :

1  JLldrin
2  Balan
3  Banvel
4  Bagagran
5  B®nlat®
6  B.nzex
7  Bidrin
8  Bladex
9  Bolgtar

10  Bravo
11  Carbofos
12  Chlordaa.
13  Cotoran
14  Couuter
15   Ctygron
16   2'4-D
17  Daganit
18   DDT
19   DEF
20  Dieldrln

20000.0               .05
10700.0           1.00

8.0              .65
35.0               .60

ZOO.0                 .25
55000.0               .05

20.0               .70
168.0               .60
550.0               .55

4000.0               .50
1800.0               .90

100000.0               .05
loo.0           1.00

1000.0               .60
9.0               .95

74.0              .45
10000.0           1.00

240000.0               .05
5000.0              .25

50000.0               .05

0.75              0.1
0.75           50.0
0.75      4500.0
0 . 75500000 . 0
0.75              0.1
0.75              0.1
0.7510000.0
0.75         165.0
0.75           45.0
0.75              0.6
0.75        145.0
0.75              0.1
0.75           90.0
0.75           15.0
0.75   25000.0
0.75        goo.0
0.75              .01
0.75              0.1
0.75              1.0
0.75              0.1

c*****pnuzb  =  p®8ticide  numb.r
c           pnan®  =  pegtlclde  name
c         skoc  =  soil  partition  co.I I icient
c          wof  =  wash  of f  fraction
c          hl  =  half-1if.  on  foliage(dayf))
a           gkk  =  half-1if.  on  grrouzid  (days)
c         .fa  =  appllcatlon  .I f iclezicy
a          wgol  =  water  golubllity(ppm)

ao  1115  ip  =  1,   mpdb
r.ad   (17,1116)   1pnuzb(ip),   pziam.(ip),   gkoc(lp),   trof(ip),   hl(ip),

*              gkk(ip),   .fa(ip),  wool(ip)
1116       £o]mat   (i3,al6,Ill.1,£8.2,2f8.1,f8.2,f8.1)

hl(ip)   =  exp(-.693/hl(ip))
gkk(1p)   =  exp(-.693/skk(ip))
Dab(ip)   =   0.

1115  contlnu.

3.4.4.  Daily weather input data (subr Clicon)

Input file names for daily rainfan and temperature measurements are given on the
input control ffle (File.cio), which also associates measurement stations with subbasins.
Input format for temperature, precipitation, radiation, relative humidity and wind speed
are specified by records 5-7 on the options input control file (~.cod); an example is shown
below.  The options input control ffle also includes a choice, iopwea, to read precipitation
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data from separate files for each station or all stations from one file; and similarly for
temperature data.

Weather data are either read (subr Clicon) or generated (subroutines Clicon,
CLGEN4, Alpha9).  Case control input File.cio (above) contains the number of rain
(urgage) and temperature (ntgage) stations, and the names of daily precipitation and
temperature data files, which are read from devices rf(9ut) for k=1 to nrgage and
tmp(27+k) for k=1 to ntgage in subr Cricon. Option iopwfl (see options input file ~.cod)
allows all rainfall data to be read from one ffle, and all temperature data on another.  If
data are missing,daily values are generated by subroutines Clicon, Clgen4, and Alpha9
(which estimates fraction of total rainfan in 1/2 hour).  See also notes on input bug fixes
below.

In SWAT' s standard version, daily radiation, relative humidity, wind speed and
[C02] are only simulated (subr CLGEN4).  With added option iopwea (~.cod ffle), daily
values for the first three of these can be read from a data file.

Daily weather values for subbasin k:
subp(k) = rainfall (mm)
tmx(k) maximum temperature (deg C)
tmn(k) mininum temperature (deg C)
ra(k)     radiation (langleys)
rhd(k)  relative hunndity

wind speed
co2(k) carbon dioxide conc?

read?    generate?      options (*)
ye s        yes
yes        yes
yes        yes
yes(*)   yes
yes(*)  yes
yes(*)   yes

yes

1

1

1

2
2
2

(*) Note on options iopwfl(1) and iopwea(2):
The options input ffle com90dc.cod specifies (with iopwfl>0) that precipitation

and temperature data are to be consofidated into one file each for pep and tmp; and (with
iopwea>0) that solar radiation, relative humidity, and wind speed are to be read from file
sand6092.rad.  Input format for weather data ffles are given on the options input file as
fouows (which may also be given as `FREE'):

(5x,12f5.0)                          temperature  data  format   (file  all.tznp)
(4x,8f6.O)                            raizifall  data  fozmt   (file  rg6093.pep)
(14x,f5.0,12x,2f6.O)        red(ly/d) ,   relhum(96) ,   wind(in/g)    (Band6092.red)

Input control codes nsim and msim (read in ~.cod) control rain and temperature
input as fouows (for daily rainfan input) and msim (for daily max and min temperature
input):

1 or 2:  read or simulate , respectively, for entire basin
3 or 4: read or simulate, respectively, for each sub-basin

If a daily value < -97 is read, then it is replaced by a simulated value (subr CLGEN4); see
also note on weather (rainfan and temperature) input data fiife bug (p. 38).
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tmD(27+k`: Read daflv temDerature min and max (ex. file all.tin
if   (ioptlrfl.®q.0)   then

do  k=1,ntgage
i£   (it free.gt.O)  then

read   (27+k,*)   t]tmeag(k) ,tnmeaB(k)
else

read   (27+k, fmttmp)   t]fmea5(k) ,tz)meag (k)
end  if

end  do
else

if  (it free.gt.O)  then
read   (27+1,*)    (tlzmeag(kfld) ,trmeaB(kfld) ,

kfld=1,ntgagie)
else

read   (27+1, fmttmp)   (t]meag (kfld) ,tz)z[Leas (kfld) ,
kfld=1,ntgagre)

end  if
end  if

Example: temperature input file all.tmp (excexpt)
Format: (5x,12f5 .1 )
Contents: year; (tmn¢),tmx¢),j= 1,6)
Begin:
1960        3.3   -1.18.9      -.6     8.9         .6     7.8      -.6     8.9   -1.110.01.7
1960     -1.1   -7.2     1.1   -8.3     1.7   -7.2        .6   -8.3   -1.1   -7.8     2.8   -7.2
1960      -2.2-10.0     2.2-10.6     -.6   -9.4        .6-10.0        .6   -9.4         .6-10.0
1960           .0-11.7
1960      -2.8   -8.9
1960        9.4   -7.8
1960     12.2   -5.0
1960      13.3   -3.9
1960        8.9   -3.9
1960      10.0   -3.9
1960      13.3   -1.7
1960      14.4     7.2
1960        7.2      1.1
1960        3.9   -5.6
1960      -3.9   -7.8
1960      -2.2-10.0
1960      -3.3   -9.4
1960     -7.8-12.2
1960     -5.6-15.6
1960     -3.3-16.1
1960      -4.4-15.0

rft9+k`: Read dail

.6-12.2        .0-10.6        .6-12.2     -.6-12.8     1.1-12.2
-.6   -8.9   -2.2   -8.9   -1.7   -9.4     2.8   -8.9   -1.7   -8.3
8.9   -9.4      8.9   -8.3      8.9   -9.4      8.3   -8.3      9.4   -8.9

13.3   -6.711.7   -5.013.9   -5.Oil.7   -3.915.0   -6.1
14.4   -4.412.2   -3.914.4   -5.612.8   -5.011.7   -6.1
16.1   -3.911.7   -3.314.4   -5.611.7   -3.915.0   -3.9
13.3   -3.911.7   -3.311.7   -4.410.6   -3.312.2   -3.3
13.9   -2.213.3   -1.713.9   -1.712.2   -2.213.3   -1.1
15.6      7.815.6      7.814.4      7.213.9      6.118.3      9.4

7.8      -.6      7.8      2.8      7.2         .0      6.7         .010.0      2.8
5.0   -5.0     5.6   -5.a     5.6   -3.9     5.6   -5.0     8.9   -2.8
1.1   -6.1   -2.2   -6.7     -.6   -5.6   -1.7   -8.3        .6   -5.a

-2.2   -7.8   -1.7   -9.4   -2.8   -8.9   -2.2   -9.4   -1.1   -7.8
-2.2-11.1   -1.7   -8.3   -2.8   -9.4   -2.2-11.1   -1.117.2
-8.9-13.3   -7.2-12.2   -7.2-13.3   -5.6-12.8   -6.7-12.2
-4.4-17.8   -5.a-15.6   -2.8-16.1   -5.6-16.1   -3.9116.1
-.6-17.2   -2.8-15.6   -1.1-17.2   -2.8-15.0     1.1-15.0
-.6-13.3   -3.3-13.3   -2.2-15.0   -2.2-13.3   -1.1-12.2

recil)itation (ex. file rs6093.Dc
if   (lopwfl.eq.0)  then

do  k=1,nrgagr®
if   (irfre®.gt.O)   then

read   (9+k,*)   I:meag(k)
else

read   (9+k,fzntpcp)   meag(k)
end  if
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end  do
®1ge

if  (irfree.gt.O)  then
r.ad   (9+1,*)   (m®af)(kfld),kfld=1,nrgragie)      I   -gpp

else
r.ad   (9+1,£mtpcp)   (zneaB(k£1d),kfld=1,zirgagre)      I   -gpp

cod  1£
end  if

Example: precipitation input data rs6093.pep (excerpt)
Format: (i4,8f6.1)
(Format is specified by fintpcp on input control file com90dc.cod)
Contents: year; daily precipitation at eight stations:

Buckl Grbnd Gins Hudson Kinsley Lamed Pratt Trusd
Begin:
1960
1960
1960
1960
1960
1960
1960
1960
1960
1960
1960
1960
1960
1960
1960
1960
1960
1960
1960
1960
1960

rad: Read radiation. rel. humiditv and wind sDeed /ex. file sand6092.rad

These data are read subject to added option iopwea (see options file ~.cod);
previously, Swat only generated these data as described in the Swat manual.

Whether read or generated, wind speed measurements are assumed by Swat to be
taken 10 in above land surface (ALS). The measurement at 10 in is used in Swat as wio¢)
for subbasin j to evaluate evaporation in subr evap8 according to the Ritchie model as
described in the Swat manual.  From these, wind speed at 2 in ALS is estimated to be

given by w2=J*wio for a reduction factor FO.749 according to a logarithmic wind speed
profile described in Appendix E.

Read radiation (ly/d), relative humidity (pet) and wind speed (in/s) measured 10m above
land surface (ALS):
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if   (iopw\ea.gt.O)   then
lf   (isfr®®.grt.O)   then

read  (iorad, *)   radm®a,relhum,VAdspd
elg®

read  ( iorad, £mtrad)  radhea, relhun,VAdspd
ezld  if
i£   (relhun.gt.-97.   .and.   relbum.1®.100.)   r®1hum  =  relhum/loo.
do  k=1,Lu

i£   (radznea.gE.-97.   .and.   radznea.It.9999.)   ra(k)   =  radhea
lf   (r®1hum.grt.-97.   .and.   relhrm.1t.9999.)   rhd(k)   =  relhum
if   (wndspd.git.-97.   .alid.  tmdspd.1t.9999.)   ul0(k)   =  wndspd

end  do
end  if
do  j=1,Lu

u2(j)   =   O.749*ul0(j)
end  do

Example: radiation, rel. humidity and wind speed, sand6092.rad
Begin: (excerpt):

1      1   1960         1
1      2   1960        2
1      3   1960        3
1     4   1960        4
1     5   1960        5
1      6   1960        6
1     7   1960        7
1      8   1960         8
1      9   1960         9
1   10   1960      10
1   11   1960      11
1   12   1960      12
1   13   1960      13
1   14   1960      14
1   15   1960      15
1   16   1960      16
1   17   1960      17
1   18   1960      18
1   19   1960      19
1   20   1960      20
1   21   1960     21

-7.         97.   10.43
-8.        75.      8.24
-9.        75.      5.00

-12.         90.      4.35
-9.         87.      4.60
-9.         84.      5.02
-6.         67.      5.15
-1.         66.      5.32
-3.         85.      4.52
-2.         87.      4.73
-3.      100.      7.38

3.         96.      6.24
-1.      loo.     4.71
-6.      100.   11.58
-9.         84.      7.19
-9.         95.      4.37
11.         92.      8.56
14.         88.   11.58
18.         85.      6.08
16.         77.      5.13
13.         63.      5.95

3.4.5.  Basin  input files

bsn(11):  general basin inDut (subr Readl: ex. snake.bsn

See note on input variable ffcb data bug fix (3.4.1, "Changes to Swat").

Example: general basin input ffle snake.bsn

Rattl.I)nak®  basin                         Ill.  gnak®.bgn  (approx. )
5302.40           1.00         1.000           0.00           0.33         0         0         0

Instructions for general basin input
charact.r*80  tltl®

real  in:umax,   kl,   kn,   kp,   1ambdao,   1anbdal,   1ambda2
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PAL   =   mslN  zLRE]L   (RE**2)
P2=RJLINFJLIIL   CORRECTION(RATIO   OF  AVE  JLN  RAINFAlil.   TO  JIV=  AN  FOR  GIAGE
Tp5   =   Tp-4o   1o   ¥R  FREQ   .5H  R]LINF]LLL(m4)
Tp6   =   Tp-4o   1o   vR  FREQ   6H     RAINFjLLL(rml)
TP24=   NO  YRS   RECORD  blhx   .5H  RJIIN
YliT  =   IATITtJD=
BRT   =   BZLSIN  IAG  TIME(D)
FFC   =   FRACTION  OF  FI=IID  CAP--INITIJLli  WJLTER   STORAGE   (0.   AIILOWS
SWRRE   TO  ESTIHZLTE   FFC)
read   (11,l(a)I)   title                                                                                                  (1
read   (11,5000)   da,   p2(1),   bff,   brt,   ff cb,(npno(k),k=1,10)                 (2

5000   fo]:Inat   (flo.3,f6.3,3f8.3,10i4)
write   (kw,5600)  bff,  brt   I  bageflow  factor,  basin  lagi  time   (days)
write   (kvr,6000)   ign             I   generator  cycles
write  (kw,5800)   iw5t,   isst  I  water  state,   sediment  gtats
write   (]Ew,6100)   kl,   k2,   k3,   k4,   k5,   k6,   k7,   k8,   k9      I   randoz]L  seeds
af  =  1000.   *  da
da9  =  loo.   *  da
if   (brt.1t..01)  brt  =  1.
brt  =  1.   -exp(-1./brt)
uob  =  1.   -  exp(-ub)
IF  Ht}LT  RAINGAioEs  ARE  To  BE  G=N=RATED,   READ  cENTRolD  ccoRElmTES
OF  SUB-ELaslNS   (KM).      (r®adB  are  comented  out)

read   (11,6500)    (xij(i),i  =   1,1u)
read   (11,6500)    (yij(i),i  =  1,1u)

c   gpp        if   (ff cb.eq.0)   £fc(i)   =  ]tx  /   (]z]E+exp(9.043-.002135*]E]t))
*  Th.  above  line  ig  replaced  b]r  the  code  below,  which  assiglis  f fob  Co
ffc(i)   for  poBitiv®-valued  ff cb  as  presumably  intended

if   (ff cb.gt.O.)   then
ffc(i)   =  ff cb

®1ge
RE  =   I(8)
ffc(i)   =  ]E]t   /    (]t]t+exp(9.043-.002135*]E][))

end  if
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lwa(8`: Lake water aualitv inDut (subr Readlk)

Input instructions:
Iziput  for  lake  toxic  balance  and  lake  phospboruE)  balance:
c            cpESTi  =   INITI]LL  pESTlclD=  cONc=NTRATION   (ne/H3)
c            vREAc  =  REACTloN  cO=Frlcl=NT                              ( 1/D]Ly)
c            VVOL  =  VOIATII.Iz]LTION  cO=FFlcl=NT                 (H/my)
C             VPART  =   PARTITION  COEFFICIENT                             (H**3/a)
c           vs=TI.  =  sErm.INO  v=IOclnr                                   (H/DjLy)
C             VRSUP   =   RESUSPENSION  V=IiocITY                              (H/DXY)
C              VHIX   =   HIXINO  VELOCITY   (DIFFUSION)                  (H/DZLY)

r.ad  (8,5300)  cpegtl,  vreac,  vvol,  irpart,  vgetl,  vrgup,  imix
5300   fo=nat   (10f8.3)

CE'EST2   =   INITIJLL  PESTICIDE  CONCENTRJLTION   IN  BOTTOM
SEDnENTS   (rm/H3)
vREZLc2   =  RE]LCTloN  coEFFlclENTs             ( 1/m¥)
vBOR¥     =  Bt7RI]LI.  v=I.oclrr                            (H/DAY)
DRCT        =   DEE'TH  OF  JICTIV=   SEDIRENT  IAYER   (H)
read  (8,5300)   cp®gt2,  vr®ac2,  vbury,   dact
VS=TI-P   =   PHOSPHORUS   S=TTI.INO  RARE    (H/DALY)
pHOsL     =   INITI]LI.  TOTAI,  EillospHORus  cONCENTR]LTION  IN  IIARE   (ng/II)
road  (8,5300)  vsetlp,  phosl
IsuBL   =   suBELaslNs  w=zLTEBR  TO  USE   IN  I.]LRE  BAIANCE
read  (8,5700)   isubl

5700   format   (20i4)
C               UMW   =   JLVERAG=   MONTELY  WINE)   SEIEED    (M/a)
c             =FFLQ(12)   =  ]Lv=RAo=  nALII.I  EFFI.u=NT  FLow  By  Horml   (M3/Dziy)
C             =FFLT(12)   =  AV=RAG=  T=lD  OF  EFFI.U=NT  BY  MONTH   (DIG  a)
C            FI,owl(12)   =  ]iv=RAG=  TED  oF  tmTt7RAL
C              TD(12)    =   AVE  MONTIILY   DEWPOINT   E'OINT
C             TIIARE   =   INTIAL  IARE  TE)D   (D=O  C)

read   (8,6500)    (umir(i),i  =   1,12)
read   (8,6500)    (.fflq(1),i  =  1,12)
r.ad   (8,6500)   (.fflt(i),i  =  1,12)
read   (8,6500)    (flcut(1),i  =   1,12)
read   (8,6500)    (td(i),1  =   1,12)
read  (8,5300)   tlak.

6500  fomat   (12f6.2)
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fig/9): Watershed configuration ini)ut (Main): ex. file rat.fi

Example input ffle rat.fig:
•`1bb..1 zl                1            1            1
•ubb..1 a               1          2          2
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|\|bbal 1 a              1
8ubbaflln                1
doubb..1n              1
flubbaBln                 1
eubb.eln              1
•ubbae 1 zi                1
|\Ibbal i a              1
|ubb,Bin
•ubba.iD
eutbagln
Eiubba.1n
®ubba®ifl
I.ubba.lzi
eutbaeln
8ubba®1n
eubba81n
.ubb&.1zl
•ubba.1n
8ubba.1a
oubb..1n
Bubbaeln
gubba.1a
®ubba.1n
8ul)I,,|1n
lubb&,|n
•ubballn
•ubba.1n
route

dd
route
add
route
add
add
route
add

dd
rout®
add
route
add
add
route
add
routo
add
add
route
add
rout®
add
rout®
add
add
rouc®
add
rove,
add
add
route

dd
add
rout®
add
route
add



route
add
add
route
add
route
add
rout®
add
fLal,h

Instructions for watershed configuration input
C              CZLIICuliJLT=   TIE  NU]DI=R  OF   SUBB7LSINS,   REJLCH=S,   JLND  RESERVOIRS

arch  =  0

5202

nreg  =  a
|u=0
|ubtot  =  0
do  idun  =  1,  mhyd

read   (9,'(alo,5i6,f6.3,i9)`)   a,
*              1codes (idun) ,   ihouts(idum) ,   inuznlB(idLuL) ,
*              1nuzn2g (iduzb) ,   inun3f) (idum) ,   rnunlg(1dun) ,   inum45(idum)

if   (a(1:1)..q.'*')   go  to  90
if   (lcod.g(idun)..q.O)   go  to  100

end  do
contlziue

icode  =  1    subbasin  com_a_h_d
icode  =  2    route  coma±d
icode  =  3    route  r.B.rvoir  comand
icode  =  7    r.ad monthly  flows
i£   (icod.g(idum).®q.7)   th.n

read   (9, (lox,6a))  zronthlzi
open   (18, £1le=monthin)
read  (18,(a))  title
read   (18,5202)   noyrs
fo-t  (i6)

(avgi  daily  cmg)   from  monthin(18)

`£or  .ach  y.ar,  read  2  records  of  monthly  flows   (6.12.4) I
do  ly  =  1,  zioyr8

c***foz"t  changed  for  pc  coirat  froD    1  r®c/yr  (12®12.4)   to  2  recs/yr:
read ( 18 , 52 04 ) ( f lonon ( inumls ( idun) , iy, Do ) , no= 1, 6 )
r.ad ( 18 , 52 04 ) ( I lomon ( inLml5 ( idum) , iy,mo) , mo=7 ,12 )

5204                      foz:mat (6®12.4)
end  do

end  if
a
a

5201

icod®  =  8    read  ill  EPIC  daily  epd  f il.
if   (icod.g(idun).eq.8)  th.a

dart (ihouts (1di]n) )   =  rnunlB (idun)
I.ad   (9,5201)   dayln
fomat  (lox,6a)
open   (45+in`rmlg (1dum) , flle=dayizl)
do  ii  =  1,   6

r.ad  (45+inunlB(idum), ' (a) ')   title
end  do

end  if

icode  =  9    output  to  eve  f il.  for  input  to  azlocher  SWJLT  run
1£   (icodeB(idum).eq.9)   th®zi

do  11   =   1,   6
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write   (7,9900)   title
end  do

end  if

icod®  =  10    r.ad  daily values  with wet.r  ill  cme  and  rest  in  tons
if   (icodeg(idum).eq.10)   tb®fl

read   (9,5201)   dayin
call  caps(dayin)
open   ( 55+inumlf) ( idum) , file=dayiti)
do  ii  =  1,   6

read   (55+inumlg(idum) ,9900)   title
end  do

end  lf
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sta(9`: Measured streamflow and sediment wield at gaged station (Main

8400

open  (9,file=statin)
if   (iwst.ne.0.or.isgt.ne.0)   then

kk  =  Ifoyr  *   12
gap  =  0.a-= 0.
do  810   i  =   1,   kk

read   (9,8400)   wob(i),   Bob(i)
format   (10el2.4)
w\ob(i)   =  Yob(i)   *   86400   /   35.3146
gob(i)   =   gob(i)   /   35.3146

c                     cozivert  m^3/month  to  m^3/g
c                      wob(i)   =  Yob(i)   /   2592000.
a                      wpd(i)   =  wpd(i)   /   2592000.
a                      write(7,777)   w\ob(i),   wpd(i)
a                     777            forlnat (2fl6.6)

gumL  =   sump  +  ilrob(i)
girmp  =   Bump  +  wpd(i)

810      continue
ConeuTE   sTATs  oN  bmzisuRED  AND  EiREDlcT=D  MONTEII.I  w]LTER  ¥IEI.Ds

if   (gum.git.0.)   call  vald25(wob,wpd,kk)
cormuTE   sTATs  oN  i4E]LsuRED  ]LND  EiREDlcTED  HONTHI.I  sEI>IMENT  ylEI.I>s

i£   (g`rmp.gt.O.)   call  vald25(gob,spd,kk)
end  if

end  if
a           close(9)
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3.4.6. Subbasin input data files (read by subr. Readinpt)

Example: files for the first subbasin are specified in ffle.cio as follows:
10       0  0    a         rato1.Sub        rato1.rce        p5011.pnd  ch.nlcal.chn    pratt.Sol

3-wet.Dgt         rat90.nco              rat.gw  rat.tlrgzL                     1       2
These files are used to illustrate the input data descriptions given below.

sub(10): General input data (ex. rato1.sub)

Exalnple: file rato 1.sub
RRattl.ezLake  Crook  -  S`lbbaeln  Data  -  *1
.0426246         65.000                                  .000      42.297            .001        5.000      75.000            .060

.ZOO             .000             .000             .000             .500      50.000             .030             .000

.000

c******REZLD  BZLslN  mT]L
a
C
a
C
C
C
C
C
C
a
a

FIIU   =   FRAC:TION  OF   BZISIN   IN  =JLCH   SUBhREZL
cN2   =   11  COND.   scs  ct7Rv=  NtneER
SJLLB   =   SOII.  JLIIBED0
SNO   =   INITIAII  WATER  CONTENT  OF   SNOW(lDI)
elm   =  inLIN  cllzLNN=L  L=NeTH   (RE)
CHS   =   HZIIN  CHZLNN=L   SliopE   (H/H)
cllw  =  Av=RAGE  wll>TII  oF  mlN  clnNN=I.   (M)
clH  =  EFF  IIVD  coNDucTlvlTir  oF  mlN  cllANNEI,
clni  =  CHANREL  N  vALu=
OVN   =   OVERIIJLND  Fliow  N  VJLLUE
EI.=V   =   BEJ\N  EliEVATION  ABOVE   SEZI  IIEVEL   (M)

(13

read  (10,(a))  title
c****foz:IiLat  change  for  Swat  pc
a                  read   (10,10301)   flu(i),   cn2(i),   co2(i),   sno(i),   chl(1,i),
a            *              chg(i),   chw(1,i),   chk(1,i),   chn(i),   OVA(i),   elev(i)
c                   read   (10,10302)   ovn(i),   ®lev(i)
cl0301       format(f9.7,10f8.3)

now version:
read   (10,10301)   flu(i),   cn2(i),   co2(i),   sno(i),   chl(1,i),

*              chs(i),   chw(1,i),   chk(1,i),   chn(i)
10301        forztLat(f9.7,8£8.3)
if   (co2(i).1e.0.)   co2(i)   =   330.

if   (flu(i).1e.O.)   flu(i)   =   .000001
if   (chs(i).1e.O.)   chs(i)   =   .0001
cn2(i)   =  cn2(i)   +  incrcn
dx(i)   =  da  *  flu(i)

C   RT   =   RETtJRN  FLOW  TRAVEII   TIME   (D) .
C   =NT=RING   ZERO  JLI.LOWS   SWRRE   TO   CJLI.CUIIJLTE   RT.
a  CSS   =   SEDIMENT  CONC   IN  RETURN  FIIOW
a  ECP   =  USLE  EROSION  CONTROII  PRACTICE  FhcTOR  P.
C   SI.   =   JIV=RAOE   SliopE   IIENOTH  FOR  SUBBASIN   I    (H)
C   SIP   =   A:VERAO=   SlioEl=   STE=EIN=SS   FOR   SUBBALgIN   I    (M/H)
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c  RSDIN  =   INTIAI.  REslDu=  cOv=R   (KG/InL)   -   o  AI.I.ows  SWRRB  To  ESTlmTE
read   (10,10300)   ovn(i),elev(i),rc(i),   cgs(i),   ecp(i),   gl(i),

1                   stp(i),  rsdin(i)
10300          format(10f8. 3)

if   (Btp(1).I®.O.)   gtp(1)   =   .0002
91soil(i)   =   B1(i)

c****fomat  change  for  Swat  pc
a
C
C
C
C

read   (10,10300)
r.ad   (10,10300)
r.ad   (10,10300)
r.ad   (10,10300)
read   (10,10300)
read   (10,10300)
read   (10,10300)
r.ad   (10,10300)
read   (10,10300)
read   (10,10300)
read   (10,10300)
read   (10,10300)
read   (10,10300)

( rf izic ( i , mo ) , mo= 1, 12 )
( txpiz)a ( i , no ) , mo= 1, 12 )
( radinc ( i , mo ) , no= 1, 12 )
( humiz)c ( i , no ) , I(Lo= 1, 12 )
( co2 izic ( i , mo ) , mo= 1, 12 )
( rf inc ( i , no ) , mo= 1, 6 )
( rf lnc ( 1, mo ) , mo=7 ,12 )
( radizic ( i , mo ) , mo= 1, 6 )
( radinc ( i , mo ) , mo=7 , 12 )
( huminc ( i , no ) , mo= 1, 6 )
( hunizic ( i , mo ) , mo= 7 , 12 )
( co2 inc ( i , mo ) , zDo= 1, 6 )
( co21nc ( i , mo ) , z[Lo= 7 ,12 )
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rte(11): Routing input data /ex. rato1.rte)

Example: file rato1.rte
StLbba.1t)  Rouclzig  Data  for  #1  -  Rattl.€ziak:.  Cr.®k  W&t.I  .h.a

5.000         1.000            .001      22.297            .060      75.000            .500            .500

C                  cllw  =   ClnNNEI.  wlDTII(H)
C                   CID  =   ClnNN=I.  DEPTH(H)
C                    CHSS   =   CHANN=I.   SlioEIE(M/H)
a                  clm2   =  CHANNEI.  I.ENGml(RI)
C                    CIDIN   =   CIIANNEII   N
a                Clm2  =  =Fr  lrrD  coNDucTlvlTr  oF  AI.I.uvluH   (]m/H)
c                 cHin  =  cHANN=L  uslfi  K  FACTOR
C                   CIIC   =   CIIANN=L  USRE   a   FACTOR

r.ad  (11,'(a)')  title
read   (11,10300)   chw(2,1),   chd(i),   chss(i),   chl(2,i),   chum(i),

*              chk(2,i),   cb]ck(i),   chc(i)
10300          fomat(10f8.3)

if   (chss(1).1e.0.)   chsg(i)   =   .0001
a                  if   (chl(2,i).1®.O.)   chl(2,i)   =   .0010

Dnd( 12`: Pond/reservoir data (ex. D5011.Dnd)

Example: file p5011.pnd
p5011.pad 15:2511:1127lug92      (1

.150109.000100.000110.000   ZOO.000            .001            .000            .001            .001         1.000       (2
1      12      10                                                                                                                                                                                                  (3

.000            .000            .000            .000            .000            .000            .000            .000            .000            .000      (4

c                  Fp   =  FRACTloN  oF  guBELaslN  TlnLT  FLOws   INTo  poNDs
C                  sax  =   TOTJLI]  SuRmc=  JLR=A  oF  JLLI,  EioNDs   IN  guBBzisIN  To
C                    PRINCIE'LE   SPILLVILY (HJL)
c                   vRE[   =   RI7iroFF  vOLt7ME   FROM  POND  czLTclD4=NT  ARE]L  REQulRED  TO
a                 FII.I  =iDTv  PONDS  ]iT  pRINclEil.I  sEilLLw]i¥(m4).
a                   SAE   =   TOTAI.   St"JLCE  AREJL  OF  AIIII  PONDS   IN  St]BBJISIN  JIT
a                    EDf=RO=NCY   SEIIIil.WJIY ( Hzl )
C                  vm[   =   RUNOFF  voLuifE  mom  POND  CzLTclzMENT  JLREJi  REQUIRED  To
C                  FILE.  EBfpTr  poNDs  ]iT  ERERG=Ncv  sEill.I.wAv(rmi) .
C                   V  =   INITIJLL  POND  VOLUIES(lDf)
C                  S=Eip  =   S==EiAC=  TlmouoH  n»f   (coNTRIBtJTEs  To  FI.ow)    (M**3/mT)
C                   CS   =   INITIAI.   SEDIMENT  CONCENTRILTION   IN  PONDS   (E'PH)
c                   cFp   =   NORHAI.   sEDm4ENT  cONCENTFtjLTloN  IN  poNDg   (PPH)
c                 Hc  =  ErrDRAULlc  coNDucTlvlTr  oF  POND  BOTTOMS   (mt/H)

read  (12,'(a)')  titl.
read   (12,10303)   £p(i),   sax(i),   vmx(i),   sae(i),   vine(i),   v(i),

*               sepp(1),   cg(i),   cfp(1),   hc(1)
r.ad  (12,10304)   iflodl(i),   iflod2(i),

*            ndtarg(i)
10303        fo]mat   (10f8.3)
10304       foz"t   (3i4)
c******R=AD  w=TIAND  nlTJL
C  FW  =   FRACTION  OF  SUBREIN  THAT  Fliows   INTO  WETIANDS
C   gJIXW   =   TOTAL   SURFJLCE  AREJL  OF  AIII.  W=TIIANDS   IN   SUBEuslN  TO
C                       PRINCIPJLli   SPIIIIIVILY (Hzl)
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VIO[W   =   RUNOFF  VOLUME   FROM  W=TIANDS   CZLTCIDDNT  AR=JI  REQUIRED  TO
rll.I  EDTy  poNDs  ]iT  pRINclpl.I  spll.I.why(im) .

sA=w  =  TOTAI.  st7RTAc=  AREZL  OF  ALL  WETI,nes   IN  st]BBzislN  ]LT
RERO=NCY   SPII.LWZLY (EIA)

vm[w  =  RtINOFF  vol.md  moRA  wETIANDg  POND  c]LTCIDrmlT  AREA  REQUIRED  To

RI=
S=PW
Caw
Crv
How

10300

FILE.  EneTy  WETI.]LNDs  ]LT  RERGENcy  sEill.I.why (rm4) .
INITIAL  WETIIJLNDS   VOIIUM=S (lD[)
=   sE=Ei]LG=  TlmotTGH  nAI[   (coNTRIBt7TEs  To  FI.ow)    (M**3/Ply)

INITI]LL  sEDliENT  coNC=NmJLTloN  IN  WETI.Jugs   (PPM)
NORHAI,  s=DmENT  cONc=NmATloN  IN  w=TI.ANDs   (PPH)
HyDRxt71.Ic  coNDucTlvlTy  OF  w=TI.]LNDs  BOTTOHs   (m4/H)
read   (12,10300)   fw(i),   sa]Evr(i),   v"nir(i),   saew(i),   `mew(i),

*              vw(i),   sepw(i),   car(1),   cfw(i),   hctlr(i)
fo-t ( 10f 8 . 3 )

chin(13`: TOD ten Desticides inDut data (ex. chemical.chin

Note: the basin file bsn( 11) specifies up to ten pesticides in array npno.

Example: file chemical.chin

chlqr  chemical  data
.ooo            .ooo
.000            .000
.000            .000
.ooo            .ooo
.000            .000
.000            .000
.ooo            .ooo
.ooo            .ooo
.000            .000
.000            .000
.ooo            .ooo

Input instructions for ~.chin:

read  (13,'(a)')  titl.
do  20   j   =   1,   10

C******READ  p=sTlclDE  mT]i
a                         FFP   =   INITIAL   EIESTICIDE   ON  FOE.IJLGE    (KO/IIAL)
C                        OE'   =   INITIAII   PESTICIDE  ON  GROUND   (KC/Hh)
C                        =RP   =   ENRICIDDNT  RJLTIOS   FOR  PESTICIDES
For  each  pesticide  j=1,10:

I.ad   (13,10300)   ffp(j,i),   gp(j,i,1),   erp(j,i)
c******RmD  Nt7TRI=NT  ]\ND  pESTlclDE  DIT]L

wN  =  oRGENlc  N  CoNc=NmlLTloN  IN  upp=R  I,]L¥=R(a/I)
WPO   =   PHOSPHORUS   CONCENTRATION   IN  TJPE'=R  IAY=R(a/I)
JLP   =   CONCENTRATION  OF  LJLBIL=   (SOI.tJABLE)   P   IN  UPPER  IAY=R   (G/I)
I.ad   (13,10300)   wlL(1,i),   iirpo(1,i),   ap(1,i)
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sol/14): Soil input data (ex. Dratt.sol: houston.s93

Example: pratt.sol
PRA"

4               .17        25. 00PRATT
10.00      304.801016.001524.00

1.47           1.47           1.50           1.52
.11              .11              .10              .10

330.20      330.20      330.20      330.20
5.00           5.00           7.00           4.00

.47              .47
10.00         10.00           5.00           5.00

.00               .00               .00               .00
1524.00

(1
(2

00    d.pth in Co  lay.r  bottco(3
00             bulk  a.nBIcy    I/n^3   (4
00            avail  water  cap  n/a  (5
00                       Sat.   Cozid.  "/h   (6
00                        Clay  coat.   9b          (7

organic  a               (8
Ialt.    [N03]              (9
part.   el=®  dlflt(10
nalE  root  a.pth  (11

The soils data files extracted from the sods data base via program Runsofls is not
in the format read below, so Runsofls output must be converted to the format shown
below, at least for this PC version of Swat.  Examples of these two forms are shown
below.   --spp

C                    R=ZLD   SOIL   HYDRJLULIC   PROPERTIES   FOR  EZI   SUB-BZLSIN.      SOIIi   IN  EZLCH
suBIBzislN  Is  I]IvlD=D  vERTlczLI.Ly  INTO  ]L  MAxlHt7H  OF   io   I.]Luns.      =ALCH
HYDRJLUlilc   PROPERTY  REQUIRES   1   RECORI).

*      lfiput  fomat :
5200         foz"t(i4,2f8.3,a)
5300          £omat(10f8.3)
read  (14,'(a)')  title (1
*      no.   f!oil  1ayerB,  UgI-I  erosion  K-factor,   gilt  content   (96),   Soil  nazne:
read   (14,5200)   nB(i),   ek(i),gil(i),snam(i)

rm  =  ng(i)
read   (14,5300)    (z(j,i),j   =   1,rLzi)
read   (14,5300)    (por(j,1),j   =  1,nn)
r.ad   (14,5300)    (awe(j,i),j   =   1,zin)
r.ad   (14,5300)    (I)c(j,i),j   =  1,rm)
read   (14,5300)   (cia(j,i),j   =  1,nn)
r.ad   (14,5300)    (cbn(j,i),j   =   1,Iizi)
road   (14,5300)    (wz)o3(j,i),J   =   1,I)a)
read   (14,5300)    (psz(j,i),J=1,5)
read   (14,5300)   zm]t(i)

877

Id.ptb  to  bottom of  layers  (in)
Ibulk  d.nBity  (I/m^3)
Iavailable  water  capacity  (in/in)
I Saturated  conductivity  (in/h)
I  clay  content  (pet)
I  orgaziic  carbon  content   (pet)
llnitlal   [N03]   (g/I)
Ipartlcl.  glz.  dl5tribution
lma]zlmm  rootiz)g  depth  (in)

(2

Calculation  of  Boil  prop.rti®B:
sap(i)=0.     Igand  coat.nt   (pot)
rock(i)=O.      Irock  fragD®zit.   (pet)
galb(1)=.15     Imoist  soil  albedo
do  877  j   =  1,tin

if   (por(j,1).I..1.a-6)  por(j,i)   =  1.3     Idefault  bult  density
contlnu®
rock(1)   =  .xp(-.053*rock(1))
1f   (rm.eq.1)  th.a

z(2,i)   =   z(1'i)
z(1,1)   I   10.
par(2,1)   =  por(1,1)
awe(2,1)   =  awe(1,i)
gc(2,1)   =   sc(1,i)
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cbzi(2,i)   =  cbn(1,i)
cia(2,i)   =  cla(1,i)
wno3(2,i)   =  tmo3(1,i)
ns(1)   =   2
rm=2

endif
c5300  fomat   (27x,10£12.2)

if   (cbn(3,1).1®.O)   then
C****CAI.CUE.JIT=   CBN  FOR  I.ow=R  I-JLir=RS   Ir  oNL¥  IIAVE  uppER  I.JL¥ER

H  =  Z(2'i)
ao  40   1  =   3,   nn

dg   =    (z(I,i)-SEX)
if   (cbn(1,i).eq.O.)   cbn(1,i)   =  cbn(I-1,i)   *   ®]p(-.001*dgr)
RE  =   Z(1,i)

4 0           copt inu®
end  if
cv(1)   =  red(i)
gil(i)   =  gil(i)   /  loo.
cia(1,i)   =  cla(1,i)   /   100.
gen(i)   =  1.0  -cla(1,i)   -gil(i)
pez(1,i)   =   (1.-cla(1,i))   **   2.49   *   gab(i)
pgz(2,1)   =   .13   *   gil(1)
pBz(3,1)   =   .20   *   cia(1,i)
i£   (cla(1,i).1e..5)   then

lf   (cla(1,i).1t..25)   go  to  140
pBz(4,i)   =   .28   *   (cia(1,1)-.25)   +   .5
gro  to  150ndif

p8z(4'|)   =   .57
90  to  150

140       pgz(4,i)   =  2.   *  cia(1,i)
150       pgz(5,i)   =   1.   -psz(1,i)   -pgz(2,i)   -pBz(3,i)   -pgz(4,1)

ao  160  j   =  1,   nn
if   (j..q.1)   cla(1,i)   =  100.   *  cla(1,i)
wp(j,i)   =  0.4   *  cla(j,i)   *  por(j,1)   /   loo.
up(j'i)   =  ap(j,i)   +  awe(j,i)
por(j,i)   =  1.   -por(j,1)   /  2.65
if   (up(j,i).g®.por(j,i))   tb.n

up(j,1)   =  por(j,i)   -   .05
wp(j,i)   =  up(j,i)   -awe(j'i)
if   (wp(j,i).1..0.)   then

up(j,i)   =  par(j,i)   *   .75
wp(j,i)   =  par(j,i)   *   .25ndifndlf

16 0       continue

Example 2: soil data file Houston.s93

Soils  Data
3         0.320      92.000HOuSTON  BIACK        D

10.000   609.6002032.000
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1.400
0 .170
1.524

50.000
1.744

10.000

1.loo        1.500
0.170         0.170
1.524        1.524

50.000      50.000
1.744

10.000        5.000



o.oo            o.oo
2032.000

o.oo            o.oo            o.oo

The fouowing (below the column numbers) shows the form of the Houston Black soil data
extracted from the soils data base via Runsofls (file houston.s94):

12345678
12345678901234567890123456789012345678901234567890123456789012345678901234567890

HOUSTON  BIACK
2HOUSTON  BIACK
Ma]Elm]m  rooting  depth
Texture
Depth  (in)
Bulk  D.zigity  (t/n**3)
Jtwallabl.  Water  Cap  (in/n)
Sat.  Cond.   (in/h)

.00

.00
609.60              2032.00

1.40                      1.50
.17                         .17

1.52                      1.52
Orgranic  Carbon  Cozit.nt (96)                      1. 74
Clay  Colitent   (96)
Silt  Content (96) **
Sand  Content (96) **
Rock  Fragmez)ts (96) **
Molgt  Soil  JLlb®do**
I)I:]r  Soil  JLlbedo**
USE.I  =rogion  K-Factor
Salinity
Initial  N03  Cozic   (g/t)

50.00                    50.00
.00
.00
.00
.00
.00
.32
.00

10.00                      5.00

mmst(17):ManagementinDutdata.i.e.schedules(ex.3-wsf.mgt`

Example: file 3-wsf.nngt
RRattl..nake  Cr.®k  Wac.rfih.a  -Crop  D.Ca  for  Th.at-Borqihun-rallov:   3-oref .not
1300

6      25                               51650.00        4        1.00        660.00              .00        a              a              a

5         1                               11650.00         3
1010                               51650.00         3

9      20                               11650.00        4

0.00         30.00         0              0              0
0.00         30.00         0              a              a

0.00        30.00         a              0              0

rll® fo-ts
tltl®                                       (,)
lgro, zirot, zizBqrt, nptot        (11,13 , 214)
for  lro=1,arot:                     (214,2(f8.3,14),3£8.3,14,2f6.3)
--Do  ida    hu.a  ltlll            hu  I)crp      alrqr        azilt        pho.1zip    pant  cn2up

Note: For winter crops, do the following, as shown above.
set igro=1 to indicate that plants are growing from the first of the year;
specify the harvest operation (5) first; follow this with the planting
operation ( 1).

a   IF   P=RENNIZLII  VEOEdiLTION,   ENTER  START  AND  END  OF  GROWING   SEhsoN
a                   IN  EIIAC=   OF   PIABITING  JLHD  IIARV=8T
c              zirot  =nuzbb®r  of  y.are  of  rotation  in  I)imilation
c              no  =  not)th  of  plaziting
c              ida  a  day  of  planting
c               huBc  =  b.at  unit  Bch®dullz)a
c              ltill  =op.ration/tillagr®  cod.  nuznber
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hu  =  heat  units  to maturity
ncrp  =  crop  identif ication  nuznb®r
airg  =  azrount  of  irrigation  applied(in)
anit  =  azrouzit  of  nitrogen  applied  (kg/ha)
phoB  =  amo`int  of  phoBphorug  applied  (kg/ha)
1np®st  =  pesticide  ziumb®r
pamc  =  p.Bticid.  amount  appli.d(kgr/ha)
cn2up  =  SCS  zllnof I  curve  ziumb®r  update

read  (17,'(a)')  title
read  (17,5802)   igro(i),  nrot(i),  rmgt(i),   nptot(i)

5802    fomat   (il,i3,12i4)
i£   (igro(i).eq.1)   then

alai(i)   =  1.
din(i)   =   3.
g(i)   =   .2
npl  =  1

end  if
do  iro  =  1,  nrot(i)

r.ad  (17,5800)  no,   ida,  bugc,   itill,  hu,  ncxp,  airg,  anit,

5800
*                  phog,   inpeBt,   pant,   czL2up

format   (2i4,f8.3,i4,f8.3,i4,3f8.3,i4,2f6.3)
end  do

ITII.I.      op.rat ion
1         plant
2         irrigat.
3           f®rtiliz®
4         apply p.gticld.
5          harvest  azid  kill
6        till
7          harv.fit  only
8          kill  ollly
9            grrac e
0          initialize  cumulative  operations  for  all  clagg®g  (1-9)  to  zero.

mco(18\: Mgmt codes. i.e. stress factor threshholds:(ex. rat90.mco)

Specify stress factor threshholds for rrigating and fertilizing "automatically" during
crop growth seasons.

Example: ffle90.mco
Rattl.|zLak.  Cr..I  W-t.reh.a  -  NCO  Ill.  for  S`ibb.elzi  1

1              0.9           a.15                   0                0.                    0
.500                              1.000      21        2        1

0    our.a(no,1)     1-6
a    v`ir.a(flo,1)   7-12
0    mirch(no,1)     1-6
0     w`irch(no,1)   7-12
0    miehal(no,1)     1-6
0     truflh&1(no,1)   7-12
a    vud®.p(no,1)     1-6
0     tirud..p(no,1)   7-12

title record
irr      wsf     efi  irrsub   wurtn  irtnsb              (i4,2f8.3,i8,f8.3,i8)
ansf    fumx    anmx   idmn ipman lafert  forgn  forgp (3f8.3,3i4,2f8.3)
<  then 8 records as above, (6fl0.1)  >

read  (18,'(a)')  tlcl.
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a        lrr  =  1rrigratiozi  =  1  automatic  b]r inter  stregB
a                =  -1  iz)put  date  azLd  azrount
c              =  o  Ilo  irrigation
a        waf  =  1f  irr=1,  wf)I  =  water  str®gs  factor
c       ef i  =  irrigation runof f  ratio
c        irrsub  =  gubbagin  to  remove  tb®  water  from
a       tmirtn  =  fraction  of wet.r ug.  that  r.turns  to  Btrean
c        lrtnf)b  =  Bubbagin  that  the  I low  r®turng  to
c        angf  =  nitrogren  stregg  factor  to  trigiger  fertilization
a         fnm]t  =  Boil  N  1.v®l  to  fertilize  to  (kqr/ha)
c         arm]E  =  na]E  anouzit  of  N  that  can  b®  applied  in  one  year  (kg/ha)
c        idmn  =  minlmlm  interval  betveen  fertilizationg  (days)
c        ipnan  =  P  fertiliz®r mazLagienent  for  auto  fertilization
c         ipan  =  3,  high  Danagrement-re5tor®g  El  in  upper  2  layers  to  30  ppmL
c         ipman  =  2  medlun maziagement-restores  P  in  upper  2  1ay®rg  to  20  ppr
a         ipman  =  1  1onr management-restor®B  P  in  upper  2  layers  to  10  ppm
c       laf.rt  =  Soil  layer  that  fertilizer  i8  applied to
c        forgn  =  fraction  of  organic  N  in  fertlliz®r
c        forgp  =  fraction  of  organic  P  in  fertilizer
c        wures,  wurch,  wughal,  tirudeep  are  average  not)thly water  use
a        from  the  reservoir,   roach,   shallow  and  d®.p  aquifer  Btoragr®f)   (ha-in)*    Fo-ts i
7200     £omat   (i4,2f8.3,i8,f8.3,i8)
7201     fomat   (3f8.3,3i4,2f8.3)
7203     fomat   (6flo.1)      I   ****fomat  changi®  for  swat  pc
*
read  (18,7200)   1rr(i),  waf(i),   efi(i),   irrsub(i),  irurtn(i),   irtngb(i)
read   (18,7201)   angf (1),   fz)nx(i),   azm)t(i),   idrm(i),   lpman(i),

*            laf.rt(i),   forgn(i),  forgp(i)
read   (18,7203)
read   (18,7203)
read   (18,7203)
read   (18,7203)
read   (18,7203)
read   (18,7203)
r.ad   (18,7203)
r.ad   (18,7203)

(wureg(mo,i),mo  =   1,6)
(wures(mo,i),mo  =   7,12)
(wurch(mo,i),mo  =   1,6)
(tinLrch(no,i) ,z[Lo   =   7,12)
(w`igbal(mo,i),mo  =   1,6)
(tirugbal(mo,1),mo   =   7,12)
(irud..p(mo,1),mo  =  1,6)
(wud.®p(mo,i),no  =  7,12)

£w(19`: Groundwater input data (ex. rat.gw`
Results based on data from this ffle, evaporation from groundwater, can be

rreplaced by results from Modflow if Swat and Modflow are coordinated.

Exalnple: file rat.gw
I)tJ)Ofr  aRouHDVAT=R  nLTArll.I                                                                                                                                              ( 1

.00000            .00000            .00000            .15000         1.00000            .00000         1.00000            .00000       (2
loo.00000                                                                                                                                                                                                    (3

GWHT   =   INITIAII  GRotJNENJLTER  II=IOHT   (H)
OWQ  =   INITIJLli  oRot)NDrmTER  Prow  coNTRIBUTloN  To  STREZL)DI.ow
ABF   =  AI,Elm  FAcroR  FOR  OROuNDWATER
SYI-D   =   8E'=CIFIC   YIELD
D=IAy  =   GROuNDWAmR  I>=I.]Ly   (nAys)
Rclmoc  =  FR]LCTloN   (o-1)   oF  Root  zoN=  p=Rc  "niT  Ei=RcolAT=s
PJLST   SIIAIIIOW  GW   INTO   D==P   GW
REv]Lpc   =   REVAp  COEFF-FRACTION  OF  REclnROE   (ROOT   zON=  pERc)
TIIAT  OOES   TO  REVAP
REVAP)Dl  =   RFVLP   STORAGE
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read  (19,'(a)')  title
read   (19,5301)   gwlit(1),   grtq(i),   abf(1),   syld(i),   delay(i),

*            revapc(i) ,  rchrqrc(i) ,  r.vapz)(i)
I.ad   (19,5301)     d®.pst(i)

5301     fomat(8flo.4)      I   c*****forzDat  changre  for  swat  pc
abfl(i)   =  exp(-abf(1))
d.lay(i)   =  exp(-1./(delay(i)+1..-6))
rchrg(i)   =  g1,,q(i)
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wgn/20`: Weather generation inDut (ex. rat.wgn

Example: ffle rat.wgn
KS      PRJLIT   KS
72.900125.730      45.000      37.600   330.000         1
6.20      9.5014.50   21.20   25.70   31.40   34.50   33.70   28.90   23.0014.00      8.10

-6.80   -4.40      -.20      6.3011.6017.0019.8018.8014.10      7.90         .30   -4.70
.40         .34         .27         .18         .13         .10         .07         .08         .13         .17         .23         .32

249 . 00315 . 00414 . 00516 . 00563 . 00639 . 00636 . 00573 . 00486 . 00368 . 00279 . 00229 . 00
8.13      2.54      8.13   42.16   24.38   34.04   41.66   29.97   29.7212.9519.56      9.40

.09         .11         .13         .17         .22         .20         .19         .18         .15         .11         .09         .09

.26         .31         .33         .34         .43         .43         .37         .35         .35         .42         .37         .32

.oo         .oo         .oo         .oo         .oo         .oo         .oo         .oo         .oo         .oo         .oo         .oo
4.57      7.11      8.13      9.1410.6711.9410.4110.4110.9212.19      7.11      6.35
5.08      8.38      9.4014.7312.9514.4812.4512.9514.2217.27      9.14      7.62
1.30      1.36         .67      4.95         .98      1.03         .98      1.71      1.58      2.65      2.32      1.08

-6.34   -3.8e   -2.Oi     4.20   11.2O   15.77   17.58   16.47   12.12      6.56      -.20   -4.31
5.57      5.65      6.47      6.27      5.65      5.91      5.11     4.94      5.32      5.47      5.46      5.46

TP5   =   TP-4o   1o   ¥EZLR  FREQ.    .5   H  RAINF]LLI.   (m4)
TP6   =   TE'-4010   YEZLR  FREQ.    .6   H   RAINFAI.I-   ()di)
Tp24   =   No  ¥EZLRs  REcoRD  inx   .5   H  RAINFAI.I.   (iDt)
YLT   =   IiJLTITtDE
read  (20,'(a)')  titl.
read   (20,(4f8.3))   tp5(i),   tp6(i),   Cp24(i),   ylt(i)
oB)d[  =  ]Lv  MO  MAx  TED  c;   oBioI  =  Av  Mo  MIN  TEED  a
r.ad   (20,(12f6.3))    (oho[(ho,1),no  =   1,12)
road   (20,(12f6.3))    (oho(no,i),mo  =   1,12)
CVT  =  COIF  OF  VAR  FOR  HO  "D
road   (20,(12f6.3))    (cvt(mo,i),mo  =   1,12)
do  777  no  =   1,   12

if   (CVE(mo,i).gt.O.36)   CVC(mo,i)   =   0.36
0BSL   =   JLV  MO   SOL   RJL
r.ad   (20,(12f6.3))    (obgl(mo,i),zno  =   1,12)
WI   =  Ho  ]IAx   .5H  RAIN  FOR  p=RloD  oF  RECoRD(m4)
r.ad   (20,(12f6.3))   win

I(1
I(2

I(3
I(4

I(5

ngin   condition
1          in.agur.d  gingl®  ralngag®
2         91"1at.a  single  ralngag.
3         n.af)ur.d miltlpl®  raingag.g
4          .imulat®d miltipl.  raingrageg
zbeim    condltlon
1          neagur.d  slngl®  t®xp®ratur®  for  entire  basizi
2          sim`ilat.a  gitigil®  t.zbperature  for  ontir®  basin
3          in.asur®d  temp®ratur®  for  each  sub-basin
4          gimilat.d  texperature  for  each  Elub-basin
c  pRw(1)=  HONTlny  pROB]\BII.ITy     OF  w=T  Ply  AFTER  DRy  nALy.
c  pRw(2)=  MONTHI.I  pROELnelLITy  OF  w=T  Day  ]LFT=R  WET  my.
c  RST   =  MONrmy  DEILN  EVENT,   sT  D=v,   AND  sREw  cO=F  OF  nALII.I  RAINF]LLI,.

read   (20, (12f6.3))    (prtlr(1,mo,1),Ino  =   1,12)
r.ad   (20,(12f6.3))
road   (20,(12f6.3))
I.ad   (20,(12£6.3))
r.ad   (20,(12f6.3))
I.ad   (20,(12£6.3))
r.ad   (20,(12£6.3))
I.ad   (20,(12f6.3))
do   1701   j   =   2,   10
I.ad   (20,(12f6.3))

(pzw(2,zro,i),zbo   =   1,12)
(wvl(ztLo,i),no   =   1,12)
(rat(mo,1,1),mo  =   1,12)
(rgt(mo,2,1),no  =   1,12)
(rgt(no,3,1),Do  =   1,12)
(denipt(no,i),mo  =   1,12)
(uavm(mo,i),zno   =   1,12)

(voha][(mo,j),mo  =   1,12)
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C road   (20,(12f6.3))    (vohazL(mo,j),mo  =   1,12)
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Appendix 8: coordinating Swat and Mod flow programs

Punning Swat and Mod flow

Swat (executable file Swtmod95.exe) can be run with or without calling Mod flow.
Swat writes a summary of hydrologic results for each aquifer time step to a balance file,
which can be read on a subsequent run of Modflow (executable file Modswb95.exe).  As
an example, Swat and Modflow are executed separately at the DOS prompt for a case
named "com90dc" as follows:

gtlrtmod95     >corn90dc. jou
nodgwb95     <corn90dc.rap    >>com90dc.jou

In these command lines, files com90dc.rsp and com90dc.jou represent redirected
input (from the keyboard) and output (to the terminal); the second command line indicates
with ">>" that the redirected output is to be appended to that of the first command line.

For this case, the conditions to be simulated by Swat correspond to files hsted on
file com90dc.cio; those to be simulated by Modflow correspond to ffles listed on file
com90dc.rsp. Just prior to executing Swat, file com90dc.cio must be renamed "file.cio",
which is read by Swat at the beginning of execution.  This ffle associates the names of two
files with case com90dc: a standard output file com90dc.std written by Swat and an
options input file com90dc.cod described in Appendix A.  This input file specifies options
for Swat-Modflow coordination and added Swat options, including the name of the
balance output file, (com90dc.bal), on which Swat's results are summarized for each
aquifer time step in a format designed to be read by Modflow on a subsequent run.

The "response" file com90dc.rsp (shown below) provides the keyboard responses
to Modflow's queries. Modflow fITst prompts for the case name ("com90dc" on line 1)
which becomes the prefix for its standard output file (~.pin) and a "log" ffle (~.log).
Mod flow then prompts for the names of input files to be read by its various packages.  File
tbss.swb is shown as the input file for the MODSWB package; the last line of this file
should contain the balance ffle name com90dc.bal, from which Mod flow obtains Swat' s
results for this case.  Swat and Modflow can optionauy be run together (option iopswt), in
which case Swat calls Modflow at the end of each aquifer tine step after completing daily
watershed simulations, as previously summarized.  In this case, the two commands shown
above are replaced by

gwtnod95     <corn90dc.rep    >corn90dc.jou

The fonowing is a listing of "response" file com90dc.rsp:
cor-90dc
6061Iwac
trade
6084ur
6084
6084
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ca8.  nan®   (~.log,   ~.pm,   ~.rep)
.I)a.  unit      1  BafiLc  pack-g.
.bcf  unlc      7  Block-c.nt.red  flow
..r.I  unit       5  W.11:   .7*giir  rlgbc.
.rlv unit     e  Rlv.r
..ut  uzilt    65  ®vaporatlozi



cb8f'
6084
Crab.
trace
6084

loll  vat.r  bal.zic®
R®ch&ro®
Strongly  lDpllclt
Output  control
8tr.utlov

The file device numbers shown above in the response file hating identify the device
numbers used in the individual package input ffles, especially for reading arrays as
described in the Mod flow manual.  These device numbers are somewhat arbitrary with
certain constraints.  They must he within the range allowed for the compiler (1-255 for
Lahey) and must not conflict with the use of device numbers for other files such that input
files are armihilated.  The range 61-74 is recommended as a safe range for these device
numbers, although the use of many numbers outside this range may cause no harm, as with
the above case.  The ffle device numbers used by Swat and Modflow are hated below.

Compiling and linking Swat and Mod flow

ComDilation under Lahev Fortran
The Lahey compiler command f7713 is used with specified options to compile

Fortran source files named "~.for"; e.g., file modmain.for is compiled by issuing the
following command at the DOS prompt:

F]]Ti3  Trtyoa"Ln     N0lri] lBl"CrDlrlEIHlllulklLIorplrlQ\l"Q[2JrlQ3lRIr[Slnr[rv rw MunzI

TThe compifer responds as follows, hating the definitions for the above options; options
that are not defaults are shown in boldface.

Cogbpiling  nodmin.for,  a  Standard  Format  Source  File

OPTION     DI=SCRIPTION                                                      OPTION     DESCRIPTION
/no     -  Stazrdard  FORTRAN  77   InelllcIT         /  1I     -  I.ln®-nuzbb®r  traceback  table

-  G.n®rat.  387  con.tent.  and  cod.  /  El    -  Prot.ct  conetant  argunentg
-  No  80486  optimization.                       /ziQ1  -   Nunlinit®d.  NDP  Stack
-  Optiniz.  inter-etat®n®nt                /nQ2  -  No  prot.ct.a-mod.  RPC

No  allocatabl.  array  ch®cklzig      /nQ3  -  No  r.al-mode  RPC
Ch.ck  array  gubflcript  Bound.        /  R    -  Re±e±ph.r  local  variabl®g
Ignor.  nozi8tandard  u8ag.
INT=G=R  conetante  4  b]rt®8

-  DIRECT  Ill.a  without  h®ad.re
-  Hardcopy  fiourc.  listing
-  Check  gubprogram  Int.rfac.I)

/nK    -  G.a.rate  80x87  cod.

/ns    -  No  Sot.D  I il.  cr.at®d
/nT     -   INT=O=R*4,   I.OGICJLI.*4  default
/  V    -  VAX  Fortran  int.rpr.tation
/  W     -  Display  Warning  aef)eag®B
/  X    -  Crog.  r.f.r®nc.  &  allocatLozl
/nz1  -  B®tt.r  SOLD  d.bugglng

Conqplllng  lln.  3 a               program nodmaln

A batch ffle named f77log.bat, listed below, is actually used to accomphih the above with
the co-d
£771og modrln

The name "modmain" on the command line above is passed as argument "% 1" to batch
file f77log.bat, which is used to direct compilation of ffle modmain.for and to retain
results of the compilation on ffle modmain.log.
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echo  of I
I.a  fll®  f77loo.bat    .pp    Jab  14  1993
1f  not   1'9€1.I-1'1'   goto  b.glzi
•cho  Conpll.  rortrazi  77  eourc.  fil.  uzrd.r  I,ati.y  f771-en/32  v.5
echo ,
•echo  Ulag.:  f771og  Ill._nan.
®echo  Thle  lzLrokefl  the  I.ah.]r v.5  conpll.r vlth  . p.rtlc`ilar  g.t  of  evltch..,  1...
®cho  F1 ]uRi  frl. _ublrv.   I rw® I r[rl I a I rNf: I D I rn I Hl iDl I raRI I I 0 I P I uf |h I uqa I ry[|Ri I Rl r]S I Hit lv IYI I X I rrk;A®-.
•.cho  Not.:  .p.clfy  .ourc.  Ill.  nan.  wltho`ic  .)Et.zillozi  I.£orl.
echo             Conpll.I  dlagzio.tlce  ar.  I.dlr.ct.a to  Ill._nan..log
echo             Ccxpller  avltch  d.flnltlozLe  vlll  allo  app.ar  tb.r.j  or  to  ..®  ozily
echo              Ch.  d®flnltlon.,  typ.i
echo                        £7713-.
echo  One.  coiBpll.d,llzik  obj.ct  nodul..  Ill.1.obj I,  Ill.2.obj ,... I  to  produc.
echo  an  .]E.cutabl.  Ill.  Ill.1..)I.  a.  £ollove:
echo                 38611nk  fil.1[,fil.2 ,... I   -.]pbol
®ctro .
echo  The  -.]pbol  .vltch  lncl`id ..-. ]pbol  tabl.  ln th.  .]E.cucabl. nodule.
echo  The  -.]Ee  .vltch  lzi  th.  £ollovlng  .)Eazbpl.  .p.cl£1..  an  .)I.c`itabl®  nochil.
echo  nan.  oth.I  than  Ch.  fir.C  object  fL1®..  bane,   ..gr.  proqim..]t.  b®1ov:
echo                  3e611zik  fL1.1[,Ill.2 ,... ]   -eyBbol  -.]Ee  progzD..]E.-.
•cbo  For  nor.1nfornaclon  OZL  ccqnpillzig  and  llziklzLqr  ...  I.ah.y  Programer..  R.I.I.zic..
qroto  nd
sbcola
1£  .]E1|t  9.1.for  qroto  ccxpll.
echo  rll.  *1.for  not  fo`ind.
qroto  ed
:ccxpl1.
echo  Ccapll.  ILL.  &1.for  uzid.r  I.ah.]r  v.5/  dl-qrzio.tic.  dlr.ct.a  Co  *1.log
FllT;RI  *L   I "f J I FTn I B I rNR I I) I r]I I H I I I r]nl I. I a I P I twqh I "qai I "f |R I R I r]S I "nJ IV IVI I Xl tjz;1  >*L .Log
3ut
echo ,net

LinkingswAT and MODFLOW

To link Swat and Mod flow so that Swat may optionally can Mod flow, the
command lswtmd95 is issued at the DOS prompt, which produces the executable file
swtmod95.exe.  The batch file Lswtmd95.Bat refers to file Swtmod95.Lnk, which hsts
names of all object files associated with Swat and Modflow that were produced by
compiling the source files and are to be linked.  Files Lswtmd95.Bat and Swtmod95.Lnk
are as follows.

file I.swtnd95.Bat :
r.n  fil.1f)iirtmd95.bat  flpp    26  May  95    IIlnk  programe  Swat  a  Hodflow
r.a  liah.]r  v.   5.1:
r.in not.:  th.  -a  b.low  r.I.rg  to  file  .wtmod95.1zik,  ithlch  liete  obj.ct  fil®B.

3861ink  @Butmod95  -e]rtyol  -lib  grapb3  -.tub  runb  -.]E.  Btctmod95.®x®

file swtmod95.Ink:
I   £11®  |utnod95.1a*    11.t.  obJ.ct  Ill..  for  llzik.d  stoat  .I)A  Hodflotr,   az)A  11
I  r.I.rr.a  to  by  I.tirtnd95.bat.
I

flw.tn-1n        I  naln
blockd, cllcon.p, crpndepp, r.adlnpt , e`ibba.1n  I lzrdlvldual  tw.t  nodul.I
ev.ta-., evacf-o, at.atp-r,.tiratfi-y  I  Swat  nodul..  gro`ip.d  alphab.tlcally
h)rdbal, Boll.tat   l8`o-t  hydLrologlc  b.1azLc®i  pal.  fl`i]E..  b.tee.zi  twat  &  Hodflov
p.zinazi                                Ilzrd®p.zid.nt  calculation  of  r.I.  =T  (P.z"n-Hotit.1th).
zpodflo       I  Modflow'B  nalti  routlzL.,   ch-ng.a  lzito  a  eubro`itln.  call.a  b]r  Swat
Dodbe,
DOouf
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pod.vi      I  nodl£1.a  to  .`izB"rl=.  .vac  frca  aqulf.r  for  .ach  eubba.1zi
aedrch
drodfl rf        I
aedeub       I
aeducI       I
aedpcg2     I
nodl,b       I
nod.trdw  I
.trnrc      I
p 1 tt,av       I

v.r.lob  of  W=I.I p.ck.g.  for  our£.c.  wac.r  dlv.rllozLe
lz)clud.I  W=LI.  nodul.,  nodl£1.a  to  .llov  a  Co  chang.  at  ..ch  tlzb.  ®C®p
utlllty p,ck-g.
nor.  or  I...  8tand.rd Hod!1ov
nodul.  add.a to  coordlnat. vat.rfih.a vlth  .tr.an a  aq`ilf.r
v.r.lob  of  STR=»t p.ck.g.  w/  option  for  dlf fu.Lv®  routlz)g
•ubroutln..  a..ocl-ted vlth  dl££u.Lv.  routlz)a  option
routln®  to  di.pl.y  flood vav.  elnulaclon

Similarly, the command Lmdswb95 links Modflow as a stand-alone program
producing the executable ffle Modswb95.exe.  The batch file Lmdswb95.bat refers to file
Modswb95.Ink, which lists the names of all object files associated with Modflow.  Files
Lmdswb95.bat and Modswb95.Ink are as follows.

a)          ffle Lmdswb95.bat :
3861ink  @modf)vb95   -.]qdDol  -lib  graph3   -Stub  I:unb  -.x®  modf)vb95.®x.

b)          file Modswb95.Ink:
modztlain          I   mainlizl.
modf lo , modbag , modbc I , mod.vt , modrch , nodBub , modut 1, nodpcg2
nodgrf,zBod.vb,nod8trdw,Eltrmrc,pltwav

Data file device numbers used for Swat and Mod flow
A large number of input and output data files are coordinated for a combined

execution of Swat and Modflow.  The Fortran code for these programs is compiled and
linked under Lahey Fortran, which was installed with an anowable maximum of 255 data
files open concurrently on device numbers from 1 to 255.  Swat file device numbers run
from 1 to 57, except for 70, 77, and 80-81, as listed below. Modflow currently uses device
numbers 1 (Basic package input file),  116 (standard output ~.pin),  117 (log file ~.log),
150-161 (unformatted output files for "saving" results), 217-220 (summary files), and a
set of device numbers specified by the model input files.  For these, the range 61-74 is
recommended to avoid conflict with other data files.  Although many numbers within the
range 1-255 could be chosen other than those already mentioned above, the range 61-74 is
recommended as one safe set of choices.  The main hazard is in specifying a number that
coincides with an output file device number so that your input file is written over.  The
input files shown in the "response" file com90do.rsp for the Rattlesnake Creek watershed
model in the above example refer to numbers outside this range with no apparent conflict.

Swat and Modflow ffle device numbers are listed below, categorized by program
location and source file in which data ffles were opened.

Swat ffle device numbers:

Main program (file swatmodl.h, "included" in file swatmain.for): these were added as

part of changes to Swat and coordination with Modflow.
50 iobal: output to hydrologic balance file (~.bal), named in ~.cod file, written in subr

Hydbal, to be read by Modflow's Modswb package.
51  i0108
52 iopcp
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53 iotmp
54 iorrrat
55 iosol
56 ioet
57 iorad

Subr open (file swatf-o.for): mainly basin-wide input
1 rsvout
2 file.cio
3 sbsout
4 Lwqout
5 pestout
6 stdout (~.std): Swat's standard output file
7 event
8 rchout
10 codedat (~.cod)
11 basndat (~.bsn)
70 kevin.out
77 bigsub

Subr open2 (file swatf-o.for): data base (~.dat) and subbasin input files
10 subdat (~.sub)
11 routdat (~.rte)
12 ponddat (~.pnd)
13 chemdat
14 sofldat (~.sol)
15 cropdat: file crop.dat, crop data base
1 6 napdat
17 mgtdat (~.mgt): crop management
18 mcodat (~.mco): management codes (stress factor threshholds)
19 gwdat (~.gw): groundwater, but input is superseded by results from Modflow.
20 wgendat (~.wgn): historical basis for synthesized weather data
9+j for j=1 to  18 (10 to 27): daily rainfall (mm) for up to  18 stations

27+j for j=1 to  18 (28 to 45): daily min & max temperature (deg C) for up to  18
stations.

Modflow file device numbers:

Subr Mod flo (file modflo.for):
1 inbas (~.bas): input for basic package

116 iout  (~.pin): standard output
117 iolog (~.log): log file
217 iodwl
218 iomeas (~.mea): residuals (calculated -measured heads)
219 iomea2 (~.me2): summary of residuals
220 iorsdl  (~.rsd): another residual file
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Device numbers specified as input (array iunit in ffle ~.bas and in aITay header records):
suggested numbers that should not conflict with any of those specified in Swat or
Modflow as described above:
61 -.bcf
62 -.wel
63 -.din
64 -.riv
65 -.evt
66 -.swb
67 -.ghb
68 -.rch
69 -.sip
70 -.peg
71  -.sor
72 -.oc
73 -.str
74 ~.div surface water diversions

Appendix C.  Extensions to Mod flow input instructions for modswb95

SDecified-flow boundarv conditions /Well Dackage`

Imaginary weus, referred to herein as "model" weus, are used to specify boundary
flow conditions.  These weus are distinguished from "actual" wens that represent pumping
weus.  The model weus are distinguished in the input file for the Weu package by an
aasterisk in column 41, which has to the immediate right of the input file's field for flow
rate.  This is iuustrated by the following excerpt from input file 6084wr.wel:

1234
12345678901234567890123456789012345678901

lqr.r              row       column pump  r.t.*
1                      44                      56      -33773.9
1                      17                      21      -32222.5
1                     18                     21      -21959.a
1                      19                        9      -56091.a
1                         3                         7      112388.8*
1                         4                         6      49794.62*
1                         5                         5      42906.26*
1                         6                         4      54999.23*

TThe first four records above identify layer, row, column, and pumping rate (ft3/day) for
actual weus; the second four records identify boundary conditions with "model" wens.

Unformatted outDut file oDtious

The table below shows the scheme used to implement the unformatted output
options in Mod flow.  These options are described in the Modflow manuals under the input
instructions for the respective packages; see MCDonald and Harbaugh ( 1988) for all but
the stream package documentation, which is documented separately by Prudic ( 1989).
Contents of the table columns are as follows.
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Contents of table column
name of Modflow input flag to specify unformatted output;
file device number to which unformatted output is written;
file name is formed by attaching the extension ".unf';
the group of subroutines in Mod flow associated with the flag;
which routine in Modflow's package' s that reads the flag;
tion of some of the unformatted file's contents.

Colurm
input flag:
device:
file prefix:
package:
subroutine:
outDut : descri

input flag     i: device(i)     fileprefix      package
ihedun            1  (151)
iddnum         2 (152)
ibcfcb            3 (153)
iwelcb           4 (154)
idmcb            5 (155)
irchcb            6 (156)
ievtcb            7 (157)
irivcb              8 (158)
istcbl             9 (159)
istcb2              10 (160)
ighbcb             11  (161)

mo dhed         o c
modddn
modbcf
modwel
moddm
modrch
modevt
modriv
modstl
modst2
modghb

subroutine     QE42E!
bas 1 rp            heads
bas 1 xp           drawdoun
bcflxp            storage, flow rates
wellal
dmlal
rchlal
evtlal
rivlal
str 1 al              streainbed leakage
str 1 al              streanfflow
8hblal

Consistent with the Modflow manuals, setting any of these flags to a positive
number results in unforrnatted output, contingent on assigning a nonzero value to the
overriding flag, icbcfl, which is described in the output control (oc) instructions.  Contrary
to the manual, however, the positive values assigned to these flags do not serve double
duty as output fiile unit numbers; column 2 shows the urit numbers in parentheses that are
used to write these ffles if the corresponding input flags have a positive value (e.g.,  1).
Column 3 shows the names, au of which have the extension ".unf ', of the resulting
unformatted ffles.

78



Appendix D.  Source code

HYDBAL source code
File c:tswaNIor95\hydbal.for  Perkins `96

Subroutine Hvdbal
*

|ubroutln.  HrDBII.  (kv,1olol , tltl.,baettl, nvf)h.a, I)a.a, e8ub, g.b,
1        flu, fpd, fp, Clr, dt.tiiat, da, pnpnax, tmpdeg, flolrad, r.lhun,
1        iimdflpd,.tcr.I,prl.®t,.utp.t)

*
*                          oth.I  eBtz:]r polntl  1n  thle  .ubroutln.  for  twat-Nodflov  coan.ctlozi:
*   (a)  pal.1rrlqratlon  tirat.r  rlghte   (in)  a.  r®.d  frcm  Xod£1ow'.  ~.v.1  Ill.
*           and  .veporatlozL  fron  t.rut.I  tabl.  a.  calcul.ted  lzi  roDFIA}W:
cccc    .ntr]r  PJl8SrLX  (kw,ziw.h.d, |hed,ppa]t)
*   (b)          p.®.  £1`i]E..  from  array  88ub  ln  fret  to  .rr.y  .h.d  lzi  bodflov;
cccc    .ntry  8VA2roD  (zur.h.a, |h.d,.|ub,..b, flu,tlr)
*   (c)          do  th.  rev.re.  (pa..  Xodflov  r®e`ilc.  1n  .rrair  eh.d  to  ..ub  lzi  twat)
cccc    entry  rot)2SWT   (nweh®d,.h.a,..`ib,..b,flu,tlr)

paran.t.r   (Db  a  loo)   I  na]E  ziunb®r  of  8ubbaeln.  wlthln  th.  big  8ubb&81tle
p.ran.t.r  (nl  =  10)     I  na]E  n`inb®r  of  .oil  lay.I.
par.n®C.I   (zB.`ibo  a  60)        I  na][.  Ilo.  vector.  1z)  .ubba.1n  array  ..`ib

lad.x  llet  for  h]rdrologlc  b&l.nco  conpozl.zlt.  ln  arr&ye  Elf)ub  &  fl8b:
paran®t.r  (a.bbal=20)
din.a.loo  eb.d ( 3 a , nveh.a) , .-ub (a.`ibo, nw.h.d) , a.b ( 109 ) , flu (zLveh.d)

L1.t  of  vat.r  rlghc.  (in/yr)  for  .acb  .ubb&filzi;  pa.g.a  fron Xodflov
via  lnltl.llzlng  c.ll  to  HrDENI  (b.1o.Ir) ,  ned.  £ron  Sv.tmla  Juet
prior  to  .nt.ring  .nnu.1  loop.

din.tillon pDpax ( aw.h.a )
dlD.zi.lot)  fp(nw.h.a)   I  pond  ar.a.  .a  fr.ctlozl.  of  .ubb..1B.

*                  not.:  paran.t.r nbma]E.  zLo.  .`ibb..1zL|  (d.cl-r.a  ln  Ill.  c-ozi.I)
*                                                         nlma)I.   no.   .oil  lay.I.   (coordLZL.C®  I./  na]t  lzi  8WB)

charact.r*(*)  b&flttl   I   ep.clfl.a  ..  ch.r*121zL  Xalno   (for  f]oll  b.l&zLc.*                                                    Ill.  to  ld.ntlfy  tim.  for  .&ch  .t.p.
charact®r*(*)  tltl.     I.p.clfl.a  ..  char*601zL  Malno,   and  lnclud..

*                  th.  phr&fl.  'hydrologlc  b.1.nc.I.  which  ..rv..  a.  a  e®.rch  I.y  for
*                   flzidlziqr  th.  £l`i]E..  to  b®  r.ad.    Tltl.1fi  folloved  b]r  tin.  .top  (e.c).
*
*                   nan..  &  numb.r.  for  .ubba.1z)  output  £11®.  to  b.  I..a  ky]r nodflov:

ch.I.ct.r*600  h.ad.b
din.zL.loll  1.I.ct(20,5) ,   ..1.ct(20,5)

*                   .p.c.  for  hydrologlc  b&lazic..   (.ubr  h]rdb.I) :
dLD.a.loll  ldflu]E (zi.bbal ) , ba..tar ( 5 ) , |tgd.v ( 5 ) ,

1                      |ub.tg ( 5,nb) ,b&.cap (zLebbal ) ,b-.a.v(nebb.I)
*                       corr®epond®nc.  b®tv\..a  .`ibb..1n  .fray  ..ub  azLd  balln  array  ..b
I                        (a.£1zL.a  ln  dac.  .tat.a.zLt  b.low) a

din.zL|1ozi  ld)I..b (b.ubo)
charact.r*10  colhdg(a.`ibo) ,   zL.nvar(a.ubo) ,  b.lhdg(5)
1zit.g.r  lllet(20),1nodfl(20),   Ld]t.2m(20),1d]D2.(20)*                 11.t  of  ltca.  o£  1tit.I.lt:  10ivat.r yl®ld,14-..din.nt  yl.ld,25=.tpot
a.t.  all.t  /3/,   (111.t(J),J-1,3)   /10,14,   25/
data  nunhyd  /12/   IziuJnb.I  of  hydrologlc  bal.nc.  coupon.nt.

*                          p&fl.  hydLrologlc  conpozi.zit.  frcm  Sv.t .... `ib  to  Hodflov'.  flh.ds
*  pr.clp, Lrr, .t , .urq, tlo.. ,1atq, p.rc , qrwr., I.v, grng, pB.p, .toot :
•                 1     22   12           4           13           5        11           9        7        6        16           25

a.ta   (1dflux(I),I-1,12)   /   1,22,12,   4,13,   5,11,   9,   7,   6,16,25/   Icompon.flc®
corr.|pondlzig  11.t  of  v.ctor.  1zL  array  8h.a:

a.ta   (lax.2n(J),I-1,12)   /10,11,12,13,14,15,16,17,18,19,20,21/
d.t.  p .... a  fron lroDFliow back  to  8VAT:       lr.vac,  qrw  r.turn  £1ov

a-t.  nnodfl  /2/,   (lIAodfl(J),J-1,2)   /  7,   6/,
1                                         (1ch2.(J),J=1,2)   /18,19/

corr.flpond.nco b.tv..a  lubba.1n  arr.y  e.`ib  and ba.1n arr.y  I.b:
v.ctor  lln  ..`ib(1,j)  corr..pozLde  Co  v.ctor  ldxe.b(i)
1n  ..b(1dbefl.b(1) ) .

dat.   (naBv.I(1) ,1d]E..b(i) ,1=1,21)/
•ubp*p2.,1,   'pr.clp',39,   .ml.,36,   'ql',3 ,... f',4,
qrvq',104,    'r.v.p',105,    'gtrfl..p.,106,    'g.rchrg',107,
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1            .H20  yl.ld',6,   '..p',5,   I..t',7,   'qtl',38,   'yd.,12,
1             ..v',19,    '|p',20,    'rl.,21,    'qdr.,22,    'pq',13,
1             'o',23,    'yp.,14/
a-t&  a.nvar(25),lax.8b(25)   /'.o.,loo/
a.t&   (nauvar(1),lax..b(1),1=34,41)   /

1             .pq.,16,    -yon.,40,    I)pht,41,    ']rno3',42,    .g.fn',45,
1             .ygp',43,    .uno3',14,    'p.rcn`,46/
d&t&  zLanvar(54),1drE.eb(54)   /..v(J).,35/

10-14
15-19
20-21
25

34-38
39-41
54

dac&   (nauvar(1),lax.eb(1),1=55,60)   /
I.p',25,    'rl',26,    'qdr',27,    ..v',24,    'o',28,    [yp',17/                    55-60

lab.1|  for  hydrologlc  b.lane..  ba..tg  azid  .ub.tg  ccngut.a  b]r  HVDBALI.:
dat.  balhdg  /-.oll',   'vadoe.I,   I.qpilf.r',   I.tr.an',   'ccmbln®dl/

*
*  b.Bln b.I.nc..:  d.
*
*  .oil:          de(1)   =
*
*  vadofl.:     a.(2)   =
*   .q`11£.rs   a.(3)   =
*
*  .tr.aDs     a.(4)   =
*  coobln.a:a.(5)   =

(chang.  1zi  stor.g.)   I  zL.t  flu]E..  1nto  control  volun.

pr.clp  +  1rrlg  -  .t  -  runof I-  p®rcol.tlozi  from  root  zoo.  -  .ubf)urfac.  (let.ral)   £lov;
p.rcol.tlon  frco  root  =ozl.  -  r.charqr.;
r.charg.  +  tr.a.nd..1ozi  lo..  +  pozid  8..p.g.
-  1rrl.atlozi  -  r.vap  -  groundw.t.r  (ba..)  £1ovi
runoff  +  fiub.urfac.  (let.ral)   flow  +  qrw  (bal.)   flow.
pr®clp  -  ®t  -  r®vap

a.C.  ICE.c./1/*                   8.I.ctlon n.Crlx  to  lnclud.  prop.r  ccqBpon.ntB  lzi  balazic.a:
data   ((1.I.ct(1,J),1-1,12),J=1,5)   /

1,1,-1,-1,   0,-1,-1,   0 a,
0,    0,    0,    0,    0,    0,    1,-1,    0,    a,    0,    0,
0,-1,   0,   0,1,    0,   0,1,-1,-1,1,    0,
0,    0,   a,1,   a,1,   0,   0,    0,1,-1,    0,
1,   0,-1,   0,1,   0,   0,   0,-1,   0,   0,   0/

I Boil
lvado,®
I aqul£®r
I ourfac. vat.I
I ccheln.a

*  ---------- compozi.zLt -------------.. `ib  ldbE..b  ld]E.2D  .ol  vad  aaf  Cur  ccdeln®d
*  our  t.zm      Swat  var.     twat  output                              (*)
*-8oll----------------------------------------------------------------------
*          pr.clp        pep?        I)r.clp                 1            1
*            1rrlg            Clr[1]                                    22         Clr[1]
*             ®t                     a®t             ®t                            12                7
*            qEiro[5]        ad              lurfac.  Q           4              3
*          trap.1        qtl          trap.  log.      13          38
*           ql&C[5]       ..I           .ublurfac.  Q    5             4
*          p.rc_r=      ..p          d..p  p.rc        11            5

..1
-1

*-vados®--------------------------------------------------------------------
*-.a,11£.r-------------------------------------------------------------------
*           r.charge    gvchrg    gv  r.charg.      9         107           17*     .     -1      1
*           .vap[2]       I.v.p       r®vap                    7         105           18*     .        .     -1
*          gir  r.tflo  gvq          groundvat.r  Q  6        lot          19*     .       .     -1
*            pond  a..p  .p   [3]                                    16            20            20        .        .        1
*            qrvy.rc[4]   gwl..p    qrw  p.rc                8          106              0        .        .     -1
*-|tr®an--------------------------------------------------------------------
*         trap.  1o..    (1.  thl.  |uppo..d  to  b.  for  .tr.anl,  will.  qtl  (abov.)
*                                      1.  for  ov.rland  flow?)                                                      -1
*             ®v,p   101,                                                                                                                                      -1
*_..____.__.___-__.__.___--___..-____.....-.____.----.____--..--__-.--------
*   (*)   ld)[82n  column:   (*)   1ndlc.t..  that  th.  coupon.nt  1.  calcul.t.a  ln  Hodflov.
*   [1]  tlr,  v.1qrht.a  .un  o£  1rrlg.tlozi  ov.r  .ubba81a.,  1.  calcul.cod  by  Swat
*          only  ..  .v`g  .zinu.1  valu.  £ollovlng  th.  .1IBulatlon  loop  ozi  y®.rfl,   .o
*          thlfl  eel.ht.a  |`In  1.  calculat.a b.low  for  th.  1rrlqiatlozL v.rlabl.  (1=22)
*         to  ehov  lt  ln  th.  hydrologlc  b-1.zic.  .`Irmar]r  for  any  .p.clfl.a  tlD.  |t.p
*           (dally,  monthly,   annual,  .vg  annual).
*   [2]  bapor.tlon  froD vat.r  tabl.  cot).1etfi  of  caplll.ry  £1ov upmrd  into  th.
*         vado..  zozl.  and pl.nt  upcak. by root.  1n  th.  v.tor  tabl..    Hover.r,  th.
*          ..r®vap.  nod.1  byp .... a  th.  vado..  and  .oil  Son...
*   [3]   a.®p.g.  £ron  pozid.  .nd  tir.eland.  .r®  both  p...®d  Co  Xod£1ov  to  b.  1ziclud.a
*          1zi  aq`ilf.r  r®chargi..   (Note:  .lth®r  p...  th...  a.  .  flow  rat.  or,  1f  lf
*         p .... a ..  .  £lu][,  £1* a.c...ar]r ar.a conv.r.lob..
*  [4]  Thl.  t.in 1.  a.£1n.a  ln  twat  ..  'p.rcolatlon  from  th.  a..p  -qulf.rn,
*          which v.  lonor.  ln Nod(low,  .o  v.Ill  q`ilt  pa..lag  lt  to  Modflov,  and
*         pa8.  th.  poz)a  at)d v.tl.nd  |..paq.  t.rn.  (.bov.)  lzilc.-a.
*
*   [5]  Jlccordlnqr  Co  Elro£.  JIB  Ko.lllk.r,  XBU,   th.  nozicotitrlbutlng  ar..  fractlozi
*          glv.zi  b]r  fp(J)   for  .&ch  .ubb..1n  J  &ff.ct.  both  r.charqr.  azid  .`ibb-.1n
*          flurfac®  outflow  to  .tr.en.  ..  £ollov.a
*          I..t  c  -1-fp(j)  I  concrlbutlzLg  ar..I  fr.ctlozi  of  8ubb..1n  to  .tr.anflow.
*            1)   R.ch-rg®  awR=   (Nodflov§   .hod(17,*),   Sv.t:   ..`ib(9,*)) :
*                 Elut  lroDrLOW'.  a.flnltlozi  of  r.charo.1.  .  coabln&tlon  of  gVAT'.  t®m.
I                 ..  follow.,  vhlch  1.  r.taln.a  ..  .h.a(25,*)   1n  HODBWB:
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*                        GrvR=  -  Qtr.zi._lo..  +  c*Q1.t  +  Qp.rc_rz  +  Qpond_...p;
*          2)   .ubba.1z)  outflow  to  .Cr.an.  -  c*Q.urf  -  Otr.ne_lo.a/c
*          Th.fie  a.£lziltloal  ar.  Lnvok.a  by  ..ttlz)qr  jkkopc=1  1n  th.  ~.cod  input
*          Ill..    It  i.  p .... a  to  Hodflo.Ir  .1th.r  b]r Hodflov..  .rg`m.zit  llf)C  (1f
*          lop.irc>0)  or  vl.  th.  balanc.  Ill.  tlrrltt.a b.low  (1f  lop8ut-0).
*
*r.due.I  both  fiur£.c.  azid  .ub.urfac.
*          ruaof I  contrlb`itlon  to  .tr.ant low  b]r  the  .`ibbaEiizi  cot)trlb`itlziqi  ar.a
*          £racclon  (1-fp(J)).    Th.  r.nalnlng  fr.ctlon  go..  to  th.  ponde.
*          Thle  r.ductlon  le  c.lcul&t.a  lzL  Mod£1ov  (nodul.  nod.wb,   .`ibr  Svel")
*          wh.r.  .urfac.  .I)a  fl`ib.urfac.  r`izloEf  from  .ach  e`ibb..1zi  ar.  add.a  to
*           .Cr®ezb  r..ch®.  &fl  lat.ral  1nflow.
*          Thl.  -Ilo  &f£.cte  th.  Eitr.an  control  volun.'e  balazic.  calculat.a b®lov.
*_----___-_--_-_----_------------------------------------------------------
*  Not.:  th.  .oil  vat.r  b&1anc.  a.  c.1cul&t.d  ln  swat  (.ubr  ewbl20  call.a
*              b]r  twatbaln)   i.  .hovzi  b.low  for  ccmparl.OZL vlth  balatLc..  calcul.t.d
*               I.I.  Ln  Ebrdb-1.    Jll  call.d  froD  8`r&tnaln:
c             cEI=cxlNa  FINAL  80I1,  VAT=R  ELALAne=
*            call   .wbl20(.a(1),.n(3),.I(7),en(4),en(5),Bflb(35),en(38),tlr)
*          argun®nt  ||,t
*            (.wbl)     (nAln)     nan.  ue.a  ln  stiratt.  £iELal  output
*
*          p               .a(1)   a  pr.clp,
*           a               .a(3)   I  .urfac.  Q   (r`inoff),
*           .t             fLn(7)   =  .t   (.ctual),
*           ..£1         in(4)   =  .ubeurf-c.  Q  (1nt.rflow),
*           ol             .D(5)   I  a..p  p®rc   (p.rcolatlozi  out  of  root  Son.),
*   ?        .IIIt            Ilb(35)
*           tr.zL1       .a(38)I  Crazie  lo..
*          tlr         Clr      -1rrig-tlozi
****    .`ibroutlzi.  evbl20(p,a,.t,..£1,ol,fi)I)I,tranl,tlr)   I  ozi  Ill.  .vat8-y.for
C            THls  suBRotJTIN=  cll=cKs  TIP  goll,  imT=R  B^IAioc=  ^T  in  =ilD  oF  A  gIM
****     1nclud.   'comon.I I
****    ."  =  .w  +  p  -  q  -  ..£1  -  b.t  -  ®C  -  ol  -  e]E]E  +  tranl  +  tlr
****     r®turzl
****      ®nd
*__-__.____-___.__.__.-__..-__.---....------_--.-----------------_-__-----.
*  eubba.1a  balazic..:

data  lnltlz/0/
1f   (1nltl=..a.0)   th®zL

lnltlz=1
do  lbal=1,5

do  lccxp=1,20
•®1.cC(1caDp,1bal)   =  1.I.ct(1conp,1b.I)

end  do
b...tg ( 1b.I ) -0 .
etgd.v ( 1b&l ) io .
do  J=1,ziv.h.a

•`lb.tg ( 1b.I ' J , 10 .
end  do

Cad  do
*----------------------__--____.-____----__..----.---__-_---.___...._..-.__.-_
*                            I.vl..d  cod.  from  I.oSTmT:

vrlt.  (h.ad.b, 65010)
65010 £o]:nat   (6x, .8=o  ols   BIG  XoT  eroN   ., I   ]LREAL  RI2    I ,

*            I         I.E`=c   ]Dli ,.         8ilor   iDI
*             '          SNOH  MH' ,  I          SURQ   )Dt
*            i            REv  ]DI.,.      awp=R  iDt
*             .          I.=RC   )OI' ,.               =T  )fll
*             '          P=VE.   ]Df[ ,  I          EIS=P   )I(
*           i      I.slm.  )DI. , -        pour  )ot
*             '         8AQU  Iot[ ,  I         DLQU  th[

IJJITQ  in-un
TLoss  un

E'anl  un
I,SotIT "
=TPOT  rm

*             I          DOH  )I(       I,  I         WBTRS          I,  'THPSTRS
*             .    PSTR  m4.,.         OXON  RI.,.         EiyLD  Rli

OwQ"
WI'D  in
SYI,D  un
PINT  un
Imun
SOw"
NBTRg

HBURQ   RE' ,
*           I      NstnBQ  r=[i,-         Sot.p  in.,.           ilup  Rli,.        iio31.  RI.,
*           .           ptm  ue.,I        IABP  Rli,i        STAP  RIi,.        unLpp  in.,
*           I        p]iE.I  RI.,I        iirlx  RI.,.        D=iiT  RI.,.     mt^oer  ru.,
*          .       ^soN  rHI,.     nthop  xa.,.     )uns»  RI.,.     NrRgp  RIi,
*           '              8W  ID[', 'W.Cl8.p  m',.           ILLI   RI', I           VI.D  m')

'1,2
13-6
I   7-10
Ill-14
115-18
119-22
123-26
127,31-33
134-37
138-41
142-45
146-49
150-53
154-57

I..a   (I..a.b(37!),'(54.).)   (colhdg(J),I-1,27),
1                (colhdg(J) ,Ji31,55) , (colhdg(J) ,J=57,58)

writ.   (kv,.(1x,.).)   .Eardb&l:   .   //  tltl.
n£1eld  -ziunhyd  -  1   1l.av.1a.t  fl`i]E  (.tpot)   out  ot  b.lane.  &  EiumAr]r  £11®.
wrlc.   (1o.ol, I (.12,25.8) ')  ba.ttl,

1                   (colhdg(1dflux(I) ) ,I-1,zi£1.ld) ,   (balhdgi(I) ,k=1,5) ,
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I   I.np    C',colhdg(25),'rad,ly/d','   r.1.hiin-,'   u2,a/.I,
I   =tR.£ian', '     Prl..t',.   stratp=T'

1d]E25   =   1d]Eeaib(25)
1f   (1trac..qit.O)   tb.a

ltrac®  =  0
`rrlt.   ()Ew, I (1x,.) I )   .Fir.t  60  col`mn  h.&dlng.: I
urlt.   (kv, I (2(215,2(1x,.) ) ) . )

( J ,1dbE.fib ( j ) , zianvar ( J ) , colhdg ( I ) , J il , "ubo )
vrlc.   (ke, . (1x,a,13,1x,a) I )

•Wrlt.. ,nfl.1d,I fl.ld8  to  HODFliow  .ulnnar]r  Ill.a: .
do  J-1,nfl.1d

vrlt.   (tw, I (15,1x,al0) I )   ld£1ur(j),coLhdg(1dflurE(J))
®zld  do

end  1£
r.turn   I   frca  lnltlallzlng  call  to  HYDELALlh

®z)a   1£
*.-__-_.-_-___.__--_--__---__----___---..-____..._--__----------------------

tirrlt.   (her,.(fl5.0,a,t26,.) ')  dtevat, I   (d.ye)   I,titl.
*                   1nltlallz.  balanc.  array.   (b..1z)  and  .ubb..LIL.) :

do  lbal=1,5
ba..tg(1b.I)   I  0.
•tqrd.v,ib.I,   =  0.
do  J=1,nw.h.a

•ubBcgl(lb.I,J)   -0.
®ad  do

Cad  do
* ----------  accunulat.  d&1l]r  b-lane..: ----------------------------------

do  lcomp=1,n£1.1d
1   a  1dflu]E(1conp)    11  =1nd.]E  Co  hydLrologlc  conpon.ate   (.ubba.1zi)
1f   (1..q.22)   tb.zL       llrrlqratlon

b.flcnp(1ccxp)   I  a.
do  J-1,nw.h.a

b..cap(1ccxp)   I  b..Gnp(1caDp)   +  flu(J)*..ub(1,J)
end  do

®1,®
1b-  lax..b(1)        11b=1zrd®]E  frcm  eubb..1zL  to  ba.1n  coupon.zit8
ba.cap(1conp)   =  a.b(1b)

end  lf
a..crib.  |ubba.1n a.vl&tloa  frca b.8ln aean vlth population
etazLdard  a.vlatlon  (Sn.a.cor  &  Cochran,1980,   7Ch  ®d.,
Iowa  St.C®  Unlv.   Pr.a.,   p.29)i

b.ed.v ( 1coxp ) = 0 .
.ccq,rd  I  0.
do  J=1,ziweh.a

b.|d.v(1conp)   =  b..d.v(1comp)   +
flu ( J ) * ( ..ub ( 1, j ) -b.ficap ( 1coDp ) ) * * 2
actlv.  girldd.a ar..:

•ccgrd  =  actgrd  +  da*.h.a(1,J)*.h.a(7,j)
®nd  do
grdfrc  =  .ctgrd/a.
b..d.v(1conp)   ii  SORT(b..a.v(1coDp) )
1f   (1ccmp..a.1)   th.a

vrlt.   (Xw,210)   .1d  So  Va  JLq  gt  To  Sb  Ba.  Bh  cozpon.nt'//I      a..a    .td a.v., (I,JI1,nv.h.a)
fomac   (1x,.,t53,1018/, (t53,1018))
vrlt.  (kv,220)  da,'  h**2  .I .-.,

'£r.ctlozi.i ' ,   (flo(J) ,j=1,tlw.h.a)
fo=nat   (fl5.3,.,C29,.,t53,10f8.5/, (t53,10f8.5))
writ.  (kw,225)   'pond.  (-I..1  fr.ctloti.): t,

£pd, ( fp ( J ) , J =1, nwflh.a)
vrlc.  (h,225)   I.ctlv.  grldd.a  Er.ctlozLs I,

qirdfrc , ( .h.a ( 7 , J ) , J I 1, nw.hod)
fomat   (t2,a,t39,f8.5,6x,10f8.5/, (t53,10f8.5))

end  lf
t4rlc®   (kvr,230)   1coDp,    (1.1.ct(lcoDp,J),J=1,5),

1,1dx..b(1),   lax.2n(1comp),   colhdg(i),
b&.cDp ( 1coDp) ,   b..a.v ( 1ccxp) , ( ..ub ( 1, J ) , J =1, zlv.h.a)
•v.lu.t®  bal.zLc.. :

£oz"t   (713,14,13,-,2f7.1,10f8.2/, (t53,10£8.2))
do  lbal=1,5

ba.1n b.lane.. i
ba..tg(1b.1)   -  ba..tg(1bal)   +

I.I.ct ( 1caBp ,1bal ) *b..cap ( 1coDp )
•ubb-.1n  b.1.zicea I

do  J=1,nvlh.a
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240

250

•ubetg(1bal,J)   =  fiub.tg(1b.I,j)   +
I.1.ct ( 1conp, lb&1 ) *..`ib ( 1, J )

end  do
Cad  do

end  do
a..crib.  .`ibb&|1zi b.lane.  d.vlatlon  frca ba.1n b.lane. vLth
population  et&zLdard  a.vlatlon  a.  above:

do  lbal=1,5
•tgd.v ( 1b.1 ) =0 .
do  j=1,ZLv8h.a

ltgd.v(Lbal)   =   aitqrd®v(1b.1)   +
flu ( J ) * ( .ub.tgi ( 1bal , j ) -ba. ®tg ( 1b.I ) ) * . 2

end  do
•tgd®v(1bal)   -SORT(8tgd.v(1b.I) )

end  do
vrlt.   (kw,I(1x,.)I)   'B-lane..:.
do  lb.1=1,5

iirrlt.   (kv,240)   lb.1,balhdg(ibal) ,
ba.ecg(1bal) ,   .tod.v(1b.1) ,   (Sub.tg(ibal,J),JI1,zLveh®d)

format   (13,t29,.,2f7.1,10f8.2/, (t53,10f8.2))
end  do
rhpct  =  r.lhun
write   (1o.ol, ' (.12,25£8.1) . )

1         bafittl,    (b&ficmp(I) ,k=1,n£1.ld) ,    (balficg(I) ,k=1,5) ,
1        Cnpd.g, flfib ( 1dr25 ) ,.olr-a, rhpct,md.pd,.tor.I,prl..t,.utp.t
lf  (all.t.gt.a)  tb.a

tlrrlt.  (kw, I (1x,.) I )   loth.r  hydrologlc  C®rn.  of  lnt.r.|t.
do  lconpil,nil.C

1  =  111et(1coDp)      I1=1nd®=  frca  l1.t  of  ltca.  o£  1zit®r.fit
lb=  1dx8eb(1)             11b=1nd.]E  frco  8`ibbafilzi  to  ba.1zi  conpon.nt.
1f  (1..a.22)  th.a  lirrlg.tiozi

b..cap(1ccng)   -  0.
do  JI1,zivlh.a

b..cDp(1comp)   -b.|cDp(1conp)   +  flu(J)*..ub(1,J)
®zLd   do

®11.1£   (1.1..1b.atid.1b.1..109)   th.a
b&ficnp(1conp)   a  ..b(1b)

®|fl®
b..cnp(1comp)   =  0.

end  1£
a.ecrlb.  .`ibb-.1n a.vl.tlon  frco ba.1zL a.all vltb populatloti
•tand.rd  a.vl.tloz)  a.  abov.:

b..d.v ( 1coDp ) io .
do  J-1,zlwlh.a

b&.d.v(1ccap)   -  bald.v(1codu?)   +
flu ( J ) * ( 8.`ib ( 1, J ) -ba.cDp ( 1conp ) ) * *2

end  do
b-.a.v(1comp)   I  SORT(b&.a.v(1conp) )
vrlt.   (kv,250)   1ccxp,1,1dxfl.b(1),   colhdg(1),

1                          b..cap(1ccdbp) ,  b..a.v(1coDp) ,   (..ub(1,J) ,Jil,nw.h.a)
fomac   (13,15x,13,14,3x,.,2f7.1,10f8.2/, (t53,10f8.2))

®ad  do
Cnd  1£
return

Entrv Passflx
*   (a)  pa..1rrlgiatlon vet.I  right.  (in/]rr)  to  SVAT  .8  I..d  fron Xodflow'e  ~.v.I  Ill.
*          to  twac  Ju.t  prior  to  .zit.ring  th.  annual  .1"1atlozi  loop.    eh.a(9,*)
*         1.  c.lc`il.t.a  ln  .`ibr  8velEIE..    U..  thl.  a.  .a  an"ial  1lnlt  on  lrrlg.tlon,
*          wheth.r  autonatlc   (1rropc-llzi  Ch.  ~.zbco  Ill..)  or  .ch.dul.a  (~.ngt  fll®e).

•zitr]r  EIJIBgFILX   (hr, aveh.a, |h.a,pnpnax)I-a.
I 1 aDELx= a .
do  Jil,Imbed

ppma)I(J)   ai  lh.a(9,J)
•vma]E  -a`r\gna]E  +  .h.d(9,I)*.h.a(1,J)   l&vv  flu]ro.   (I)
flona][  -£loae]E  +  .h.d(4,J)   ladd  p`Irolng  flow  r.t.I   (I.**3/I)

utdo
print   ' (1x,.,g12.4,1][,.,f8.2,1][,.).,    'PISSFIIX:   .//

1          'pa..  vat.r  right.  from  XODFliow   (8velRP)   to  8WATj   .//
1           'QlrrLqr=. , £lona)I, ` [I.^3/T] ' ,avgna)I, I (qm/yr) I
r®turzl
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Entrv Swt2Mod
*   (b)  pal.  £1uxe.  from  arrqr  I.`ib  lzL  strat  to  err.y  .hod  lzl nod£1ov;

•zitr]r  SWT2lroD  (mr.h.d,.h.d, I.ub,.eb, flu, tlr)

cc        print   .(1x,.).,   -I    1  fi.b  .trd
cc       1                                    I   avgi  .ubba.1zi  valu..: I

CC
col
col

hyd.   £1u]E  ba.1n'//

do  k=1,nudqu
1[1dflur(I)
I.h.d=ldx82n(I)
1b=  1drE.eb(1)             I lb=ind.]E  from  .ubba.1a  to  bafllzi  coDpozi.titB
1£   (1.1..ib..nd.1b.1..109)   th.a

balcDp(*)   =  fl.b(1b)
•1fl.1f   (1..a.22)   th.a

b..cng(I)   =  0.
do  J=1,nvaih.a

ba.cap(I)   I  b..cbp(I)   +  flu(J)*eeub(i,j)
®zld  do

®1e®
ba.cap(k)   =  a.

®zld  lf
prlat   . (213,2i4,.,t29,£7.2,t53,10f8.2/, (t53,1018.2)) ',

I,i,1dr..b(1),I.h.a,  coitidg(1),
b.I)Cap(k) ,   (..ub(1,J),J-1,tLv.a.d)

do  Jil,nv.h.a
•h.a(I.h.a,J)   =  .Iub(1,J)

end  do
end  do
return

Entrv Mod2Swt
*   (c)  pa..  Hodflov  r.eulc.  1zi  .fray  .hod  to  .Sub  ln  stnat

•zitr]r  HOD28WT   (t]w.hod,.h.a, efi`ib,.eb, flu, tlr)

prlzit  *, 'MOD2SWTs  p.I..  dat.  frcm  arrqr  8h.a  to  I.ub'
cc        print   .(1x,.)I,   .  I    1..b  .bd
cc      1                                 I  .vg  .ubba.1n valu..: '

do k-1,-d£1
1Elrodfl(I)
k.h.a-1d]tn2.(I)
ba.ap ( I ) -O .
do  Jil,nw.h.a

•|ub(1,J)   I  .h.d(kflh.a,j)

CC
cc1
cc1

hyd.   flu)I  b..1zL'//

•r..lly `rolght.d  av.rag.  o£  .ubb..1n  £1`i]E®.  £ron zBodf low:
ba.cup(k)   =  b..cap(I)   +  flu(j)*..ub(1,J)

end  do
lbl  LdrEe.b(1)            libilnd.]E  frca  .`ibbaeln  to  b.elzi  conpozi®nte
1£   (1.I..1b..ad.Ib.1..109)   tb.a

•.b(1b)   =  b..cap(I)
•1..  1f   (1..q.22)   Ch.a

tlr  I  ba8cxp(I)
end  lt
prlnc   ' (213,21l,.,t29,f7.2,t53,10f8.2/, (C53,10f8.2) ) . ,

I,  i,lax..b(1),I.I).a,  colhdg(i),
b..cmp(I),   (..ub(1,I) ,I-1,zLv.h.a)

®ad  do
ratura
end

SWBAVG source code: spatial average of hydrologic response units
File c:\swaAIor95\swbavg.for spp jam 141996  latest version mar 5 96
Progran SWBAVG

proqrran  8Wal:`ro
*
*  conput.  a .I..Lght®d  .v.raqi.  of  .oil  vac.r  b.1.zic®  Ill.I  vrltc.n bir  tw.t,
*  ba..a  ozi  a  v.1qrht  fuzictloz)  tor  .  ..t  of  cotidltlozil,  and vrlt®  th.  velght.a
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*  airg  v.r.loo  of  th.  ®oll  vat.r  b-latic..    Thlai  code  1.  adapt.a  frca  fi`ibr
*  SWBlm(  OZL  fll.  nodevb.for,  which  r.ad.  a  .oil  w.t.r  balazic.  Ill.  for
*  one  tin.  .t.p  az)a  -8.lone  .`ibballzi  flux®.  to  ...oclat.a  grid  node..
*
*           log  of  r®vl.lop.§
*  .v.r.gr..  ov.r  condltlon.,  |ubb..1ne  &zrd  tin.  .t.p.  I.vl..a,  corr.ct.a    £®b  28  96.
*  bar  5  96:  r.vl..a  to  accomod.t.1.t..t  v.rfilon  of  SVA"OD:
*  12  hydlrologlc  flu)I  lt.n8,   1ncludlzig  =TE.OT,   ar.  now  r.&d  from  the  balazic.  fll®
*  for  av.raglnqr.

C ----- V=R8IO»     1     14T.I)1996   SWBIVO                                                                                              C
C               *****************************************************************C
C         coDput.  a v.lght.d  av.rag.  of  .oil  vat.r bal.zic®  Ill..  wrltt.a tqr  8vat.
c               *****************************************************************C
c           sp=clrlcATloN8 :                                                                                                            c
C-----------------------------------------------------------------a

paren.t.r   (n]E.h.d=100,  zb]Econd=20,n][v.r®-30,n]Ev.ct-25 )
DlunsION  SHED(I)Ev.ct,n]E.h.a) , .h®dut (n)rvi.ct,n]E.h.a) ,

1                      .h.d.v (n)Ev.ct , D][.hod) ,1r.vyr (a)[v®rfi )
din.zi.lot)  .`rmrfe (n]t.h.d) , cozrdut (Dx.h.d, D]Econd ) ,1z]pd.v (a]Ecozid)
char-ct.r*30  oute`ib, out.`in, oucbal,1npb.I (n]Econd) ,1npfll, iz]pdft
char.ct®r*10   condz]n(D)Ecozid)
char.ct.r*75  uthdg

*                  nan.I  a  zLi]nb.I.  for  .`ibb.eln  output  Ill.a  to  b.  r®.a  by Dodflow:
ch&r&ct.r*600  h.ad.b
char.ct.r*12  baettl    I  from  .ubr  h]rdbal

*                   1zid.*  11.t  for  hydrologlc  b.lane.  conpon.zit.  1n  array.  .Eiub  a  Beb!
paran.C.I   (zifibbal=20)
char&ct.r*10  b.1hdg(5)

*                  .p.c.  for  hardrologlc  bal.nc..  (8ubr  h]rdbal) :
din.a.lob  ldrEb-1 (zi.bbal ) , b&|.tqr ( 5 ) , I)tgd.v ( 5 ) ,

1                   b..cap (a.bb.I) ,b..a.v(a.bbal )
charact.r*50  fntlwb    I  fom.t  for  r.cord  r..d  bar  .`ibr  .wbh]rd  (b.low)
ch.r-ct.r*10  coltrdqr(60)     I   lab.I  r.ad vlth  h]rdroloqrlc  ccxpon.nt  frca  .wh  Ill.
charact.r*10  coltxt (25)
ch.ract®r*132  r.clzip (zu(eh.a)

*                   v.ccor  for  .vg  b..1n  £1u]E:  ba.flx  (Mod£1ov  uzilt.),   |ut£1x  (twat  uzLlte)
din.nlLon  ..rtflx(25) ,   flxd.v(25)

*                  .ubbaflln  gun.:  no.  actlv.  nod..,  r.charg.,
*                  .v-potrtLB.  from v.t.r  tabl.,  punplng,  .zLd  tributary outflov:

dln®n.lot)  .ubval ( loo)
*             (1)   .r.-I  fr&ctloz)  o£  .ubba.izii
*              (2)   .r..  o£  .ubbaela   [L^2];
*             (3)  grldd.a  .ubbaeln  ar.-(8..  al.a  lh.a(7,*)  b.low).
*              (4)   1rrlg.tlozL   [11]   .p.cl£1.a  b]r  vet.I.  nodul.1tLput   (Qeub/flubbaflla  ar.a)*T
*             (5)  1rrlg.tlon  fl`ix  ep.cl£1.a  by  8VAT  -.  .  £ractlon  of  th.  1rrlqratloa
*                     £l`ix  r.ad  frcm  roDFrow'.  W=I.I.1npuc  Ill.  for  Ch.  |tr...  p.rlod
*                   .I  c.lcul.t.a b.low.    Th.  punplzig  I-t.  for  .-ch veil  1n th.  .`ibba.1zi
*                    1e  veLght®d by  thl.  fr.cclon  .o  that  th.  1rrlgatlon  flu]E  ep.clfl.d
*                      by  8WAT'.  lziput  1.  punD.a  b]r  th.  ir.ll..
*            (6)  fr.ctlozi    ot  lrrlgatlozi punplzlg  I.turzL.a  a.  I.ch.rgr.  (p.rcol.tlozi
*                   out  of  th.  root  =on.);  c.1cul.t.a b.lov.
*                             r.&d  v.ctor.  11-25  £ron  th.  flux  data  irrltt.a  by  9VAT:
*            (7)  grldd.a  actlv.  eubb..1a  ar.a  a.  fr.ctlozl  of  .ctu.I  flubb.fllB  .r®.;
*                   u..a  a.  corr.ctlon  factor  to  grldd.a  .r®.1  v.1ght.  ®.g.  for
*                    I.ch.rg.  .a.1gz]n.nt  (8..  .ubr  8WEl1").
*    8               zrozLcontrlbutlz)g  &r.al  fr-ctlon  o£  .ubbaeln,  which  contrlbut..
*                     1n.t.ad  to  pozrd.
*             (9)   1rrlg.Clon  £1u]t:  w.t.I  right.  I) .-.. a  b-ck  to  S`rat  aft®r  c-ll  to  SWBIRP.
*  a.iire.t  11.t   (7/10/95  .pp):
*      h]rdrologlc  ccapon.zic.  conput.a  b]r  twat  &zid  p..fi.d  to  Xodflov:
*  10               pr.clplt&tlozi
*  11               .ppll.a  lrrlqratlozi   [1.I   (u..a  to  .cal.  p`inplziqr  1£  1rropt>O)
*  12              =T  frca  qrrouz)a  lurfac.  [L]   (Daxl"in  I.t.  tor  .vap  Iron wac.r  tabl.)
*  13               .ur£&c.  rutLotf   [1.I   to  trlbutarl..  1..vLng  .`ibba.1n
*  14              tr.ziml..loll  1o..   [L]
*  15              let.r.I  flow  [Ii]  to  trlbut-rl..  1®.vlng  .`ibba.1n
*  16              p.rcolatlon  fron  th.  root  =ozl.
*  17               groundwat.r  r.ch.rg.  I  .h.a(14,*)   +  .h.a(15,*)*(1-.h.d(8,*))
*                                                                     +  .I.a(16,.)   +  .I.a(18,*)
*      hydrologLc  coupon.zit.  al.o  pa.I.a  to  Modf low,  but  eup.r..a.a by
*      v.lu..  c-lculat.a by Hodflov:
*  18              .vapor.tlon  from v.t.r  tabl.  (u..a  a.  .r.vap''  1n  Swat)
*  19             .tr.ulb.a  1.a*.g.  £ron  .tr.an}  lt.  a.qiatlve  1.  ufi.a  .I  r.turn  flow  ln  swat).
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*20
*21
*22
*23

pot)d  8..p.g®  1zito  aqiilf®r
trlbut.r]r  lnflotr  =  .h.a(13,*)*coz)trb  -.h.a(14,*)/contrb
depth  to mt®r
pot®zltlal  ®t

a.ta   (colhdqi(1),1-1,25)   /
JLr.-1  fro.
Irrsvltrrc
Err_u,®Irrlg -nTQ-
Ba,flow in

I   ar.. [L^2] ' , .ardJlr..I,^2 . , . Irr_u.. [1.I . ,
I IrrR.t_£rc I , 'Ar®Ord/JLct I , ' NoncozLtrlb ' ,

Prep -I,
I          ETnD   I,.      gtJRQm   I,'X)tl®.a  m',
I      P=RC  in   I,'   evRch  zD   ','   Ow  =T  D   I,
[Pzids..p  m',.Trblnfl  m',I     DTW   [1.]    I,

POT  I=T  m',.PDLprat  in   I,I                            I/

11-4
15-8
I    9-10
Ill-14
115-18
119-22
123-25

dat.  tnt.wb  /I (25x,i3,1x,a,20f8.2) '/
ccc      data  tin.tp  /86400./   I   .®c/day
C**      a-ta  day.tp  /365./       I  day/.t.p
C**      data  cnv£.c  /304.8/     I  in/ft
C**      ddt.  cavl.n  /1000./     I  in/a

data  1z]pdft  / '|wbavqi.lap./
d.t.  np.I  /10000/
data  ltr®c®  /0/

*                   --11.t  al.a  1nclud.a  lzi naln  (evacDodl.h)   for  ue.1zi  annu.1.h.
a.t.   (1Clde.1(I),j=1,12)   /   1,22,12,   4,13,   5,11,   9,   7,   6,16,25/   lcoBu}ozi.nte

*           I.b®l.  for  h]rdrologlc  b&1azic®.  ba..tar  and  ®ub.to  conput.a  b]r  HrDEIAI.:
a.t-b-lhdg  /..oll',   .vado..I,   'aq`il£.r',   'fltr..I.,   'coBblzl.d'/

*                                r.vl..a  cod.  froab  I.08TBVAT:
vrlt.  (h..deb, 65010)

65010             foraet   (6x, .8=0  GIS  BIG  NOT  IOON   I,I   AREJl  "2    I,
*            .         pR=c  )D(. ,  I         sNor  iDI
*             I          SNOH  )Dt' ,  I          SURQ   )ut
*           .           R=v  ]Oti ,.      awpm  )Ot

El=RC   )D(I ,  I                =T   )I)I
I,=VP  IDl' ,  '         PS=P  )01

PglllF  ]I)f[ ,  I         POUT  )01
SJIQU  II)I' ,  '         nAiQu  iDI
DOH  )Dt      ',.         WgTRS

P8BEL  IDI' ,  I          ORON  RI' ,
NSUBQ  RI' , I        Sot.I  RI

PUP   RO..  I          ILLBE'   RI

IATQ  un-un
Tress  xp

PJLRI  in
Psotm  in
lE,PO,  in

•rmsTRS
PYIJD  RI, ,

ueRE
gTJLP  RI

Ow  a  un, ,
WYIJD  "1,
SYLD  "' ,
Plur  un, ,
Im in, ,
goo ur  ,
NBTRS       ,

NstmQ  RE. ,
N03I'  RI| ,
ueE'  RI| ,

pJLEiEi  ".,I        Nrlx  HI,I        D=)iT  RIi,.      EDne»  RI.,
I         JLsoN  RI.,.      mnoE.  Koi,I      MrREN  RIi,.      ilFRBEi  RI-
•              8w  )DI.,.w®tlg.p  mL., I           IAI   RE.,.           ¥I.D  in.
I.-a   (I.ad.b(37:), ' (54a).)   (colhdg(J),JI1,27),

( colhdg ( J ) , J =31, 55 ) , ( colhdgl ( J ) , j =57 , 58 )
C
CIJL ----- IF  Dxflh.a   IS   I.=Sg  TEIAll   1   TZDll  )OODSWB   IS   IltACTIV=:

prlzit  *, 'Prograzb  5WELNro!  Cognput.  or\elght.a  .v.I.g.  of  b.lane.   .//'£11..  vritt.a  b]r  Sv.t. I
print  *, I (fl..  .xanpl.1z)put  Ill.  .C  end  of  I)ourc.  code  OZL   I//'fll.  .vb.v\g.for) I

!1,2
13-6
I    7-10
lil-14
115-18
119-22
123-26
127,31-33
134-37
138-41
142-45
146-49
150-53
154-57

1ap£11l'    ,
print  *,.=nc.I  lnp`ic  Ill.  zLan®;  a.I.ulci'//1npdft(1sl0)//t :   .
I..d   (*, . (a) . )   1ap£11
1f   (1zip£11..q. I    I)   1zip£1l-1z)pdft

*                  8.t  mandatory  nan.  for  I)oir  lo  th-t  flo  k®ybo.rd  input  r..pob...
*                   .r®  r®q`ilr.dj  thl.  I.k®.  r.dlr®cclzLg  t.=nlnal  output  nor.  cozrvetL1.zit.

1ELp£11   -   1z)pdft
print  *, 'JL..`in.a  lz)put  £11®  a.zb.  I   I//1z)pfll
prlzLt  *, .op.a  lz)put  Ill.:  a.vlc.Ilo,  nan.=.//1npfll

c          lolool9
1zl=8
op®zi   (unit-1zL, Ill.-1zip£1l, et.tu.I.old. )

c          op.zi  (unltllolog, Ill.I '.vbavg.1ogl )
print  * , I I..a  zLv.h.d, ncozLd,nap.I, zLr.vl.,1opl`ib, outbal i I
print  *, I          zur.h.d  I  no.  .ubb..1n.I
prlzic  *,.            ncond  -no.   condltlozL.I
prlt)t  I,I           Dxp.r    I  na]E.  flo.  tin.  p.rlod.I
print  *, I          nr.vl.  I  Ilo.  upd.t..  (r.vl.lone)  to velqrht  ftzL..
print  *,I          lop.`ib  I  optlon!   (yil)  .p.cl£y  .  ..p.rat.  .//

1                 'ir.Lght  ftzl  for  each  .ubb..1n}.
print  *,'                                             (y-O)  .p.clfy  oa.  '//

1                  'tr\.lgiht  ftzi  for  -11.ubb..1n.. I
prlz)t  *, '           outbal  I  .vg  b-1aBc.  output  Ill.  zian.  (30  ch-r  box) '
I.-a  ( 1zi, * )   nv.h.a, zicond,nap.I, zLr.vl8,lop.ub, outb&1
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1IF(nw.h.d.LT.1   .or.   ziwgh.d.gt.n]EBh.a)   th.a

prltLt   . (2(1x,.,15) ) I , 'zio.   .ubba.1n.  zLv.h.d=' ,nv.h.a,'1e  out.1d.  the  alloved  r.zLg.  £rcm  1  to.,Dx.h.a
Stop

end  1£
IF(ncond.LT.1   .or.   ncond.gt.axcond)   th.a

print   ' (2 (1x,.,15) ) I , 'no.  v.1qrhtlng  cozrdltlone  zLcond=' ,zicozid,'1fi  out.1d.  th.  -lloved  r.ng.  frcm  1  Co' ,D)Econd
ltop

end  1£
out.ub  =   'bal-nc..en] I
out.un  =   'b-l&zlc..e`in'
1drdot  =  IND=x(outbal, I . . )
1f   (1dxdot.gt.1)   th.a

ouC|`]D  -outbal(1sld]Edoc)   //   '|`in.
out.`ib  -outb-1(1sldrdoc)   //   ..n]l

end  lf
lo.ol  =  7
op.a  (uzilt-1o.ol, Ill.i[ouce`in, fit.tu.I I uinom ' )
print   I (1x,a) I,   'WrLt.  av\g  b.lance  gumary  to  fil.   I//  oute`in
trrlt®   (1o.ol, ' (al2,25a8) I )

I    1I   tll   .day ...,    (coltrdqr(1d]dr.I(I)),k=1,12)
a.ta  lolub/71/,  J.`ib/1/
1f   (j.`ib.gt.O)   th.zl

op.zl   (uzllt=1ofiub, Ill.lout.ub,.t&tu.I t uzihovzL I )
print   .(2(1x,.,13)).,   [Wrlt.  8ubb.eln   .,I.ub,

1                  '&v\g  b.I.nc.  fi`imar]r  to  Ill.   I//  outflub
writ.   (1o.ub, I (.12,25.8) I )

1                   I   '   t--day.-I,   (colhdg(1dbEb.I(I)),Ill,12)
end  lf
prltit   ' (3(1x,a,13) ,1x,a) ' ,    .zLwflh®d-' ,zLwlh.a, 'ncozLd=' ,ncozid,

1         'Dxp.r= ' ,Dxp.I, ' outb.1-. / /outb&1
zLp®r  I  XINO (n)Ep.r,np.r)
prlzit   I (1x,a,16) I , 'No.   tin.  p®rlod.  I  KIN(n=p.r,zip.r)-I ,zip.r
prlzit   . (1x,a,12) I , .»o.  r.vlllon.  of  col)dltloa  v.1ghtfi=. ,nr®vle
lf   (nr.vie.gt.0)  th.zi

prlzlt   I (1x,a) I , .b.glzinlng  y.ar  for  ..cb  r®vl.loll  '//
of  velght8:

I.ad   (1zi,*)   (ir.v]rr(1) ,1=1,nr.vll)
prlzit   ' (1x,10(1][,12,1h:,14)) I,    (1,1r.vyr(1),1=1,nr®vle)

end  1£
Jutnxt  =  a
prlzit  *, 'for  ®.ch  cozrdltlozi,   r.ad  label   (10  charl)   '//

1                 I.nd  b.1az)a.  Ill.  nan.  (30  char-)   1n  fr®.  fomat:'
print  *, .  I  Cozidltlon  a.vlc.  Ill.  tiane'
do  k=1,ncond

read   (1n,*)   condha(I),   izipb.I(I)
1npd.v(I)   I  10  +  I
prlzLt   I ( 1x,12 ,1x, -,17 ,1x, .) . , I, cozidb ( I) ,1z}pd.v ( k) ,1npbal (I)
op.a  (unlt=1npd.v(I) , Ill.=1Eu?b.1 (I) , .t.tue= 'old I )

end  do
op.a  tir®1ght.a  condltiozi  output  Ill.:

lout  I  10
op®zi  (unlt=1out, Ill.Ioutbal,.t.tue= ' unhovz). )

day,un-0 Iltlltlall=.  cunul.tlv.  tin. p.rlod8
do  |=1,-®ct

do  J-1,nw.h.d
•h.d.v(1,J)   -0.     IlzLltlall=.  &vg  ov.r  CID.  p.rlod.

®Dd  do
®ad  do

for  .ach  tin.  p.rlod,  caBput.  a velqrht.d av.raqr.  o£  ..ch
hydrologlc.I  ccxpon.zit  o£  .ach  .ubb-elzL!

1d*£1nlo  lcontltiu.  until  th.  avtg  .nan-I  b&l.nc.  h..  .I.o  b.®zL  av.ra..d.
zi`iD-v\gio  Ilnltl.11=.  th.  Ilo.  of  tin.  p.rlod.  Co  b®  .v.I.g.a  for  th.

t.mpor&l  .v.rag.  ov.r  all  y®.I.
1r®vl,=1
utltp-O
do  will.   (kk.tp.Ic.zip.I.or.1drE£1zi..a.0)

kkltp  I  kk.tp  +  1
do ill,-®ct

do  J-1,zLvf.h.a
•ti.drrc(i,J)  I  0.     llziltlallz.  .vg  ov.r  crop  a  .oil  condlclozi.

end  do
end  do
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do  k=1,zicozld
1£   (kk.tp..q.1)  tb.a

For  th.  fir.t  CID.  .t.p,  r.&d h.ad®r  llzL..  o£  flux  Ill.:
r..d  (1npd.v(I), ' (415) I)   ziirre,1]rr,1utot,   Jkkopt
lf   (1utot.zL..zlv.h.a)   th.zL

prlnc  *, I 1zLcozifll.t.zlt  no •ubb&.1zil  .horn on' //
I   Ill.   .//  lamb.1(I)

8roE,
end  1£
r.ad   (1apd.v(I) , I (a) I )   £ntlwb
lf  (I..a.1)  tb.a

ilrrlt.   (lout, ' (415) I )   zryr.,1]rr,lutot,Jkkopc
vrlt.   (lout, I (.) t )   £nt8trb
prlzit  ' (1x,a) ',   'r.-a  nyr.,1yr,lutot,

Jkkopt  fron  I//  lnpb.I(I)
print   I(1x,.)','Subb&-1zi  flu]t  lziput  fomat  =   '//£nt.wb

®Bd   1£
end  lf
lchdqr=O
do  will.   (idrEhdo..q.O)

r..a   (1z]pd.v(k) , I (.) ' ,®rr=500,.ndi500)   I.clzip(I)
1f  (I..q.1)  writ.  (lout,.(.)')  r.clap(I)
1d]Ehdg  I  IHD=X(r.clap(I) , 'hydroloqrlc  b.lane. I )

nd  do
Ch.ck  to  a..  lf  ..hDdrologlc  b-lane.I  lLn.  1.  th.  a.zb.
for ..ch condltlon,  1ndlc.ting th.t  the  av.r.g® vlll  b.
b...a  on  th.  8an.  tin.  p.rlod.    Don't  con.1d.r  changilng
v.1gbt.  for  th.  av\g  azLziual  bal&nc..

1£   (I..q.1)   then
prlz)C    I (1x,.) . ,r®clzLp(I) (1:75)
1d]Eavqi  -  I»D=X(r.clz)p(I) , I.vg' )
1dbEfln  =  X^XO(1d)Eflzi,1d][avg)   lfl-g  for  avg  anziual  balanc.
1£   (1dLxavg..a.0)   th.zl

r.ad   (r.clap(I) (10:) , I (f6.O,lox,14) I )   day.,1bal]rr
1.ndpr  I  1b.lyr
day.un  I  day.`]n  +  day.

end  1£
1f   (kkgtp..c[.1   .or.

(lax.vg.®q.O  ..zid.  1r.vl..I..nr.vl.  .and.
1r.vyr(ir.vl.) .1..1b.1yr) )  th.a
lf   (kk.tp.®q.1)   Ch.a

lbgziyr  a  1b.lps
prLzit  *, [Itlltl.liz.  natrlx  of  cotLdltlozi  .//

'v®1ghce   (PCC)   for  ®&cb  I)ubb..1zii I//
I  coziv.rt  to  fr.ctloB.: '

®11®
1r.vl.=1r.vlfi+1
prlzLt   I (1x,.,15).,    'V.ar',1r.vyr(Lr®vl.)
prlzit  *, 'R.vi..  D.trlx  of  condltlon  I//'v.1ght.(a)  for  ..ch  .ubb..1zij   I//

'conv.rt  to  fr.ctloa.: .
end  lf
do  Thdg-1,2

r..a  (ln, I (.) I)  uthdg    12-lln.  h..a.r  for trt  matrix
E>rlz)t   I (1x,.) ' ,trchdqr

®ad  do
prlnc   . (1x,.,C8,2014/, (C8,2014) ) I ,I   J   .un' , (1col,1col-1,zLcozid)
do  J=1,nvlb.a

1£   (J..a.1.or.1oplub.gt.O)   th.a
I..a   (1n,*)    (cozidrfe(J,lc) ,1c=1,ncozid)•-(J)  . a.
do  lc=1,ncozid

•`lut(J)   I   eumTC(j)   +   cotichirt(j,1c)
®zld  do
prLz)t   I (1x,L2,2114/, (7x,2014) ) I ,

j , .udut ( ] ) , ( cozidrfe ( ] ,1c ) ,1c=1, ncond )
do  lc-1,ncond

condrfe(],1c)   -cozidwt(I,1c)/loo.
old  db
•uzmit(J)   a  .uut(I)/100.

•1..1t   (lop.`ib.®q.0)   th.zi
•`unirt(J)   -.uut(1)
do  lci=1,zicond
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220

225

cozrdrfe(j,1c)   =  condut(1,1c)
end  do

end  lf
®nd  do

end  1£
®11®

1f   (I.clzlp(I) (1:75).n®.r.clap(1) (1:75))   th.a
print   . (1x,a,13,a) ., .Xlenacch  of  tlD.  p.riod4]//I  b.tv..zi  condltlon  .,*, .   azid  1: '
print   . (1][,.,13,1x,.) I, 'Condltion  ' ,I,1npbal(I)
print   I (1]E,.) I ,r.clz)p(I) (1:75)klll
prlac   I (1x,.,13,1x,a) ., lconditloa  ',kl,1-pbal(kl)
prlzit   . (1x,-) I ,r.clap(kl) (1:75)
Srop

end  1£
end  lf
r.ad   (1npd.v(I) ,. (t53,101e) I )   (1d]t,J=1,nweh.a)        I   colunzi  h..dlzLg
lf   (I..a.1)   iirrlt.   (lout,'(t53,1018)I)   (j,J=1,nwlh.a)
r..d   (1zLpd®v(I) ,220)   .vgrv.I,   (.ubv.1(J),J=1,nw.h.a)
fomat   (fl5.3,t53,10f8.5/, (t53,10f8.5))
1f   (I..a.1)  th.n

vrlt®   (lout,220)   &vqrval,   (.ubv.1(J) ,J=1,ztwflh.a)
b..r®&  -  avqrral
do   Ja=1,ZIV.h.a

fih.a(1,J)   I  eubv.1(J)
Cad  do

end  lf
r..a   (Lnpd.v(k) ,225)   fpd, (fih.a(8,j) ,Jil,zur.h.a)
format   (t39,f8.5,6x,10£8.5/, (C53,10f8.5))
1f   (I.®q.1)   writ.   (lout,225)   fpd, (.h.a(8,J),J=1,zrv.hod)
I..a  (1npd.v(I) ,225)   .v\oval, (.ul)val (J ) ,J=1,nveh.d)
if   (I.®¢.1)

writ.   (lout,225)   avgval, (.ubval(J),J=1,tlwf!h.a)

r.ad  SII=D  v.ctor.  10-20  contalzLlzig  £1u][.fl  wrltt.zi  by  SVAT.
do   1-10,20

r.ad   (1npd.v(I) ,fat.wb)   1d]E,   coltxt(1),
1                                  .trtflx(1) ,   flxd.v(1) ,   (.A.a(1,j) ,Jil,nw.h.a)

1£   (1d]E.a..1)   print   -(1.I,a,i3,1x,a) I,
1                                      'SWB1"s   '//colhdg(1)//'1i',1,
1                                     'nlmacch  to  ~..wb  Ill.1d]E=',1drE

lf  (1trac...t.0)  prlzlt  fDt.wb,lax,  coltxt(1),
1                                    .ut£1x(1) ,   flxd.v(1) ,   (.h.a(1,J),J=1,avflh.a)

•ccufbul.C.  v.19ht.a  flurE  ov.r  ..cb  condltlon  azrd  .`ibba.1n:
do  j-1,tLv.h.a

lh.drfe(1,j)   -.h.due(1,])   +  condrfe(j,I)*flh.a(1,J)
Cad  do

end  do
end  do
lf   (1d][&vg..q.0)   th.a

vrlt®   (b.etc1, ' (15,f6.0) I)   1balyr,   day.
zi`imav\g   I  n`inav\g  +   1
do  i-10,20

do  J=1,nv.h.a
•cc`imll.t.  .`In  for  t.npor-1  avgs

•h.d&v(1,J)   -.h.d.v(1,J)   +  a.ye*.i.chrc(i,J)
®zld  do

end  do
®11®

tirrlt.   (ba.ttl,I(.5,f6.O) I)   I-.vl   .,a.y.un
do  1-10,20

do  Ill,zLveh.a
tcaporally velobt.a  avg  for  ..ch  fl`L]E  azLd  .ubb..1n:

•h.dwt(1,J)   I  .h.dav(1,j)/a.yfl`in
®zld  do

®tld  do
end  lf
do  1-10,20

.ut£1x ( 1 ) =0 .
£1xd.v ( 1 ) -0 .
do  J=1,zlw.h.d

•patl.1ly v.lght.a  .vg  (ov.I  .ubba.1zL.) :
eutflx(1)   -.uttlx(1)   +  .ti.a(1,])*ih.dirt(1,I)

®nd  do
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1

*

cccc  1
cccc  1

end  do
Comput.  .patlally v.1ght.a  .td  a.vl.tlozL  of  tcaporally-  .nd
condltlozL-av.rag.a  £1`i]E.. i

do  1-10,20
do  J=1,nv.h.a

flxd.v(1)   I  £1xd.v(1)
+  eh.d ( 1, j ) * ( fih.due ( 1, J ) -.utflx ( 1 ) ) "2

®zld  do
flxd®v(1)   a  SORT(flxd.v(1) )
vrlt.  (lout,£Dt.vb)  1,  coltxt(i),

•ut£1x(1) ,   flxd.v(1),   (.h.dwt(1,J) ,J=1,nw.h.a)
end  do

cod.  for tlrrlt.  .tat.a.nt  tax.nd  frca hydbal:
writ.   (1o.ol,. (.12,25£8.1) ')   ba.ttl,   (.i¢t£1x(I),k=10,20)

(baBltg(I) ,*=1,5) ,tape.g, flab(1dr[25) ,.olrad,rhpct,
tondepd, .tor.I , prl..t , fiutp.t

1£   (J.ub.gt.O)   tifflt.   (1o.ub, I (al2,25£8.1) I)
1                 ba.ttl,   (.h.due(I,J.ub) ,k=10,20)
end  do

500      print  *,.End  of  b.1az)c®  fll®  r.ach.a..
do  I-1,ncoad

clo..   (uzilt=1npd.v(I) )
®nd  do
clo.®   (unltiilout)
clog.  (unlcilo.ol)
STOE'
end

C------------------------------------------------------------------------------
a     a)[azilpl.  of  control  lELput  £11®  for  th.  abov.  prooran   (1gzLor.  c  ln  lBC  columzi) :
c    tat.a  from  Tabl.  H,   I.H.Crlx  o£  lazed  u8./.oil  typ.  cozidltlonl..  for  1990-:
c29,15, 26,1,1, I t..tl5aqr.bal. ,         nw.h.a,tLcozLd,zip.r,nr.vl.,lop.ub,outfll  .whavg.lap
cl974
c ' Hart).y-w.I . ,
c . mra®y-1rc ' ,
a . E[arz).y-r/p . ,
c.Prate  -".£1,
c-I.rate  -1rc',
c'Elr.CC   -I/p',
c I Tlvoll -w.I I ,
a ' Tlvoll-1rc I ,
c I TlvolL-r/p . ,
c'Naron  -v.I ',
c]Narozi  -1rc. ,
c'N.roll  -I/p' ,
c I Carvll-v.I I,
c I Cazwll-1rc I ,
c . Carull -r/p I ,

zLca..01qi.b-1 ' ,
nc.I.01. .b.I , ,
nca..01a .bal I ,
zical.01g .bal ' ,
ace..01..bal . ,
nc...01..b.I , ,
nc...01g.b.I , ,
zLc...01& .bal I ,
zlc...01..b.I , ,
nc..®01g . b.I , ,
ac...01a . b.1. ,
nca..01a.bal ' ,
ac...01g . b.1 ' ,
ac...01..b.I I,
nc...01a.b.I . ,

cotidnn (I) , lzip£1l (I)
condrin (I) ,1ap£1l (I)
condan (I) ,1npfll (I)
condz)a ( I ) ,1zu?I 1 I ( k )
cozrdzin ( I ) ,1npf i I ( I )
cozrdz]n ( I ) , lzip£ 11 ( k)
condz)n (k) ,1np£11 (I)
condz]n (k) ,1ap£11 (k)
condz)a ( k) ,1zLp£11 ( I)
cozidan ( k ) ,1npf 1 I ( I )
cozrdnn ( k ) ,1zipf 11 ( I )
cozidzm ( I ) ,1zLpf 11 ( k )
cozidz)n ( I ) ,1zLpf 11 ( I )
condnn ( k) ,1zipf ll ( I)
condnn (I) ,1np£1l (k)

czro=nall=.a  tir\elght.  from  b.glnnlzLg  y.-r§
c      12      3      4      5      6      7      8      910111213
c   75      5   20      a      0      0      0      0      0      0      0     a      0
c   75      5   20      0      0      0      0      a      0      0      a      0      0
c252
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a      a      a      a      5      0   30      4      0   26      0      0     a
c      0      a      a      5      0   45      5      0   45      a      a      0
c      0      0      0      5      0   45      5      0   45      0      a      0
cnomall2.d  v®1ght.  b.qrlnzilzig  lzL  1974:
c      12      3      4      5      6      7      8      910111213
a   75      5   20      0      0      0      a      a      0      a      0      0      0
c   75      5   20      a      a      0      0      0      0      a      0      0      0

12      6   12      0      0      0      0
00048
a      0      0      6   20
62

a   25     2      8   14     7
c   36     212     4     8

620coo



Modswb: MODFLOW's interface to watershed simulation results
File c:\swatvor95\modswb.for  perkins  Feb 15 95

Subroutine Swblal: allocate arrays SHED and ISHED for the MODSWB package
Allocat.  .p&c.1zi  X  array  for  .ubb..1ne   (Ih.a,1.h.a) ,  trLbut.rl®e   (1flhout)  and
corr..pond.nc.  b.tvo®n v.t.I.h.a  .ubb.elzi.  azid  .qlilf.I  qrrld  (1beh.a) .

suBROuTnl=  gvel]il, ( IsuH, L=Nx, LcsiBD, IcsH=D,14ouTr , LCBSHD,
1         1czeol, lcveol, I.c®utr, IIcdtv, LC.vap, IicrcL1, nw.h.d, nout£1,

a.oil. , unfllay,1rropt , i®vopt ,1oprch, I)col , Brow,
1uzilt , Iot7T , £1 lnan )

C  u.ag.:
C              IF(It7NIT(6).OT.O)   call   SWB1^I,(ISUX,L=NX,LCSIED, ICSED=D,LCOUTr,
C         1         LC88HI), LCZSOI., IicwsoI. , LCNIR, ziv.h.a, noutfl , a.oil. , a)I.lay,
C         1         1rropt, ncol, nrov,1unlt , IOUT, £11zLan)

c ----- v=RsloN          1   O1)(AR1995   gvel]LI.
c               *****************************************************************
a             ]il.IocAiT=  i\RRILy   8TOEuro=  FOR  VAT=RSH=Ds
C               *****************************************************************
C
c            8p=clrlcALTloNs :

charact.r  I(*)  fllaen
din.zi.lot)  1ualt (24 )

I ®whl

C
ln  =  1unlt(6)

cl ------ ID=iiTIFr  pJLczcAa=  JLND  I»ITIJil.Iz=  suEiELA,gINs.
WRITE(IOUT,1)   IN, fllnap

1   FOR)mT(1Ho, .gwB     --Boll  VAT=R  ELLI.»ic=  pAcmo=  v.1,   3/01/95-,
1'IHpt]T  READ  FROM  tJNIT',13, I    £11.   ',.)
-IH=O

a
C2------REJLD:
*         ziweh.a  =  Ilo.   e`ibb.BlzLfi  ln  vat.r.h.dj
*        I)outfl  =  total  no.   .tr.an.1.avlnqr  .ubba.1zie   (mln.1/e`ibb.eln) /
*        neollfl  =  no.  .oil.I  ..ch  .ubba.1z)  1.  a88oclat.a vlth  1  .oil  type.
*        m]E.lay  a  in)I.  I)a.   .oil  lay.r.
*        1rropt  =  option  (y=1,tilo)  to  u..  1rrlgatlon  flux  a.  a.t.mlzi®d
*                            b]r  8VAT  for  .-ch  eul>b&81n  to  ec-1.  th.  pumping  rat..
*                              .p.cl£1.a  bar  Ch.  W=LI,  bodul.  1ELput  data.
*         l®vopC  =  option  (y=1,nlo)   to  .p.clfy pot.ntlal  .v.p  frcm  grouzLd
*                           .urf.c.  vlth  th.  pot.utlal  .vaporatloz)  £1u]E  c-1culac.a  by  SVAT,
*                          I.th.r  thazi  (1.vopt  <  or  I  0)  wltb  .tazLdard  laput  to  array  .ctr
*                             1n  Hodflov..  =VT  nodul..
*         1oprch  -optlozi  (y=1,zL-0)   to  dl.trlbut.  r.charg.  wltbla  each  .ubb&4ln
*                           .ccordlzLg  to  th.  r.charg.  1Eu?ut  Ill.  array  RICH.
*                  ch.ng.  £ron  fr..  to  £1x.a  fomat  (3,  b.low)  for  .td v.I.1oz)?

loo  I.Id   (1tL, *)   ziv.h.d,nout£1,ziloll.,n)Ef)lay,1rropt,1.vopt,1oprch
3   roE`)tLT(5110,Flo.0,2110)

nvflh.a  =  MAXO   (nv.hod,O)
noutfl  -H^XO   (noutfl,0)
a.oil.  -HLXO   (a.oil.,0)
vrlt.   (1ouC, . (2(15,1x,.) ) I )   ziw.hod, ..ubba.1zl., ' ,

1           noutfl, 'e)tltl  £rca  .`ibba.1n.  to  ltr.an., '
I.rrlt.  (lout, . (15,1x,a) .)  a.oil., I.oil  t]rp..   .//

1        I (..ch  .ubb.-1n  le  ...ocl.t.a vltb ozi.  .oil  typ.) .
a
C3 ------ gBT  I,csH=D  =QUJLI.  To  JLDDRJ=ss  or  FIRST  uiiug=D  spAc=   IN  x.

ZOO  I€gBDIIgu)(
C3 ------ SEIAC=  )l==D=D  ron  r..I  v.t.r.h.a  .ubb&81n  array  .b.a(30,D]Eeb.a) :

(1)  .r..I  fraction  o£  .`il)ba.1n;
(2)   ar.-of  .ubb..1zL   [L^2];
(3)  grldd.a  .ubbaeln  .r..  (...  al.o  .h.a(7,*)  b.lov).
(4)   1rrlg.tlozi   [1,I   .p.cl£1.d  b]r  W=I.I,  nodule  1z)put   (Q.ub/e`ibb..1n  ar.a)*T
(5)  not  curr.atly u..dj  pr.vlou.ly,

Lrrl..tlon  I luE  .p.cl£1.a b]r mT a.  .  fr.ctloa ol  th.  1rrlgi.tlon
flu  r.ad  troll  XODFLOW..  WEI.I  lziput  Ill.  for  the  8tr.fi.  p.rlod
ae  c.lcul&t.a b.low.    Th.  punplt)gi  r.t.  for  .ach v.11  1n  Ch.  eubb.elzi
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*                    ie  ir\.1gbc.a  by  thl.  fr&ctlon  eo  that  th.  1rrlgatlozi  fl`ix  .p.clfl.d
*                     by  8VAT..1z)put  i.  pump.a  by  tb.  v.llfl.
*             (6)  ziot  curr.ntly  u.®di  pr.vlou.ly,
*                     fr.ctlozi    o£  1rrlg.tlon  ptLDplng  I.turti.a  &e  r®ch&rg.  (I).rcolatlon
*                     out  of  th.  root  =oa.)j  a-lculac.a  I)®lov.
*                              I..a  v.ctorl  11-25  £rcm  th.  flu)I  d&t&  tirrltt.a  b]r  8VAT:
*            (7)  grldd.d  -cclv.  .ubb.eln  .I..  a.  £ractlon  of  -ctu.I  flubbaf)ill  ar.aj
*                   a..a  ae  corr.ctlon  factor  to  grldd.a .r.al  v.1ghtfi  ..g.  for
*                    r.charo .... 1gtm.zLt  (8..  .ubr  8WB1").
*             (8)  nozicozitrll>utlng  &r.al  fraction  of  Bubt)a.1n,  which  contrlb`it..
*                      1zL.t..a  to  pozld.
*             (9)   1rrlo-tlon  £1`i)E!  vat.r  right.  p.ee.a  b.ck  to  twat  aft.r  call  to  SWBIRP.
*  a.v.8t  l1.t   (7/10/95  app)a
*      hydrologlc  coopoa.zit.  coaput.a  by  strat  and  p.il®d  to  Hodflovs
*  10              pr.clplc-Clon
*  11               appll.a  lrrlgatlon  [1.I   (u8.a  to  .cal.  puDplng  lf  lrropt>O)
*  12              =T  from  giround  .urf.c.   [Ii]   (ae]Elnub  rat.  for  .vap  from v.t.r  tabl.)
*  13               .urfac.  runo££   [L]   to  Crlbut.rl.a  I..vlzig  eubbaf)1n
*  14              trap.nl..loll  lo..   [1.I
*  15               lot.ral  £1ov  [1.I   to  trlbut.rl.a  1®.vlzig  e`ibbaeizL
*  16              p.rcolatlozi  frcm  th.  root  =on.
*  17               groundv-t.I  r.charg.   (8VAT'.  d®£1nltlozi) j   8®.  eh.a(17,*)   for
*                         NODrl.ow. ®  a.flzilclozi.
*      .h.a  v.ctor.  18  and  19  ar.  pafi8.a  frcm  8VAT  to  Xodflov,  but  ar.  fiup.r-®d®d
*      b]r  valu..  b..®d  on  Xod£1ov'.  .qul£.r  .olutlon  and  ar.  .v.1uat®d  lz)  SWBIBD:
*  18              .v.pop.tlon  fron  vat.r  tabl.  (ul.a  afl  ''r.vap''  1zL  SIIrat)
*  19             .tr..db.a  1.ak&g.  from  .tr..Dj  lc.  n®g.tlv.1.  u.®d  ..  r.turn  flov  ln  twat).
*  20              pond  ...p.gi.  1nto  aqulf.I
*  21               trlbutar]r  laflorr  -cozitrb*(.h.d(13,*)   +  .h.a(14,I))
*  22             a.pth  to vat.r
*  23              pot.zitlal  .t
*  24              .a.1gn.d  lrrlgatlon  fl`i]E  (in),  calculac.a  ae  a  ch.ck:  1f  lrropt>0,
*                      1C  .hould  .qu.I  .h.a(11,J),   from  8WJIT/   otb.I.I.1..,1t  .hould  ®q`i.1
*                         .h.a(9,j) ,   ba..a  OZL  iroDrl.ow.fi   ~.WEI.  Ill.1ziput.
*  25               groundwat.r  r.charg.  -.h.d(14,I)   +  .h.d(15,*)*(1-eh.a(8,*))
*  26               I.charge  £lu]E  (in)  corr.|pozidltLg  to  arr.y  R=Cl[  .I  r..a  frozb
*                   Xodflov  lziput  Ill.i  fl`i)I  lfi  for  lnltl-l  tin.  .t.p  dur.tion,  a.leo,
*                    and vltb  I.-p.ct  to  &r.a  of  actlv.  nod..  1n  eubbafiln.
*                                                                         +   .I.a(16,*)   +  .b.a(18,*)

I a PJl= 3 0 * nw.I).d
ISU)IIISU|(+ISPI

C
C4 ------ SPJLCE  RE=D=D  rok  lzit.g.r  vat.r.hod  .rr&y  1.h.d(10,tu(.hod) :
*                   (1)  zLot  u..a;  £ozn.fly,  no.  .tr.an.  out  of  vat.rflh.dj
*                  (2)  not  u..di  fozm.fly,  led.]E  to  l1.t  of  ltr..A.  out  of  vat.r.b.a.
*                   (3)  zLoC  u..di  fozh.fly,  a.vlc.  Ilo.  for  r.&dlng  .`ibb..1n  h]rdrograph  Ill.
*                   (4)   .oil  1d  for  .ubba.1zi  (r.ad  but  not  ul.a)
*                   (5)  ziot  u.®dj  tom.rly,  ao.  .oil  lay.rl  for  .`ibba.1n

IcgEBD]ISUX
ISE.El-10*zLv.hod
Igt')tllst,)(+ISPB

a
C5 ------ SPJIC=  H==Dl=D  FOR  v.tor.h.a  out£1o.Ir  array  1.bout(5,n]E.h.d) :*                   (1)  I)ot  u..di  forn.fly,  lL.t  of  .tr.azn.  out  of  .ubba.lzi.j
*                  (2)  1tr.hd:  vat.I.h.a  fron which  .tr.an  flour.i
*                   (3)  1tr.®gs  ..qp.nt  of  fltr.an  into  which  trlbut.r]r  flow.j
*                  (4)  1trrchs  I..ch  o£  .tr.an vlthlzi  .  ..gin.nt  into  which  trlbut.r]r  flove.
*                   (5)   1drErchs  lzid.]E  to  ord.I  ln  which  -glv.a  (..qD.nt,r.-ch)  w-.  I.ad
*                                               frca  th.  STREAM  lzLDuC  Ill.   (~..Cr)j   found  by  .  8.arch
*                                                     1n  .`Lbr  8WBIRP   (b.1ov).

LCOU"|Ig"
ISE.C=5*nout£1
ISUH=ISUX+ISPC

C6 ------ CJLlfcuI^T=  ArouNT  Or  SPJIC=  N==D=D  rof`  vat.r.A.a-aqulf.r  grid  lnd.x.
LCBSIDI1|un
iirrlt.   (lout, I (1x,a,18) ' )

1         'v.t.rth.a--q`ilf.r  grid  lb.h.a  lzLd®x  I.CBSHD  I I , lcbehd
lfipd=ncol*nrov
1.unil.un+1.pd

•p.a.  for  .oil. a.ta:
(1)   =®oll(1,j)a  a.pth  to  bottom  of  .-ch  lay.r  1  o£  .oil  j

lcz.ollleun
lfip.iaxlLay*n.oil.
1|unll.un+i.p.

(2)  .oc:.oil(1,]) :  vat.r  cozit.nt  (vol`in.trlc  fr-ctlon  of  .oil  lay.r)
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for  .ach  l&]r.r  1  o£  .`ibba.1tL  Js
lcv.ol=1.un
1.pfa]t.1.y*nv.bed
i.un=1.u+1.pf

JLdd  .p.a.  for na]E  .vac  r-t.,  dtv and  .v.p
1£  .v&p  nodul.1.a.t  lnvok.a:

1f   (1unlt(5)..q.O)   th.n
lepg  =  3
lc.vcr  E  1.un
1.un  =   1fi`in  +   1
lcdtv   -  1.un
I.un  E  1.un  +  1
1c.van  -  1.un

lx(1c®vtr) :   .vtr(ncol,nrov)

Ix(lcdtv) :     dtv(ncol,brow)

!x(lc.v.p) :   .vac(ticol,zLrov)
1.un  a  1.un  +  1

®|e®
1"=0

nd1£*                 .pac.  for  lnltl.I  rocharg. natrl)I who..  dl.trlbutlon  11  to  be
*                 nalnt.1zi.a  for  .ach  tin.  .t.p  I)]r  ec-ling  .1enezit  valu.a  tqr
*                    (pal_./pal_r) ,  wher.  p.1_a  -.`ibba.1zi  r.charg.  fl`i]E  .peclfLed
*                    b]r  stoat  azid  p.1_r  =  fiubbaelzi  r.charg.  £1u]E  corr..pozrdltLgi  to  th.
*                  1nltlal  I.charg.  mtrl]E  ep®cl£1.a  ln  the  r.ch.rgi.  1zlput  fll.;
*                   p.1_I  I  QLr/Jl,  wher.:
*                              Q_r  =  eun  ov.r  actlv.  ziod®e  1,J   lzi  e`ibbaBlzi   [r.ch(1,J)*ar.a(1,J)I
*                              JL       =  |`in  ov.r  actlv.  I)od.41,J   lz)  fiubb&.1zi   tar.a(1,J)]

lcrchl=1.un
i.pJ   I  I)col*zLrov1-1-+1|pJ

C                 tot.I  .pac.  u..d  ln x by  .oil  tirat.r  balazic.  packag.  8o  far:
IBP=ISPJl+ISPB+18PC+ISPD+1.p.+1.pt+i.pqi+1epJ

C
cg ------ pRIIiT  A»Ou)iT  OF   SPACB  us=D  BIT  .mT=RsmD  I]iT=RFZLc=  p]\cK^O=.

WRITB   (Iot7T,e)Isp
8   roRmT(1x,I8,  .   =I.nf=iiTs   Ill  x  ALRRAT  JLR=  us=D  rok  SWB.)

18tm=Igt"-1
wRIT= ( IotJT, 9 ) Isu)(1, I.=aix

9  rof`)tLT(1x,Ie, .   =I.DB]iT8  or  x  ]LRmr  us=D  otJT  or.,17)
IF(ISU)I1.OT.Id=llx)   WELIT=(IOUT,10)

1o   roRInT(1x, -         ***x  ALRRAy  )fosT  8=  DIIt=ii8ION=D  IARo=R*** -)
C
C10-----R=TUR».R-

Ene

SwblrD: maD subbasin areas onto grid. and subbasin outflows ongo stream network
R.ad  fiubballn,  trlb`itary  az)a vat.rlh.a  corr..pot)A.zlc.  to  aqulf.r.

8ubroutln.   8velRP ( SHED, Igtt=D, ISHot7T, IBSEEE:D,1bound, D=LR, D=It ,
1    ISTRX, Z80II-,v.11, dtv,.v.p,a]rv.ll , nw.ll., "ireh.a, noutfl , zieoll.,
1    n)I.1qr, lrropt, ltmizil, czLctla, czivl.a,b..r.a, actfrc, kkp.I,n]Eltzn,
1    a.tr.a,zirov,ncol,zila]r,1`inlt,1o`it,1olog)

a  u.ap3
cc          lr(IUNIT(6).Og.O)   call   SwBIRp   (x(LCslnD) ,x(IcgH=D) ,x(I€OuTr) ,             Iiwl>1
cc        1     x(IicBSID) ,X(ICD=I.R) ,X(ZicD=It) ,x(ICBTE`)I) ,x(LCZsOI.) ,x(14W=I.I) ,
cc      1    n]Evell , zivell., zur.h.a, zio`itfl , a.oil.,I)I.lay, lrropt,1tmizil ,
cc      1    cnvl.zi, blar.., kb®r,a)I.trn, a.tr.n, zirov, ncol,1`inlt,lout,1olog)
C
a ----- v=RsloN    1       1myl995  swBIRp                                                                                   a
C               *****************************************************************C
C            R=^D  lrat.r.h.a  DA,TAL:*         .)  11|t  of  trlb`ic.rl..i  corr..p.  v.t.r.h.d  (.ourc.)  .nd
*                etr..a  r.ach  (a..tlnatlozL) j
*          t>)   11.C  of  irat.r8h.a./  corr..pozrdlng  trll]uC.rl..  (outflow.) /
*          c)  vac.I.hod-.q`ilf.r  grid  corr..pond.nc.  (.rra]r  lb.h.a(tLcol,nrov) )
c               *****************************************************************C
cC
C             gp=CIFICJL"O]18 a                                                                                                                                    C
c-----------------------------------------------------------------a

DI)Bllglorl  8mD ( 3 a , nv.h.a) , ISH=D ( 10 , tiwih.a) , ISZIOUT ( 5 , noutfl ) ,
1         1.tin(5 ,a)I.tin) ,1b.h.a(ncol, nrov) ,1bouz)a(ncol , zirov, Play) ,
1          D=[A (zLcol) , D=IX: (nrotr) , I.oil (DIE.lay, I).olle) ,W=Iil. ( 6 ,a)Ewell ) ,
1         dtv(ncol, zLrov) ,.vap (ncol , zirov) ,1unlt (24)
dla.a.lob  I)iin.hd( 50 )
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C-----------------------------------------------------------------C
charact.r  r.clnp*132,   fntbzid*20
dlD.I).loll  t..c(a:5)

*                   tin.  p.rlod  (..c)   for  .acb  CID.  unit  .p.cl£1®d  ln  Modflonr  b]r  ltnuzil
*                  (u..1  A.I.  for  unlp.clfl.a  optlozl  1taual=O) I  ltmial  1e  r.turf).a
*                   £ron  lnltl.11=1ng  a-1l  to  Hodflov.
*                                          und.flzL.a,   I).c,  nln,  hour,     day,      y.ar(365  a.y.)

dot.   (C®.a(J),j-O,5)   /1.,         1.,   60.,   3600.,   86400.,   31536000./
CC

Ir(tiw.h.a.I.I.1)   f`BTURN
lzi  I  1unlt(6)
CC*                 For  now,  thl.  routln.  lzilc1-liz..  varlabl.i  that  -r.  to  rcaalti
*                 con8t.nt  ov.r  all  .tr.fl. p.rlod.:

1£   (kb.r.®q.1)   th.a*                         I..a  .`ibb..lzi-trlbut.ry  corr..pond.nco  £ron  8WB  input  Ill.:
*                          thl.  11.t  1.  now unn.c.e..ry  filzLc.  only  on.  out£1ov p.r
*                          .ubba.lzi  lfi  .lloved/  I.talzi  th.  11.t  ln  ord.I  to  &vold
*                         ch.nglzi.  th.1ziput.  R..a  l1.t  h..ding  -nd  th.a  lilt  o£
*                          aweh.a  r.cord.  ziuab.r.a  1  through  nv.h.a,  wh®r.  rm.h.d=  I)o.
*                             .ubba.1n8 :

r.ad  (1n, -(1x,a).)  r.clap       lh.ad.r
do  1=1,nw8h.d

I..a  (1n, I (.) ')  r®clnp        lnunb.I  th...  r.corde  1  to  ziw.h.a.
®ad  do

r®.a  1.ngth  coziv.I.ion  I.ccor  czivl®n,  which  1.  u..a  Co  conv.rc
8VAT  fl`i][  uzLlte  ltito  HODrLOW  flu]E  unit.i

I..d  (1n,*)   cnvl.a             I   (..g.  czivl.I)ilooo  in/a,   or  304.8  tin/ft)
czivtln  =  t.®c(1taDuzil)/e6400.     Iday./Nodflov  tin.  unit
writ.   (1olog,. (1x,.,15,1x,-,flo.3) ' )    'SWBIRE.:   nw.h.d=' ,tlwflh.a,

1               ' cnvl®ni I , czivl.I)
*                     ba.1zl  .r..  .zid  ar..I  fr.cclon8  for  ..ch  eubba.1ns
*                      th .... hould  b.  tb.  .azb.  ..  r®.a  b]r  Stmr,  .xc.pt  th.C  8VAT  r®adfi
*                       tb.  b-.1zl  ar.a  lzl  h^®,  and  b.ar.a  .hould  b.  1zi  unit.  of   [Ii^2] .

r.ad  (1n,*)  b.ar.a,   (.h.a(1,1),1=1,ziwlh.a)
*                       fioll  ld  for  .ach  .ubbaelz)  (r.ad  but  not  u..a) :

r..a   (1n,*)   (i.h.a(4,1),1=1,nw.b.a)
do  1=1,ziv.h.a

•h.a(2,1)   =  b.&r..*.h.d(1,1)                 l&r.a   [L^2]   of  .&ch  .`ibbaelzl
end  do

for  .ach  .oil,  no.  lay.I.  azLd  a.pth  to  bottcm  o£  .ach  lay.rs
(not  curr®atly u..a)

do  1=1,a.oil.
I.&d   (1n,*)   nlloll,   (=.oil(I,1),J=1,nl.oil)
vrlt.   (lout,.(215,12£10.2).)   1,   nl.oil,

( zloll ( J ,1 ) , j -1, Ill.oil )
end  do
lrrlt.   (lout,. (1x,-) I)    .SWBIRPs   gubba.1t)  outflow.
writ.   (lout, ' (1x,.) I)   'loc.Clon  lzi  ficr..n  a.Cwork   (1d)E='//'1nput  ord.r  of  I.ach  ln  .tr.aD  Ill.) I
vrLt.   (lout,.(1x,a)t)   '   .ub    ..g    rch    ldx    row    colt//'  zi.a.            8ubba.  fraction.

r.ad  two  llti..  of  h.-ding.  for  .`ibba.1zi  outflow  Cable:
do  j-1,2

r.&d   (1zi, ' (1x,a) I )   r.clz)p
®zld  do*                 For  .ach  .`ibb..1n,  r..a  th.  follotrlng:

*                   .`iEiba.1zL  lzrde]t,  trlbut.r]r  lt)A.]E,   .tr.an  I.qnont,  and  .tr.an  r.achi
*                 bah.  .ur.  th.t  .`ibb..Ln  lnd.x  and  trlbutar]r  lzld.)I  .r.  .qual,  and
*                   1z)  .|c.I)dlzig  order  frca  1  Co  nw.h.a,   .o  that  1  I  id]t.ub  =  1d)Etrb.

do  1-1,nw.h.d
r..a   (1n, *)   1d]E.`ib,1d]ttrb,1dx..g,1d]Erch
1.trout(2,1)-1d]E.`ib     I.`ibb..ln  led.]E  (I  tributary  lnd.]E)
1.hout(3,1)-1d)I..g     liz)de)I  Co  .Cr.am  ..qm.zit
1.houc(4,1)=1d]Erch    liz)d.]t  to  .tr..a  I..ch

Flzid  th.  lzLd.)I  to  th.  ord.r  ln which  thl.   (fi.giv®tic,r®.ch)
v..  I.ad  from  th.  8TE`=AH  (~..tr)  1ziput  Ill.,  to  -llov  dlr.ct
lzid.xlng  of  th.  (a.giv.at,r..ch)  for  .ubba.1n  outflowj  fi.t  up  a
a.fault  to  th.  flrlt  r.ach  lzi  ca..  no a.Cch  1.  found.

1®hout(5,1)   -1
do  I-1,netrou

1£   (1d)I..g..a.1.t=n(4,k) )   th.a
lf   (1drErch..a.1.tzm(5,I) )   th.zi

match  v..  £ouzid  ozi  (..qm®nt,r®.ch)   for  .ubb..1zi  outflow:
1.bout(5,1)   I  I
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90  to  30
•1..1f   (1etm(4,k).eq.1)   th.zi

Chl.  1.  b.tt.r  th.a notblnqi:  flrflt  r..ch  of  lan.  ..gD.nt
1.ho`it(5,1)   -I

end  lf
ezld  1£

end  do
tt).   (a.gin.nt,r.ach)   1d.zitl£1.a  for  vat.r.h.a  out£1ov vaezi[ t  fouzid.
print  *, .8WEllRP:   Str.aD  I.&ch  azid  a.gn®nt  nlfmtct)   '//'b®tw®.zL  .`ibb-.1zi  outflow  azid  .tr..n  ..gin.zit: I
print   '(5(1x,a,15)) I,    'SWBIRP:   .ubb..1n',1,I trlbutar]r  outflov  to  .tr.an  8.gn.zit I ,1d]t..g,

•r..ch. ,1dxrch, [ziot  fouzid  lti  .tr.an  a.tvork. '
cozLtlnu.
irrlt.   (lout, I (615) ')    (1Bhout(J,1),j=2,5),1fitm(2,I),1ec=n(3,I)

Cad  do
nimactio  ltotal  no.  &ctlv.  nod.I  (frca  lbouzid  array)
zranzon-O   Itotal  no.  ziod..  vlthlzi  .ubba.1zL|   (=oB..  >  0)
ziunaz=O     ltotal  no.  actlv.  nod..  vlthln  lubballzL.
actLva=O .
do   1=oz)®-1, zlvflh.a

zi`im.hd(1zozi.)=O         Iiziltlall=®  no.   actlv.  nod..1n  each  .ubba.in
Eih.a(3,1zozi.) =O.       I lnltlall=.  actlv.  grldd.a  .r®a  ln  .ach  Bubba.1tl

end  do
r..a vat®rehod  zozi..  array  (1b.h.d)  £ollovlBg  th.  8an.  v&y  that  th.
1bound  array  1.  r.&d  from  th.  BJl81nput  Ill.  (a..  Hodflov naziu.1) :

r..a  (1n, ' (2110,.20,ilo).)   locat,loon.t,   fntbnd,1prn
writ.   (lout, ' (2110,a20,ilo).)   1ocat,1coDlt,   fmtbnd,1prn
do  lr=1,nrov

r.-a  (1n,£ntbnd)   (1b.h.a(1c,ir) ,1c=1,ncol)
`-rlt.   (lout, I (1x,14,2513/, (5x,2513) ) . )

1r, ( 1b.h.a ( 1c ,1r) ,1c-1, ncol )
&cc`imil.t.  grldd.a  .r.. by  .ubba.1n:

do  lc-1,zlcol
1=ozi.  -1b.h.a(1c,1r)
1£   (1bouzLd(1c,1r,1).gt.O)   n`inacc=n`iaect+1
1f   (1=on..art.O)   th.zi

zn)n=on=n`in=on+1
1£   (1bouzid(1c,1r,1).gt.O)   th.zi

ziuaehd ( 1 Ion. ) -zi`in.hd ( 1 zozL. ) + 1
nuna=in`ma=+1
ac.ll  I  a.lr(1c)*d.1c(1r)
•cclv.  I  actlva  +  ac.ll
eh.a(3,1zon.)   a  .h.a(3,1zozi.)   +  .c.ll

ond  lf
end  lf

end  do
end  do
actfrc  - -ctlva/b..I..
czrday  -  ctivl.a/czictln
czrv]rr  -czLvl.n* (365. /czictln)
do  1=on.il, ziw.h.a

grldd.a -ctlv.  .r.- a.  a  fr.ctlon of  accu.I  area:
eh.a(7,1=ozi.)   I  .h.a(3,1=ozi.)/eh.a(2,1=ozL.)

end  do

iirlt.   (1olog, ' (1x,.,13,1x,.,fl2.1) . )
1                I SWBIRP:   Mod£1ow  ltnunl] ' ,1tmuzil,
1              'C..c(1tnuzL1) I I ,t..c(1t"nl)

vrLt.   (1oloqr, . (1x,a,g15.7) .)   'day./Xod£1orr  tlD.  unit  I   '//
1              't..c(1tminl)/86400  -. ,cnvtln

vrlt.   (1oloo,'(1x,a,3(15,1x,a))')    .SWBIRP:    I,
1         nuzb.ct,    'actlv.  nod..   (1bo`izLd>O) I ,
1          zl`in=ozi,    .ziod..1n  zoti..   (1=on.>O).,
1         aiim=,      I.ctlv.  zLod..1n  zoo..   (1bound>O  azid  lzozi.>O).

"1t.   (1olog, I (1x,.10,12x,9112/, (23x,9112) ) I )
1         I.ubb..1n' , ( 1=oa.,1=on.=1, nv.h.a)

vrlt.   (1olog, ' (1x,.10,12x,9112/, (23x, 9112) ) I )
1          'no.   a.11. I , (zi`in.hd(1=on.) ,1=on.il,nvfih.a)

vrLt.   (1olog, I (1x,.10,10.12.4/, (23x,9.12.4) ) . )
1         ' actual I ,be.I..,   (.h.a(2,1=ozi.) ,1zozL.-1,nv.h.a)

vrlc.   (1olog, I (1x,&10,10.12.4/, (23x,9.12.4) ) ' )
1         .actlv.' ,.ctlv.,   (.h.a(3,1=on.) ,1zon.il,ziv.h.a)

wrlt®   (loloqr, . (1x,.10,10£12.I/, (23*,9fl2.I) ) 1 )
1         'grldd.d' ,actfrc,   (.h.a(7,1=oti.) , Lzon.-1,zLv.I.a)
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*
*                    1nltlal  .v.poratlon rat.  frcm v-t.r tabl.:

1f   (1unlt(5).n..O)   Ch.I
®vt£|x=0 .
dtv.vy= 0 .
do  1=ozi.=1, ziv.h.a

•h.d(1e,1=oae)=0.     I.v.p  frca vat.I  tabl.
•hod(23,1zot).)io.     I.v`g  a.pth  to  v.t.I

end  do
do  lr=1,ngov

do  lc-1,acol
lzon.  =   1bBh®d(1c,1r)
1f   (lzon..ot.O   ..nd.1bouzLd(1c,1r,1).gt.O)   th.zi

ac.ll  =  a.1r(1c)*d.1c(ir)
Not.s  at  thll  poltLt,  .t  ha.  air..dy b..zi
nultlpll.a b]r qrrld c.ll  -r.. vl.  array ®vtr
ln  .ubr  I;VTIRP.    C.1culat®  subba.1n  .t
a.  8`rat  a.lly  flu]E  [m/day] :

eh.a(18,1zon®)   -.hod(1e,1=ozi.)   +  .vap(1c,1r)
(actlv.  c.ll)  ar..-velq[It.a  .vo  a.ptzL  Co  wac.r  [L] :

•h.d(23,1=ozi.)   -.h.a(23,1zozL.)   +  ac.11*dtv(1c,1r)
end  1£

end  do
and  do
•veflx  I  o.
do  1=ozi.=1, nv.h.a

•h.a(18,1zon.)   I   ( (cnvl.a/czLveln)/.h.d(2,1=on.) )
* .h.a ( 18 ,1zoa. )

•vtflx  -.ttfl*  +  fih.a(1,1=on.)I.h.a(18,1=ozL.)
•h.a(23,1=ozL.)   -.h.a(23,1zon.)/.h.a(3,lzon.)
dtvavgi  -dtvavg  +  .h.a(1,1=on.)*|h.a(23,1zozl.)

end  do
•rrlt.   (1oloqr, I (1x,a) .)   'Eivaporatlon  rat.  £ron  laltL.I  WTs '//

I   (F1`i]E..  ba..a  on  tot-1  subba.1zi  -r.a.) '
1=18
writ.   (1olog, ' (25x,13,1x,.,f7.1,7x,10f®.2/, (t53,10f8.2) ) . )

1                           1, 'WT.v,in/d' ,   .vtflx,   (.h.a(1,J),J=1,nveh®d)
writ.   (1oloqr, I (1x,.) ')   .D.pch  to  w.C.r! .//

1                 I   (rl`i]E®e  b...a  on  .ctlv.  grrldd.a  .I.a.) I
1123
wrlc®   (1olog, I (25x,13,1x, ., £7 .1, 7x,10f® . 2/, (C53,10f8 .2) ) ' )

1                            1, 'avv  DTW[I.I ' ,   dtv&vqi,   (.h.a(1,J),jll,ziv.h.a)
®ad  lf

•zid  lf     lkkp.r=1
*
*                  For  .ach  .tr...  p.rlod  (a8Bun.a  to  b.1  yr),1zilc1.11=.  total  p`mplng
*                    rat.  for  .ach  .`ibbaeln  a.  .p.cl£1.a  ln  roDFLOW.e  Wl=I,I.1z]put  Ill.   (~.w.I).
*                          Th.  a.g.tlv.  elgn  1.  lzicroduc.d  Co  cazLc.I  tb.  .1gzi  dlf I.I.nc.
*                   b.tw..zi  th.  gwJIT  lrrlqi.tlozi  flu.I  (po.1tlv.)   azid  roDFLOW..
*                 v.ll  flow  rat.  (a.qr.tlv.,1...  punplnqr  out  of  th.  .q`il£.r).
*                    NOT=s   on  a  ccablzL.a  mT-HODrliow  r`in,   th.  corr..pozidlng  flux,   flh.d(9,*) ,
*                   1 .... un.a  to  b.  av-1labl.1n  HODFlk)W'fi  SHED  array  Just  prior  to
*                    .zLt®rlzig  th.  a-1ly  loop  ln  8tmT'.  a-1nllzi.,  wh®r.  flh.a(9,*)
*                    1e  I.trl.v.d  by  8WAT'.  .ubr  PABsrLX.

do  1-1,nv.h.a
•h.a(4,1)io.   I  .ccunul&tor  for  zi.g.tlv.  o£  .ubba.1z) v.ll  punplag  rat..

end  do
qpc - a .
a.un.O .
a.ct=O .
azoa.-O .
a.z=O .
do  I.]1,zlv.11.

11.  well(1,I')
1r  .  vell(2'I')
1c  -nell(3,I)
1trcyp.  -.r.1l(6,I.)   I...11  typ.(Of lrrl.i   lab.a.   flu)I  or  r.charg.)
1£   (1lrtyp®..a.1)   tt).a

qbc  .  qpc  +  v®|1(5'I')
®1,®

1=ozi.  -ib.hod(1c,1r)
qe`in  -q8un  +  v\ell(5,I)
1£   (1bound(1c,1r,1).gt.O)   a.ct  -a.cC  +  w.ll(5,I)
1f   (1zoa..gt.O)   th.a

q=ozi.iq=on.+vell ( 5 , I. )
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1f   (1bound(ic,1r,1).gt.O)   th.a
a-I  I  qa2  +  v.11(5,I)

Cot&l  pupping  r.C.  for  ..CEL  .`ibba.lps
add  th.  ti.g.tlv.  of  th.  v.1u®  r.ad  frca  ~.v.I.

|h.d(I,1=ozi.)   =  .h.a(4,1=oa.)   -nell(5,L)
end  1£

®tld  lf
ore  1£

end  do
iiirlt.   (lolog, . (1x,.,13, (1x,qrl5.7,1x,.) ) ' )

1         I gwBIRE.:  .Cr.I.  p.rlod' ,no.r,a.un, 'tot.I  puDplng' ,
1         qact, 'puzltplzLqr  lzi  -ctlv.  tiod..   (1bound>0) I ,
1         q=on., 'p`inplng  lzi  v.t.r.h.d  =oa..   (1zoz)®>O). ,
1        qaz, 'puxplng  lzi  actlv.  vat.I.h.a  zozi®.   I//
1                      I (1bound>O   and   l=on®>O) I ,
1                 abc, [total  for  v.1l.  I.pr.a.nclzig  £1uE  b.c.  .nd  I.ch&rqr®.
vrlt.   (iolog, ' (1x,a) I)   '8WBIRP:  total  punplng  b]r  eubb..1zi   I//

1             I.p.clfl.a  by  »odflov  ~.wel  inputs II-=0.
do  J=1,zlw.h.a

e`impp= .`izBmp+ .h.a ( 4 , j )
eh.a(9,J)   =  cnqrr*eh.d(4,J)/.hod(2,J)

®tld  do
ppflx  al  cnv]rr*.unpnp/bear.a
1=4
ttrlt.  (|olog,

1           '(13,1x,a,gll.3,8(13,gll.3)/,(25x,8(13,gil.3)))  I)
1                              1, 'P`1Dp,   I.3/T',   .uzbpBp,    (I,-hod(1,J),j-1,zlv.h.a)
writ.   (1oloqr, I (1x,a,t53,101e/, (t53,1018) ) . )

1          '   b-.1zi     I,(J,Jil,ziw.h.a)
fo=nat   (1x,a,t53,1018/, (t53,1018))
1=9
writ.   (1olog, I (1x,.) I)   .P`inplng  flu)I..   (ba..a  ozl  actual   .//

1         ..ebb.elzi  .r...j  .]Eclud..  £lurE  b.c.  and  r.ch.rqi.  `Ir.1l.) : I
writ.   (1olog, . (25x,13,a,f7.1,7x,10f8.2/, (t53,10f8.2) ) I )

1,.P`inp,in/yr. ,  pnpflx,   (.h.d(i,J) ,Jil,zlw.h.a)
priiEN
Ere

*----------------------------------------------------------------------

Swblfin: sDecifv tributarv flow. recharge. Dotential evaDoration. and irrigation
Read  .`lbbaeln  fl`ix  for  OZL.  Cln.  et®pj   ..C  `ip  corr..pondlng  condltlozL.  for  .olutlozL.

•ubroutln.  8WB1"   (gtBD, ISEBI),18HotJT, IB8H=D, =VTR, dtir,.vac, IRCII,
1      f`=CH, rchlnp,1bo`ind, D=IR,DELC, i.tin,.tin, I.oil,e.c.oil,n]Eetrn,
1      zi.Cren,v.ll ,n)Ev\ell, ziw.11., I)v.h.a, noucfl, n8oll.,uE.lay,1rropt,
1      1.vopt,1oprch,lop.ut, Jkkopt, cnvtln, carl.zi, a.lt,b..I.a, actfrc,
1      kber, kk.Cp,1fi., nrov, ncol, nla]r,1unlt,1o`it,1olog)

C*  u.ag.s    c.ll  frou aelallzi. noddv  to  nap  vat.r.h.a  h]rdrologlc  flu]E..
I                   frca  .ubba.1zi.  ozito  corr®.pozidlzig  .q`il£.I  grid  c.Ilo.
C
a ----- v=Rsloll    1     26][ayl995  gwBln.                                                                                  a
C               *****************************************************************C
C          READ  r.|ult.  for  c`irrezLt  tlD.  .top  fron  8VAT  o`itput  Ill..
C               *****************************************************************C
c           sp=clrlcATIONg a                                                                                                                   a
C-----------------------------------------------------------------C

DIREN8ION  SEED ( 3 a , nweh.a) , ISIED ( 10 , "r.h.a) , ISHOUT ( 5 , noutfl ) ,
1          IB8EBD(ncol, nrov) ,   =VTR(zicol, zlrov) , dcv(tLcol, zirov) ,
1          .Yap (ncol , nrov) , IRCH(ncol, nro`r) , RECE[(tLcol, zirorr) ,
1         rchlnp (ncol, nrov) ,1bouzld(I)col, nrotr, nla)r) ,
1          D=IR(zicol) , D=Irf= (nrov) ,
1          18Tf`N( 5,n)I.tzn) , STRA(20 ,n]E.tin) , =®oll (DIE.1.y, zieoll.) ,
1         `oc.oil (n]E.lay, z]vlh.a) ,WELL ( 6,n)Evo.ll) ,1unlt (24 )

ch.r-ct®r*50  fat.ito    I  foz"t  for  I.cord  r.ad b]r  e`ibr  .tfohard  (b.low)
ch.fact.r*30  nanbal  I  Ill.  zian.  for  h]rdrologlc  balanc.  Ill.  lf  .p.cl£1.d
ch.fact.r*10  colbdg(30)     I   lab.I  r.ad  vlth  hydLrologlc  coDpon®nt  from  .wh  Ill.
charact.r  I.clzip*132,  coltxt*10

*                    vector  for  av\g  ba.1zL  fl`i][!  ba.fl)I   (Modflov  `inlt.) ,   .ut£1]E   (twat  unit.)
din.zi.loll  ..rcfl]E(30) ,   fl]td.v(30)

*                  .ubba.1n  .`ine:  no.  actlv.  nod..,  I.charg.,
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•vapotrazi.  £ron v-t.I  tabl.,  punplng,  az)a  trlbut.r]r  outflow:
dlzb.zi.1ozi  nun.hd ( 50 )
dlD.a.loll  .ubv.1 ( loo)
d.C.   (colhdg(1),1-1,26)   /

1           'JLr..I  frc',   I   .r.all.^2] ', 'OrdJlr.al.^2', 'Irr_u..[L] ',
1          l Irrgwatrrc. ,. IrrR.t_frc ' ,.|r.Ord/let ' ,.Noticoacrlb' ,
1           'Irr_u..       I,I    Prep  m',
1            '   IrrlgliD   ',I         =TnD  .,'     guRQm  .,'rmio..ml,
1               I      IATQ  i]D   I,I      I.=RC  nm   I,I    OWRch  nn   I,I    Ow  ET  in   ',
1           .Ba.floe. nn','Pnd8..p  m',.   POT  =T  ml,'Trblnfl  m',
1            I     D"   [1.I    I,'Ebprat  in  .,.   awRchm   I,'Rchlzip            '/
data  fat.wb  /' (25x,13,1x,.,20£8.2) I/

ccc      a-ta  tlD.tp  /86400./   I  ..c/a.y
C**      d.ta  a.yetp  /365./       I  day/.t.p
C**       data  cnv£.a  /304.8/     I  Iiin/ft
C*.      dat.  cnvl.a  /1000./     I  in/in

data  ltrac.  /1/

I1-4
15-8
I    9-10
Ill-14
115-18
119-22
123-26

C
ci]L ----- IF  Dx.h.a  Is  I.=ss  TH^ii  1  TEBii  xODswB  Is  ImcTlv=:

IF(nw.h.a.IiT.1)   R=TUR)I
ill  =  1unlt(6)

*
*                  I.ad  .rr-y  SHED  v.ctor.  10-20  from  th.  flux  data  vrltt.a  by  SWAT.

tlrrlt®   (1oloqr, I (6(2x,a,15)) I)   'SielFm   kto.r=',kb®r,
1         'kk.tp=. ,kk.tp,.1rropt= I ,1rropt, 'ziw.11.= ' ,nvell.,
1          I nw.A.d= I , nw.h.a, ' 1op8tit=. , lop.tirc
lf   (kkfitp.®q.1)   th.zi

For  only  the  £1r.t  Cln®  fit.p  o£  ®.ch  .tr.fil  p.rlod,  1ziltlall=®  tot.I
p`rmplzlg  rat.  for  .ach  eubb&filzi  ..  .p.cifl.d  lzL  MODFI®W'e  WEE.I  input
fll.  (-.v.I).

Th.  zi.gatlv.  .1gn  1.  1zitroduc.a  to  cenc.I  tb.  .1gzL  dif I.r.nc.
b®tve.zi  th.  8WIT  lrrlgatlozi  £1u]E  (po.1tlv.)  azid  rot)rliow'.
v.11  flow  I.t®   (zL.g.tlv.,   1...  p`inplzLg  out  of  th.  aq`il£.I) .
do  1-1,30

.uhf lx ( 1 ) I 0 .
£1xd.v ( 1 ) [0 .

end  do
If  Mod floor  18  runnlzio  ln  .C.zid-.lob.  nod.   (I)ot  c.ll.a  by  8VAT,
1...lop.vt=O) ,  th.a  r.ad h.ad®r  lln..  frco  th.  hydroloqrlc  tl`ix
fll®3

For ozlly th.  £1r.t  tin.  .t.p of  th.  fir.C  .Cr..I p.rlod,  .1th.r:
(-)  I..a  h.ad.r  lln..  o£  £l`i]E  Ill.  vrltt.zi by  gvAT  .pp.zid.a  to  ~.I)wbi
(b)  I..d  th.  hydrologlc  b.1az)c.  Ill.  nan.  (~.b&l)  £ollovlng  th.
Ib.h.a  array,  clo..  th.  ~.ewt>  Ill.,  op.a  Ch.  ~.bal  Ill.,  atLd
proc..a  to  r.ad  th.  ~.b.I  Ill.  ae  1£  1C  v.r.  app.I)a.a  Co  tti.  -.evb
fll®.
1£   (kto®r.®q.1)   th.a

lf   (lop.ut.®q.O)   th.zl
r.ad   (1zL, I (-) I )   I.cinp
I..a  (I.clap, I (415) I ,.rr-loo,1oltat=1o8tac)

nyr. ,1]rr, lucot , J kkopc
1£   (1o.tat..q[.O)   th.zi

vrlt.   (1olog, I (1x,a) ')    lr.ad  bydLroloqrlc   I//
'balazic.fl  app.nd.a  to  fll .-.. vbs I

®11®
I..a  (I.clzLp, I (.) ')  zi.zBb.I     lhydrologlc  flu)I  fil.   (~.b.I)
wrlc.   (1olog, ' (1x,a) ' )'r®-a hydrologlc  b-I.nc..  frca  Ill.  .//  naDbal
clo..  (unlt=1tL)                           lclo..  th.  ~..wb  Ill.
op.a  (uzLlt=1n, Ill.iz)aDb.1,.tatu.a.old' ,

•rr=110,1oitatilo.tat)   lop.a  the  ~.bal  fll®
1£  (1oltat..a.0)  th.a

r..a   (1zL,*)   z]]rr.,   1)rr,   1utot,   jkkopt     l~.b.I  Ill.  r®c.   1
®1fl®

tlrrlt.   (1olog,.(1x,a)')    'SWBlm[  .rror:   '//
'balaac.  Ill.  ziot  found:   I//nanbal
trrlt.   (1olog, I (1x,a) I)   ' (I)azB.  I.ad  frcm   I//
I.nd  of  ~..tfo  ILL.  £ollo.Irlnqr  lb8h.a  .rr.y) '
Srop

®nd  lI
end  1£
`rrlt.   (1oloqr, . (415) I )   qrr.,L]rr,lutot,jkkopt
I..a   (1zi,I(a)I)   tnt.vb           l~.bal  £11.  r.c.   2
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220
221

irrlt.   (1oloqi, . (1x,.) . )
1                                  'Subba.1n  fl`ix  lzLput  foz"t  =   I //fat.wb

end  lf
I.rlt.   (1oloqr, I (3 (1x,&,qrl5.7) ,1x,-) I )

1                         'czlvl.zii ' ,czivl.a, 'm/a,  El..1zi  ar.ai' ,b..I.., [D^2.
vrlt.   (1oloqr, I (1x,a,12,1]E,.) I)    'SWBIF]l:   Trlbut.ry  £1ov.//

1                         I  .zLd  I.charge  ar.  a.fin.a  ae  follovl  for  Jkkopt=',
1                             Jkkopt,    I (d®f&ultio) : '

1f   (Jkkopc..q.O)   tb.fl
vrlt.   (1olog, . (1x,a) I )

1                                     .Q_trlb(22)   -c*[L.urf(13)   +  Q_.ub.urf(15)I '
vrlt.   (1oloqr,.(1x,.).)    'ev  R.ch(25)   -I)DogEi(14)   +.//

1                                      I   P.rc_r=(16)   +  PozLd  ...p-a.(20).
®1I®

wrlc®   (1olog,.(1x,.).)    .Q_trlb(22)   I   .//
1                                         'c*[Q_.ur£(13)   -(1/a)*]Dllo..(14)].

vrlt.   (1olog,'(1x,a)')   'ow  R.ch(25)   =  I)de..(14)   +'//
1                                 I   c*Q_8ub.urf(15)   +  I.rc_r=(16)   +  Elond  ...pag.(20).

end  lf
I-rlc.   (ioloqi, . (1x,.) ' )

1                             I (a  =  1   -noncontrlbutlzLg  fr&ctlozi) t
end  lf

®nd  lf
1£   (lop.ut..q.O)   th.zi

lchdg=O
do  will.   (1d]thdg..a.O)

r®.a   (1n, . (.) I )   r.clzip
ldrEhdg  =  INDEX(r.clzip, 'hydroloqilc  balanc.I )

end  do
I..a  (r.clzlp, I (fl5.O) I )  dt.v.t
d.lt  a  dt.vat/cziveln
I.ad   (1n, I (t53,101e) I )   (1dr[,Jil,nv.h.d)        I   col`inzL  h.adlzig
r..a   (1zi,220)   .vqrv.1,   (.ubv.1(J) ,J=1,zivfih®d)

fom.t   (£15.3,t53,10f8.5/, (C53,10f8.5))
format   (fl5.3,.,t53,10f8.5/, (t53,10f8.5))
r.ad  (1n,225)   tpd, (8h.a(8,J),J]1,nw.h.a)

225                             £o]:'n.t   (t39,f8.5,6x,10f8.5/, (C53,10£8.5))
226                           form.t   (t2,.,t39,f8.5,6x,10f8.5/, (t53,10f8.5))

r.&d   (1zi,225)   -vqrv-1, (.`il>v-1 (J ) , J=1,nw.hod)
cc                vrlc.   (1olog,221)   .v\gv&1, I   h**2;   £r.ctlozi.: I,   I   8ut>ba.LIL.:   fr.ctlon&  of  baeln
r®,
cc     1                   (.ubv.1(J) ,JI1,zLv.h.a)
cc               tirrlt.   (1olog,226)   .pot)a.   (ar.al  fraction.) a I,I  pond.i   .ubba.1n  fractloziB
cc    1                          fpd, (.h.a(e,]),]-1,ziv.h.d)
cc              vrlte   (1oloqr,226)   .grldd.a  -I..  fractloz).a   I,
cc     1                           .vgrv.1, (.ubv.I(J) ,J=1,nvflh.a)

Not.s  pozid  .®.p.g.  1.  p .... a  ..  a  flurE,  b`it  vlth  r®ep®ct  Co  th.  e`ibb..lzi
•r®.  r.th.I  Chap only th.  |ubba.1n'.  zLoacontrlbutlag  ar.-(th.t  whlcb
dr.1n.  to  th.  pond.)}  .a  dlvld.  th.  pond  flu]E  bar  .h.a(8,1=on.)  to
conv.rt  to  .  £l`i)I vltb  r..p.cC  to  th.  .ubballzi'.  I)oncozLtrlbutlng  area.

(25x,13 , ., 2f7 .1,10f8 . 2/ , (t53 ,10f8 . 2 ) )
*   Ilo      0      all        110        PREC  )D[     607.7        19.7      650.90      650.90      650.90      593.34
593.34      593.34      593.34      596.53      596.53      596.14
*                                                                                                                                                     596.14      596.53      596.53      596.53
596.14      596.53      596.53      596.53      596.53      Col.06
*                                                                                                                                                       607.96      607.96      607.96      607.96
601.06      607.96      607.96      663.16      607.96
*********  I.ad  (1n, I (a) ')   r.clzip     lfl`ibb..lzi  .r..  £r.ctlon.   (.lr®.dy  read
*                             a8  .h.a(1,*)   1a  .wblrp)

writ.   (1olog, I (1x,.,Ill) . )
1                  'R.ad  flu]t..  for   ', (colhdg(1),lilo,20)

do  1-10,20
r.ad  (1z),£Dt.vb)   1d*,   coltxt,

1                          .utflx(1) ,   flxd.v(1) ,   (.h.a(1,J) ,J-1,nwlh.a)
1£   (1d]E.zi..i)   trrlt.   (1oloqr, I (1x,a,13,1x,a) I)

1                             '8WB1"!   I//colhdg(1)//'1I',1,
1                          'blmatch  to  ~..vb  Ill.1d]EI.,ld]E

c                          irrlt.  (1olog,fut.vb)  1d)I,  colt*t,
c         1                           .ortflx(1) ,   £1xd.v(1) ,   (.h.a(1,J),]il,aw.hod)

end  do
®1.a

do  i-10,20
•ut I lx ( 1 ) I 0 .
£lxd®v ( 1 ) =0 .
do  J-1,ziw.h.d
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eut£1x(1)   I  .utflx(1)   +  |h.a(1,J)*.h.a(1,J)
end  do
do  J=1,nw.hod

find®v(i)   -  £ixd.v(1)   +
•h.a ( 1, J ) * ( eh.a ( 1, I ) -iutflx ( 1 ) ) * *2

®nd  do
fird.v(1)   =  SQRT(fixd.v(1) )

end  do
end  lf
•ctlv.  a bfiar..*actfrc
tirrlt®   (1olog, ' (3 (1x,.,g15.7) ) . )

1        . 8velnf:  a.1t=dtlv-t/czivtln=. , a.lc
writ.   (1olog, ' (1x,a,C40,17,C53,1018/, (t53,10i8) ) ' )

1              -No.   actlv.  nod ..., I).ctlv, (ziun.hd(J ) , J=1,tivlh.d)
vrlt.   (1olog, ' (1x,a,t40,f7.4,t53,10£8.4/, (t53,10£8.4) ) I )I Jlctlv./ eubba.1n  .r..  r.tlo. I , actfrc , ( eh.a ( 7 , J ) , J 11, ziv.h.a)

trlbutar]r  flov  r.t.  a  (ruzioff+.ub.urfac.  flux) *
cozitrll)`itlzig  .ubballtL  .r.ai

®nt®r  trlbut.I:y  £1ov  a.  1.t.ral  lzif low  to  thl.  r..chj
I..  abov.  for  calculatloti  of  (22) ,  cozLtrlb`iclozi  to  .tr.aDflow
frca  .ubb-.1n:
13:  .urfac.  ruaoffj  14:  trazi.nl..lob  lo..j  15s  let.  .`ibeurf .  £lov

do  1=ozl.-1, tLvflh.d
*                          col)trlbutlng  fraction  o£  .`ibb.|1fi:

coatrb  I   (1.-.h.a(8,1zoz).) )
*                           Jkkopt  1.  r.ad  frcm  SVAt'.  ~.cod  Ill.  az)a  pa...d  to  h.r.:

1f   (Jkkopt..q.O)   th.a
I                                  D.fault  a.£1nltlon.  for  r.ch&rg.  azid  trlb`it.r]r  I low:
*                                  (25)  groundwat.r  r.charg.  1aclud..  (14)  trannd..lob  lo..,
*                                     (16)  p.rcol.tloa  tbrough  th.  root  =oD.,   azid  (20)  pozLd  ...p-g..

•h.a(25,1zon.)   =  8h.a(14,1zon.)   +  .h.a(16,1zoti.)
1                            +   .h.a(20,1=on.)

(22)   trlbut.ry  flow  rate   (d®£.ult)   1ziclude®   (13)   eurfac.
runo££  .zLd  (15)   .`ib8urf.c.  let.r.1  flow,  both  r®duc®d  bar  th.
contrlb`itlng  ar..  £r.ctLon  of  th.  eubb..1zL;  the  r.nalzLd.I  of
the..  tno  C.in.  .nd8  up  ln  th.  pond..

eb®d(22,1zozi.)   =  contrb*(.h.a(13,1zozi.)   +  .h.a(15,1zozi.) )

D.£lnltloni  for  (25)  r.charo.  and  (22)  trlb`itar]r  £1ov  r.t.  ar.
nodlfl.a  lf  th.  optloa  jkkopt>0  11  1avok.a.    R.vl..a  a.flfiltlon.
ar.  b&fi.d  on  I.rot.  JIB  Ko.1llk®rt.  conc®ptu-I  nod.I  for  the
Rattl..a.k.  b.elni  h.zic.  Ch.  opclon'.  nan® .--. pp  J.a  4  96

®1e®
(25)   r.chargr.  aleo  lnclud..1at.ral  .ub.ur£.c.  flow  (15) ,
r.duo.a  by  Ch.  contrlbutlno  &r.a  fracclonj

fih.a(25,l=ozL.)   -.h.a(14,1zozi.)   +  cozitrb*.hod(15,1=on®)
+  gh.a(16,izoa.)   +  .h.a(20,1=on.)

(22)   Crlbut&r]r  flow  rat.   [I./T]   1.  glv.a  by
contrb* (.tir£&c.  runoff)   -(1/contrb) * (trad.D18f)loz)  1ofll) :

•h.a(22,1=ozL.)   I  cozitrb*.h.a(13,1=on®)
-   (1./cozLtrb)*.h.d(14,1zoD.)

®tLd   1£
®Bd  do

a.all  for  trlbuc.I:y  £1ov(22)   a  r.charqr.(25) :
do  1]22,25,3

•ut£1x ( 1 ) =O .
do  Jil,aw.h.a

•utflx(1)   I  .utflx(1)   +  flh.a(1,j)*-h.a(1,J)
®zld  do

end  do
•td  a.viatlozL  for  Crlbucar]r  flow(22)   a  r.chargi.(25) :

do   1=22,25,3
I led.v ( 1 ) I a .
do  ]-1,zlv.b.d

flxd.v(1)   I  flxd.v(1)   +
1                           .h.a(1,J).(.b.a(1,j)-.utflx(1) )**2

end  do
flxd.v(1)   I  SORT(£lxd.v(1) )

end  do

do  j-1,nw.h.a
nunetld ( J ) I 0

®zLd   do
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For  option  loprchll:  fi.t  up  lziltlal  r.ch.rqr. I-trlx vhol.
dletrll>uclon vlll  b.  balnt&1n.d  for  .acb  Cln.  .t.p  kyy  .callt)g
•l.a.I)t  valu..  by  Ch.  product  of  tin.  aad  r.ch.rg.  I lu]E ratio-
(a.leo/a.1t) * (®h.a(25, J ) /.h.a(26, J ) ) ,  wh.r.*  a.1to  I  lnlclal  tlD.  .t.p  duratloti,  Hodflov unit.I

*  dolt  ai  tlb®  .t.p  i  duratlozl,  Hodflov uzllt.|
*  eh.d(17,j)  I  lubb..1n  r.charg.  flux  (zm)  .p.clfl.a I)y  str.t  for  tin.  .t.p  1.
*  flh.a(25,j)   -.`ibba.1n  r.charg.   (in)   for  MODPLOV  a.  .`m  of  8W7IT  t.in.   (abov.)
*  eh.a(26,j)   -r.charqr.  £1`iiE  (ziD)   corr..pondlng  to  .rr.y  RECE[  -.  r.ad  frcm
*                 Xodflorr  input  Ill.;  flu]E  le  for  lziltl.I  tim.  .t.p  duration,  a.lto,
*                 .nd vlth  r..p.cC  to  ar.a  of  actlv.  node.  1n  .ubb-.1nj

1f   (1oprch.ot.O   ..zld.   kkp.r.®q.1   .and.  kk.tp..q[.1)   th.a
d®|to  =  dolt
do  lr-1,tLrov

do  lc-1,ticol
1=on.  I  lb.h.a(lc,1r)

r.ch wa.  alr.edy Dultlpll.a by  c.ll  ar.a  ln  RCHIRP
to  cozlv.rt  frca  £1u]t  to  flow  rat..

rchlzlp(1c,ir)   I  I.ch(1c,1r)

1f   (1zoa..gc.O..nd.1bound(1c,1r,1).qit.O)   th.a
•h.a(26,1zozL.)   I  .h.a(26,1zot).)   +  I.cb(1c,1r)

end  1£
end  do

end  do
rch£|x-O .
do  Jail,nv.h.a

•b.a(26,J)   I  a.1t*cnvl.a..b.a(26,J)/.b.a(3,J)
rchflx  -rchflx  +  ®b.a(1,j)*.I.a(26,J)

®Bd  do
1=26
vrlc.   (1oloqi, I (1x,a,g15.7) ')    'R.cbarqi.  fl`i)I   (Modflov  lnput'//

1                  I   ~.rch)j   ltLltl-1  d.1t  I',a.leo
vrlc.   (1olog, I (25x,13,.,£7.1,7x,10f8.2/, (t53,10£e.2) ) . )

1                  1,colhdg(1) ,   rchflx,   (.h.a(1,J) ,J=1,nw.h.d)
end  1£*                  root  =ozi.  p.rcol-tlozi  conpozi.nt  fron pr.cLpltatloa  1.  dl.trlbut.d

*                 .qually ov.I  .`ibb..1n  =on.  of  r.charg.  array:
*                        For  ..ch  grid  c.ll:
*                    R.charg.   (I.**3/I)   1fi  obt.1z).d  by  nultlplylag  I.ch&rg.  FLUE  b]r
*                 grid  c.1l  ar.a;  .1nll-fly  for  .vaporatloa  at  gro`ind  lurfac..
*                .r.-1  v.1gbc  1.  -dJu8t.a  for  grldd®d  .ubb..1zL  dl.cr.p.ncy:
*                         Not.  r.qiardlzlg  tLr..  dl.cr.pazLcy  b.tilr..A wac.I.h.a  eh.a(2, *)
*                 and  actlv.  grldd.a  &q`il£.r  flh.a(3,*) :   --.pp  12/30/95
*               rlu][ ov.I  .ctlv.  .I.a v..  pr.vlou.1y  lzicr.a..a b]r r&tlo  of  eubbaelzi'|
*              .I.. to  lt.  actlv.  grldd.a -r..j  thl. VA.  doll. by dlvldlng r.charo.
*                 .zid  .vapor&tlv.  £l`i]E..  b]r  tb.  ratio  .h.a(3,l=on.) /.h.a(2,1zon.).

qr.chl 0 .
nactlvlo
do  lr=1,arov

do  lc-1,ncol
lzon.  =  1b.h.a(1c,1r)
1f   (1zon..crt.O..nd.1bound(1c,1r,1).gt.O)   ch.L

nactlvin.ctlv+1
nun.hd(1=on.)   I  nun.hd(1=on.)   +  1
rc.r.-I  a.1r(1c)*d.1c(1r)
1f   (1oprch.gt.O)   th.n

r®cb(1c,1r)   -rcblap(1c,1r).(a.1to/a.lt).
( .h.d ( 2 5 ,1zofl. ) / .h.a ( 2 6 ,1zon. ) )

®1,®
r.ch(1c,1r)  -.i.a(25,1zoa.).rc.I../ (a.1t*cavl.a)

®zLd   lf
qr.ch  =  qr.ch  +  I.ch(1c,1r)*                                             ®v.por&tlon  .t  qrround  .urf&c.:  EVT  nodul.  1fi  u..a/

I                                            flh.a(21,*)   1.  .uppo..a  to  b.  pot.zLtl.1  ®t.
*                                                             NOTE I
*                                          1f  1.vopt  >  0,  .v&poratlon  frob  th.  vat.r
*                                             tall.  1.  controll.d by pot.ntl.I  evapor.tlon .t
*                                              ground  .ur£.c.  ..  c.lcul.t.a bir tw.tj  hovev.r,
*                                               lt  1.  cod.a b.low a.  th.  .actuall.  .C  ..  c.1cul.t.a
*                                                       b]r  SVAT.     Th.  zi.xt  v.r.loll  of  Swat-xodflow,   1...
*                                                .vacnod96,  11  .  llttl.  furth.r  aloz).  than  thle  v.r.loll
*                                               on prop.fly  r.pr.a.ntlng  .vapocran.plratlozi  fron  th.
*                                                    vet®r  table.
*                                           oth.rvlfl.  (1.vopt  <  or  a  0),  .vac  .t  grouzLd  .urfac.1.
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•p.cl!1.a  by  Hod£1ov  lz)put  to  th.  =VT  Dodul..
*

1£   (1unlt(5).zi®.O..zLd.i.oopt.gc.0)   Ch®n
•v¢r(1c,1r)   I  .h.a(12,1=ozL.) *rcar../ (a.lt*cnvl®n)

®Dd   1£
•1..  1£   (1=on...a.O)   th.a

r.ch(1c,1r)   =  0.
end  1£

end  do
end  do

*                   .h.a(4,J) :       tot.I  p`inplng  r.t.   [L^3/T]   for  ..ch  flubb.elzi  a.
*                                                  accuzmlat.a  ov.r  tlr\.lle  r..a  from  ~.WBI.  Ill.   (HODELOW)
*                    eh.a(9,J) :       flu]E(in)   corr®epondlng  to  total  punplziqr,   8h.a(4,J) ,
*                                                .p.cl£1.a  by  MODFrow..  ~.W=L  £Ll®  for  curr.zit  tin.  .t.p
*                                            (..qr.  in/a.y,  in/Donth,  in/yr).
*                   .hod(11,J) :     1rrlg&tlon  £1`ix  (in)   .p.clfl.a  by  SVAT  for  curr.I)t  tin.  flt®p.
*                    .h.a(24,j) :     a..1grzL.d  lrrlgatlozL  £1`i)I  (ztD) ,   calculat.a  all  a  ch.ck:
*                                                  1f  lrropt>O,1t  .I)ould  .qual  .h.a(11,J),   from  8WAITj
*                                                  och.rtrle.,1t  8hould  .qual  8b.a(9,J) ,   b&..a  on  HODFI.OW.I
*                                                        -.w=IJ   fll®.

do  J=1,ziv.h.a
I,h.a ( 9 , J ) -a .
|h.d ( 24 , J ) 10 .
1f   (.hod(4,J).gt.O.)

•h.a(9,j)   a  .A.d(4,J)*czlvl.I)*d.1t/flh.a(2,J)
Cad  do
1£   (zLv.lie.gt.0   .and.   1rropt.gt.0)

1         vrlt.   (1olog,.(1x,a)')   -SWB1":   1rropt  >  Oi   adJult   I//
1         I   ~.eel  p`Inplng  I.t..  to  natcb  Swat  lrrLg.tlozL  fl`ix.fl. I
qlrrlglo .
qpc I a .
do  I-1,zivell.

11.  v®|1(1,L)
1r   =   ,®11(2,1')
1c  I  veil(3,I')
".|| ( 4 , IJ) =O .
1utyp®  I  lr®||(6,I')
I  I  1b.h.a(1c,1r)*                          1z)clud.  only veil.  1n  .ctlv.  c.11.i
lf   (J.art.O.azid.1bound(lc,1r,1).art.O)   th.ziI                          1£  1rropt  >  a,  th.a  .cal.  the  r.t.  of  ..ch puBplng v\ell  LIL  th.

*                          .ubb..lz)  b]r  th.  ratio  .h.a(11,1)/.h.d(9,i)   eo  th.t  th.  eubb..1n.a
*                           total  punpizig  flow  rat.  corr..pozid.  to  th.  fl`i]t  .p.cl£1.a  by  SVATj
*                          oth.rwl..  (1rropt=O) ,  ul.  th.  rat.  .p.clfl.a  lzL  Hodflowt.  w.ll
*                        input  Ill.  -.v.I.
*                                Not.s  vell.  -r.  now dl.tlngul.h.d by t]p.i

1£   (|utyp...a.O)   th.zl
lf  (1rropt.gt.0)   th.a      lp`izDpln.  I.t.  controll.a  b]r  8tmT:

vell(4,I)   -veil(5,I-)*(eh.a(11,J)/eh.a(9,J))
®1..                                            lp`izBplng  r.t .... p.cl£1.a  by  HODrLOW  lzipot

cell(4,I)   I  nell(5,I.)
®ad  lf

lrrlg.tlozL  p`iDplng  r.C.  -.  £l`i]E  [L.v/I.v]   for  .ubba.1zi!
qlrrlg  I  qLrrlqi  -veil(4,I.)
•h®d(24,J)   I  .h.a(24,J)   -vell(4,I,)

®1.®
v.11(4,I.)   I  v.1l(5,Ii)
abc  .  abc  +  v®||(4,I')

end  lf
end  lf

Cnd  do
writ.   (1olog, . (1x,.) . )

Ib.c.,   r.ch-rg®  to.llfl

'Irrlgatlon  .p.cl£1.a  by Hodflorir  -.eel  lziput  Ill.: I
pe£1x=O.
..g£1x=0 .
do  JI1,zLw.h.a

pii]pflx  -pBpflx  +  |h.a(1,J)*.h.a(9,J)        Ilrrlgi.   £l`i]E   (in)  b&fl.a  oz)  Modflov  lt)put
•h.a(24,J)   -.h.a(24,j)*d.lc.cnvl.a/.h.a(2,J)
-.qrflx  -a.oflx  +  .h.a(1,J)*eh.a(24,j)

end  do
119
writ.   (1olog,.(25x,13,.,£7.1,7x,10f8.2/,(t53,10£®.2)).)   1,

1                          '^pprop,in  I ,  pnpflx,   (ih.a(1,J) ,Jil,zLv.h.a)
1111
writ.   (1olog, I(25x,13,a,f7.1,7x,10£e.2/,(t53,10fe.2)).)   1,
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colhdqi(1) ,   .vtflx(1),   (eh®d(i,j),J=1,nw8h.a)
1£   (1rropc.gt.0)   th.zi

writ.   (iolog, . (1x,.) I )
1                   .1rrlgr.   flux  Should  match  .h.a(11,*)   from  8VAT: '

®1e®
urlt.   (1oloqi,'(1x,a)-)   '1rrlg.   fl`ix  ehould  notch  '//

1                   'eh.a(9,*)   b...a  on  NODrliow  lziput: '
end  1£
1=24
writ.   (lolog,. (25x,13,a,f7.1,7x,10£8.2/, (C53,10f8.2)) ')   1,

1                          'A.qi.pup,b. ,  .egflx,   (.h.a(24,J) ,jll,ziv.h.d)
1ziltl.11=.  th.  lat.ral  1nflorr .rrqr  lf  lt vaen.t  lziltlall=®d
•lr.aqr  lzL  .ubr  SRF1":

1f   (1uait(1l)..a.0)  th.I
do  i=1,zL.tree

•t-( 18 ,1 ) =O .
end  do

end  lf
orrlt.   (1olog, I (1x,a) I)   .Outflonr  from  eubb..lzi  1  to  .tr.an   .//

1          'r.acb  ln  eubb&flln  2:.
irrlt.  (1olog,I(a).)   I   .ubl  .ub2    ronr    col  Qtrlb,D    R.ch,m'
qtrlb=0.
do  j=1,zlw.h.a

•tr®an  roach  ae.ocl.t.a  vlth  .`ibba.1zi  j  outf low:  1d]Erch  le  th.
1zld.x  to  fltr.an  (fl.giv.I)t,r®.ch)  ..  r.ad  frca  .tr.an  fll®  ~..tr.

1d]Erch  -1.bout(5,J)
1r  -1.trn(2,1d)Erch)     Irov  o£  .tr.azb  I.ach  location
lc  -1.trn(3,1d]Erch)     Icol`ma  of  .tr.an  r®.ch  locatlozi
lzon.  I  1b.h.a(1c,1r)   I.ubba.1n  ln which  .tr..a  I.ach  11.I

*                            trlbutar]r  outflow  frcm  8ubba.1zi  j :
qtrb  =  .h.a(22,J)*.h.d(2,J)/(delt*cnvl.a)*                         accunul.t.  trlbutar]r outflow ..  let.r.I  1nf low Co  .trean reach

*                           1d.ntlfl.a  b]r  lnp`it  to  Svelf`P  &1  ..gD.zit  Le.g,  r..ch  lr.ach,
*                             1ocat.a  at  row  lr,   colunB  Lc,   1n  e`ibb-.1zi  i=ozi..
*                          Not.s  dlv.r.loo.  hav.  air..d]r b..zi  .`ibcract.d  froD  etrD(18,*)
*                          1£  th.  lroDSRF  pack.gi.  1e  u..a  to  .p.cl£y  .urfac.  vat.r  u...

•t=n(18,1d]Erch)   a  .tzm(18,1d]trch)   +  qtch
qtrlb  -  qtrlb  +  qtth

ccc                lf   (1tr.a..gt.O)  writ.   (iolog, ' (415,2£9.2).)
ccc     1                  J,1zon.,1r,1c,.h.a(22,J),.h.d(25,J)

ut die
trrlt.   (1olog, ' (4(LIE,a,g15.7)) ')    '8WBlnl:   Qlrrlg=',qlrrlg,

1         'Qbci. ,abc,.Qr.chi t ,qr.ch, 'Otrlb= I ,QcrlbE-
Swblbd: summarize base flow and evaooration from shallow ground water
8umarl=.  aqulf.r  .olutloz)  for wet.rlh.a nod.I  (bal.flow,  .Yap_ut)

•ntr]r  8WBIBD   (8E=D, ISH=D, ISHOUT, IB9EBD, =VTR, dtv,.vap, IRCH, R=CII,
1        rchlnp,1bouzid, RELR, RElk:,1.tzb,.tzb, zloll,vc.oil ,a)I.tin, a.tree,
1        veil ,n)Ev.ll, nvell., ziw.h.a, noutfl, a.oil.,n]E.lay,1rropt,1.vopt
1        1oprch,Lop.ut, cnvtln, cnvl.zi, a.lt,b..r .-,- ctfrc, kb®r, kk.Cp,
1        nrov, ncol, nlay,1undt,lout,1oloqi)

C
C ----- V=RSIO»     1     26»ayl995   SWBIBZ)
CIJl ----- IF  nx.h.a  IS  I.=Sg  TEIA,)I  1  =ii=il  )OODSWEI  IS  IltlcTIV=:

IF(nvlh.a.I.I.1)   RETtm)1
1n  I  Lunlt(6)

*
do  1=ozL.il, nw.b.a

•h.a(18,1=ot).)IO.     I.Yap  frca v.t.r  tabl.
•h.a(19,1=on.)=0.     Ib&|.flow  (a.gatlv.  of  ltr.aqLb.d  I.-k&qi.)
•h.d(23,1=on.)=O.     I.vg  a.pth  to  v-t.r

®ad  do
*                    .vapor.tlon  rat.  £rcm v-t.r  tabl.a

dcff.vqr  -  a.
1f   (1ualt(5).fl..0)   th.a

do  lr=1,Brow
do  lc-1,ncol

1=on.  -1b.h.a(1c,1r)
1£   (l=ozi..gt.O   ..zid.1bound(1c,1r,1).gt.0)   th.zL

Not.:  .C  thll  polnc,  .t  ha.  alr®&dar  b..zi
Dultlpll.d by grid c.11  ar.. via err.y .vtr
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210

1n  .ubr  =`DIRP.    JLcculmil.t.  ®t  ln  .hod(18)   al  a
flux r.t. vlth r..p.ct  Co  tot.1  .ubballn ar.a:

•h.a(18,1=on.)   =  .h.a(18,1zozi.)   +  .vap(1c,1r)
ar..-tlr.1ght.a  &vg  a.pch  Co  vat.r  (actlv®  c®llfl) :

`rcar®a  -a.lr(1c) *d.lc(1r) /®h®d(3,1=ozl.)
•h.a(23,1=ot).)   =  .h.d(23,i=on.) +ut.r..*dtv(1c,1r)

®zld  lf
end  do

®Bd  do
do  J=1,nw.h.a

conv.rt  .ccunulat.a  .v&p  fron v.C.I  tabl.  [I.^3/T]
to  flurE  (in)  v.r.t.   fi`ibb..1n  .r.a,   flh.d(2,j) :

®b.a(18,J)   I  .b.d(18,j)*d.lt.cnvl.a/.h.a(2,J)
•vg  a.pth  to vat.r  for  actlv.  c.ll  ar.a  lzi  .ubba.1n:

dtvav\g  I  dtvav\g  +  .h.a(1,J)*.h.a(23,J)
end  do
vrlt®   (1olog, I (1x,.) .)   .av\g  a.pth  to  v-tor: I
1=23
vrlt.   (1olog, . (25x,13,a,£7.1,7x,lore.2/, (t53,10£e.2) ) . )

i, 'avg  DTW(I-] . ,   dtw.v\g,    (flh.a(1,J) ,j=1,ziv.h.a)
end  lf

Ba..flow  (frca  groundho.tor  to  8Cr®.n)   1e  the  a.g.tlv.  of  etr.aDb.a
I.akaqr.,  which  i.  c.1cul.t.a  b]r  th.  8TREAH  packag.  (I.rudlc,   1989) :

do  I.=1,a.Cron
lr  -  1.tzm(2,I.)
1c  -  1Itm(3,I')
1f   (1r.1®.O.or.1c.I..O)   tb.zi

print   I (3 (1x,.,16) ) I , I ecr.an  r..cb  L=' ,I.,'grld  c.11  not  a.flzi.a:   1c-I,1c, '1r=I,1r
•top

Cnd  1£
1=on.  I  lb.h.a(1c,1r)
1£   (1zoa®.gt.O)

•h.a(19,1zot).)   I  .h.a(19,1zozie)   -.t=n(11,I)
ead  do

cozlv.rt  th.  .`m  of  b.I.I low  for  ..ch  .`ibb.|1zi  to  .  I luzE  rat.  (ZBD)
vlth I.fip.ct  to  th.  .ubb..ln'.  Cot.I  .r...

do  ]il,nwlh.a
•h.a(19,J)   -8h.a(19,J).a.lt.cnvl.n/.I.a(2,J)

end  do
total  ba.1n  flow  rat.  for  GW  =t   (18)   azLd  .treaDb.a  1.akag.   (19) :

write   (1oloqr, . (1x,.,£6.1,1x,.,fl2.O,1x,a,g15.7) . )
' cnvl.a (n/I.) a I , czrvl.zi,I dolt (I) I I , d.lt , I b.&r.. ( L^2 ) I I , b8.r®.

writ.   (1olog,210)   .1d  So  V.  Aq  St  To  Sb  Bal  Sh  conpoti.nt'//
I   ba.1B     I,(j,J-1,ziv.h.a)

fomac   (1x,.,t53,1018/, (t53,1018))
1£   (1tr&c..gc.a)   th.zi

writ.   (1olog, ' (1x,.) . )
'8WBIBDs   A..ult.  ba..a  oz)  Hod£1ov  lolutlons I   //

'(18):    RIvj    (19)a   ®WQ|    (23):   DTW'
do  1-ie,ig

•utf lx ( 1 ) 10 .
do  J=1,ziv.h.a

eutfl*(1)   I  florfeflx(1)   +  .h.a(1,J)*.h.a(1,J)   Iba.1a  flo`.  rat.   ()8odflonr
unlc.)

end  do
writ.   (1oloqr, ' (25x,13,.,f7.1,7x,10f8.2/, (t53,10£8.2) ) ' )

1                          i,   colhdg(1),   .utflx(1),   (.h.a(1,J),J-1,nv.h.d)
®nd  do

end  1£
REEpt"
Ere
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SURFACE package: representing surface water diversions in MODFLOW
The following source code for the SURFACE package is linked into SWATMOD

for the Rattlesnake Creek Basin model.  A subsequent version of the package was linked
into SWATMOD2 and applied to simulate the I.ower Republican RIver Basin
(Sophocleous and Perkins,  1997b; Perkins and Sophocleous,  1997).  Because the linking
of the SURFACE package into SWATMOD2 was more fully developed and tested as part
of the Lower Republican River Basin study, SWATMOD2 was used for a limited number
of simulations to examine surface water diversions in the Rattlesnake Creek Basin; the use
of SWATMOD2 for this purpose is summarized above in this report.

SRFIAL: Allocate arravs for surface water diversions
gt)BRouTmi=  8RrlJil. ( Igux, I,ERE, LCOVRS , MXSURr , Nst"s , IN, IOuT,

ISRFCB,£11nan)
*  u®.9.:
ccc        IF ( IUNIT ( 14 ).OT. O)   CJLlil-SRFIJII. (IstJX, I.Eprx, I.c.urf,DIE.urf, a.urfe,
ccc     1                                        ItJNIT(14) ,IOUT,1.rfcb,fllnan(14) )
C
c ----- v=RgloN  1538   12itLT19e7  sRrl]il.
C              ******************************************************************
c           .il,IocAT=  ]iRR]Ly  gTOR]io=  ron  suRr  pAcmo=
C               ******************************************************************
C
c                  sp=clrlc]iTIONs :

char.cC®r  *(*)   fllnan

a
cl ------ ID=iiTIFr  pACKALol  ]LND  IerlTIAI,Iz=  NsuRrs

WRITE ( IOUT ,1 ) IN, £11zian
1   FOE`MLT(1HO,  'SRF1   --8tJRF   PACKAO=,   VERSION   1,    9/1/87',
1'   INpuT  READ  rROH',13,t   Ill.   t,.)
"St"SI0

a
c2 ------ RJ=ALD  unLx  Nu)D=R  oF   stJRTs  A)ID
C2 ------ u)ilT  oR  rlAa  rok  c=LL-B¥-c=I,I.  Prow  T=fu(a.

RI^D(I»,2)   xxst7RF, IgRrcB
2  roRmT(2110)

WRITE(IOUT, 3)   MXSURT
3   FOEunT(1H   ,  I]thxl]ft7)I  oF. ,15, .   8uRrAC=  imT=R  Dlv=Rslo»  PTS' )

Ir(IgRECB.og.a)   wRIT=(IorJT,9)   ISRTCB
9   FOEunT(1x, 'c=I.I.-B¥-CELI.  rlows  HILL  B=  R=coRD=D  oN  tJNITI ,13)

Ir(ISRFCB.LT. o)   wRIT=(Iot]T, 8)
8   FORinT(1x, .cml,-B¥-cell  rlows  wll.I.  8=  pRIRE=D  WHEN  ICBCFL  NOT  oi )

C
C3 ------ g=T  LCDVRg  =QuiL  To  loclTloN  oF  suRr  I,IST  1»  x  JiRR7ir.LC-g|Ig"
C
C4 ------ ADD  ^]oou)iT  oF  sE.JLc=  us=D  B¥  suRr  I.IgT  To  lstJH.
*                       ch-ng.  from  4*n]Eeurf  Co  5*n]E.urf  to  accomod.t.  v.rl-tlozi  ln
*                    flow rat. trlth tLD.  .t.p,  to b. a.t.mln.a  ln th. vat.reh.a
*                         nodul.  HOE)8ve,   eubr  8veH¥D.
*                       (1)  I.y.I
*                             (2)   row
*                             (3)   coltmz)
*                                (4)    ,egiv®Bt
*                        (5)   I..ch  frca which  flow  1.  dLv.rc®d.
*                      (6)  led.]t  to  ord.I  ln which  ltr.an  r.ach.a  ver.  r®.a.
*                          (7)   flow  r.t.  ..  orlg.  unl...1rropt>O   (MODBWB),1a  which
*                              ca..  .ur£(6)-rat.  r.ad  for  .tr..I  p.rlod  .nd  flur£(7)  11
*                               fic.I.a  accordlt)g  to  .ubb..1zi  eurfac.  Vat.r  ufl..
*                      (8)   flow  r.t.  (a..crib.a  .bov.)7

Igple*rmgur
I8t'|I-I9t'||+ISP

C
c5 ------ pRmn  iit7iD=R  Or  8pACEg   IN  x  ^RRILy  ug=D  By  8uRF  pACK^®=.

WRITE(IOUT,I)    Igp
4  roRmT(1x,I8, -=LDmiTg  IN  X  JLEmv  ]LR=  u8=D  FOR  guRr]ic=   .,
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1 •iur=R  Dlv=RsloNg. ' )
IgtJX1=ISUM-1
wRIT=(IouT, 5)   Istrxl,LEprx

5  rof`xaiT(1x,I8, .   =I.EbtmiTg  oF  x  .\RRJLr  us=D  out  oF-,I8)
C
c6 ------ IF  mR=  ISN.I  EENot]aH  spAc=  1»  in  x  ARRJLr  Tm]i  EiRI)iT
C6 ------ JI  WAENINO  M=SSJIG=.

Ir(Igu)I1.aT.I.=]ix)   wRII=(IouT, 6)
6   roELmT(1x,  .         .**x  ALRRAv  )(UST   B=  DIRENsloRED  IARo=R*** I )

C7------RETURNRE-
•.

SRFIRP: define surface water diversions for a stress period
gtJERotJTI»=  gRTIREl ( StmF , »StJRrs , lmstnF , iltzn, n]E.tin, IN, IotJT )

*  u.no®:
ccc       IF(ItDIIT(14).aT.O)   CALL  8RFIRP(X(Lceurf) ,neurfl,nxsurf,
ccc     1                              X(1cficm) ,n)Eetm,IUWIT(14) ,IOUT)
C
C
C ----- V=RSIoll  1544   22DEC1982   SRTIRP
C               ***,**************************************************************
c             R=ALD  »=w  suRTAci=  ilmTi=R  Dlv=Rslo]i  locAL"oNs  ^iiD  rlrow  RAT=8
a               ,**,***********,,****,****,****** ,,,,, *******,,,**************,***
C
C                    gp=CIrlcAiTlo)ig :
C
*                    Thl.  1fl  a  varl.Clozi  on  W=ZilRP  I.1tb  all  lad.)Elzig  .ch.n.  tax.a  from
*                          SWBIRP.

DI)fDISIoll  SURF ( e , MXstJRF ) ,1.t=n ( 5 , dx.tz:a)

a
cl ------ R=A,D  I"E.(]iune=R  or  suRrs  oR  rl^o  gjirnre  REus=  suRr  Da,TJi)

RinD   (IN'1)   Imp
1  roEunT(Ilo)

IF(IT)tp.O=.0)   CO  TO   50
C
clJi ----- Ir   lnD  I.=88  TH7L]i  z=RO  REu8=  RAT]L.   I.RliiT  ]f=ssAa=  ]ulD  REtptIEIN.

mlT= ( IouT, 6 )
6  FORunlT(1E[0, 'U..  .ur£.c.  v.t.I  dlv.r.loll. ' ,

1                                I    FROM   IABT   STRE88   P=RIOD')
EtJ=TUEN

C
clB ----- Imp->o.     8=T  NsuRrs  EQUJ\L  To  Imp.

50  NstJRFBIIT)D
Ir(Ngt]Eurg.I,=.Mxst7RE)   oo  10100

a
C2 ------ NgrtRES>HXSURr.      pRIIiT  )f=gsJLa=.   8TOEi.

wRIT= ( IotJT, 99 )   N8uRrs,ii]E8uRT
99   roEunT(1Ho,  iNst7RTs( I ,14,  I )   Is  oR=LT=R  TH»i  iD[suRr( . ,14, . ) . )

grop
C
C3 ------ PRINT  »tne=R  Or  .urfac.  vat®r  dlv.I.lone  IN  CUZLRE»T  STRESS  E>=RIOD.

loo  WRITE   (IouT,2)   NstJRrg
2   ron)IAT(1HO,lox,14,  .   8uRFsi)

C
C4 ------ IF  TH=R=  JLE`E  NO  ACTIVE  eurfac.  vat.r  dlv.r.lone  IN  TIIIS  gTR=SS
*                          pBRloD  TEI=»  RETumi

Ir(NsuRrg.=Q.O)   co  ro  260
C
C5 ------ RinD  AND  EIRIllT  IAY=R,ROW,COLt]lDt,   ..qm.nt,   I.ach  JIND  flow  RJITE.

1f   (1.rfcb.a..0)   WRITE(IOUT,3)
3  roR]nT(1H  ,'   LAY    Row    cob    ..q    rch    lax

a.un.O .
cO  IIil,ustJRTS

R=JLD   (IN,4)   I,I,O,1..qpc,1r..ch,Q
4             ron)tLT(515,rl5.O)

-(1,II)=K
8URP ( 2 ,11 ) .I
8t" ( 3 , II ) =J
•urf ( 4 ,11 ) -1..gnt
•ur£ ( 5 ,11 ) =ir..ch
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StJRT ( 7 , I I ) =Q
qlun=q®un+a

e.t  .ur£(JJ,11)  to  a  for  both  JJ=7  atid  e;  ...  not.  abov ..--. pp
•urf ( 8 , 11 ) Iq

FlzLd  th.1zid.x  to  th.  ord.r  lzi whLcb  thl.  (I.p.zLt,r.ach)
•oa.  r..a  from  th.  STR=^X  (~..tr)  input  Ill.,  to  allow  dlr®ct
lzid.xltLg  of  the  (|.giv.nt,r..ch)  for  fiubb..1n  outflov.

•®t  up  a  a.fault  Co  th.  flret  r®.ch  lzi  a.I.  no I.tch  1.  found:
larch I  1
do  ldr-1,DIE.tin

1£  (1..qmt..a.1.tzn(4,1dr) )  tb.a
1£   (1r.ach..a.1.tzm(5,1d]E) )   th.a

a-tch  v..  foul)a  on  (a.giv®nt,r.&ch)   for  .ubb..1n  outflow:
1dbErch  -  lax
90  to  30

•1..1f   (1.trn(4,1d]z)..a.1)   th.a
thl.  1.  b.tt.r  that)  nothing:  £1r.t  I.ach of  8azb.  a.qp.nt

Ldrcb  I  lax
®nd  lf

end  1£
®z)a  do

th.  (a.gn®zic,r..ch)  1d®nclfl.a  for v.t.fab.a  outflow va8n't
fouzid}  1.t  th.  u..r  how.

print  *, 'SRTIRPs  XL.notch  b®tv\..a  .ur£.c.  vac®r   I//•dlv.r.loo pt.  and  etr.an  ..qp.nt: I
prlat   . (5(1x,.,15)).,   .ourf.c.  dlv.r.ion.,11,I out£1ov  to . ,1..qDC, I I..ch I ,1r.&ch, .Lad.x ' ,1d]E
contlBu.
luff (6,11)   I  ld]Erch
lf   (i.rfcb.a..O)   t`rrlt.   (lout, ' (615,£15.3,15) ')

K, I , r,1 -.qmc ,1r®ach,1dkrch, a ,11
end  do
`Irrlt.   (lout, ' (1x,a,qrl5.7) I)    'gRrlRP:   total:   ql`in-',a.`aD

C
C6------R=mE`N

260   RETURN
;.

SRFIFM: surface water diversions as lateral outflow from streams

18UEIROUTIN=  SRFIF)( ( NstJEtrs , MXBURT , ax.trn, 8tJRP, 8TR)I, IBOUND,NCOI. , llROW, NLIY , lout )*  u.a9.i
cccc    IF(It"II(14).®T.O)   CII,I.  8RFlnt(zi.urf.,DIE.urf,a)tltm,x(Iic.ur£) ,
cccc   1            I(I€8TRN) ,x(IicIE}OU) , I)col, nrov, NIAY, IOUT)
C
c ----- v=RsloN  1233   12)tLvl9e7  sRrln[
a
C              ******************************************************************
c             guBTRILCT   a   rROH  RES
C              ******************************************************************
C
c                 8pEclrlc^Tlous a
C

C
*
*

DI]Bll8IO»  8URT ( 8 , )l][8URP ) , g|E`)I ( 2 0 , in.t=n) ,
IBOullD(]lcoI.,]lROW,llIAY)

1nLtlall=®  l&t.I.I  1nflov  for  ..ch  I.&ctL  to  =.ro.
Notes  Chl.  iron't  b.  don.1zi  8vel"  1f  lunlt(14)   >  0.

do  1-1,Dx.tin
•t-( 18 ' 1 ) 10 .

Cad  do
C1 ------ IF  Ntne=R  Or  .urfac.  wac.I  dlv.I.Lob  <zl  0  TEEEN  RRTtJEN.

IT(»stnrs.I.I.o)   R=TUR]i
C
C2 ------ PROCESS  BACH  .ur£.c.  v-t.I  dlv.r.loll  IN  RE  8t7Rr  LIST.

DO  loo  I.il,»StJRTS
IRI gtJRE ( 2 , IJ )
IC=St" ( 3 , I,)
IIJ=Sur ( 1 ' 1' )

cccc    1..qpt  I  .urf (4,I.)
cccc    lr..ch  -.urf (5,Ii)

108



1dxrch  I  .ur£(6,I.)
Q=-(7,I')

a
c2]i ----- Ir  TED  c=I.I,  1g   I]tACTlv=  TEmi  BTPJLss  pRoC=ggINo.

Ir(IBomiD(Ic,IR,II.).L=.a)   oo  To  loo
C
cab ----- IF  THE  c=I,I  18  vanl7LBI.=  EBALD  TEBii  suBTRlicT  Q  FROM
C             THE  .tr.an  r.-ch  1-t.r-I  1nflov:

•trn(18,1drErch)   -.tin(18,1dxrch)   +  a
ccccc  rms ( Ic, IR,11,) -Rzlg ( IC, IR,11.) -a

loo  CONTIRE
C
C3------R=Tt,R»

RETt"
Eve

Appendix E:  Potential evaporation (subroutine PENMAN)

Wind speed measurement height
An option has been added to SWAT (iopet, in options input ffle ~.cod) to

calculate potential evaporation over land according to the Penman equation 4.2.31
recommended by Shuttleworth ( 1993) and implemented by subr PENMAN, listed below.

Penman calculations are based on wind speed at 2 in above land surface (ALS),
denoted w2, which is estimated as follows, using eq. 4.4.9 in Shuttleworth (1993).  Wind
speed measured at 10 ng denoted ztio, is reduced by a factor/given by/= 34.9648/ofh./w),
where fh = ln[(zhro.08)/0.001476], /w = ln[(ZWTO.08)/0.01476]; and zh and zw are heights
(ALS) of humidity and wind speed measurements, respectively.  For zh = 2 in and
zw = 10 in. wind speed measured at 10 in is reduced by a factor/= 0.749; and wind speed
at 2 in ALS is estinated to be given by zt2 =/.ztio.

Source code
*  Ill.  p.rm.zl.for    .pp  lug  94    code-r. a.thod.  of  calculating  .vapotraneplr.tlon

8ubroutln.  P=NIAN  ( 1tr.c.,zb.Chod, Lezble., Juld.y,.1b®do,.l®v, p.tD,
1        phl , tnlzi, tnax, t.vy, dt.oil,.tJ ,v2 , I.lhuD,pcpr, hc, drE1.a£,.OJ ,
1       apd.I, r., ra, |ziJ , rlong,.hflu*,.tr.I)

ccc    ,dltchg,..chg)
*
I  Conput.  .v.por.tlon  ..tlmt..  (in/day) j  nuJnb.red  .q`i.tlozL.  r.£®r  Co
*  tlandbook  of  Eardrology,   1993,  mldb.zit,  .a.,  .fip.cl.lly  Ch.  4,  b.por.tlozi,
*  Shuttl.vorthi   .... I.o  ..c.  13.2,  pp.  13.22-13.25.    Thl.  routlz).11  d..lgzi.a
*  to  ale  ccxp.rl.on  of  v.rlou.  A.thod.  of  c.lculatlziqi  ®v.potrazieplr&tlon.
*         Hot.:  r.I.tlv.  h`inldlty valu.  1.  a..un.d to b.  avail-bl..
*
*  argun.nc  l1.C
*          Ivetp i
*  1nt  ltrac.  optlozi  (zio=O,  y..  oth.rvl..)  to  prlzLt  Dofit  calculat.a  valu.I
*                          Ju.t prior to  r.turning  ( .... ad of  routln.).
*  I.   patn     atnoeph.rlc  pr...ur.  (kp.)
*  r.    phl        .1t.  I.Cltud.  (r&dlazl.)
*  lnt  Julday  oullan  day  of  y.&r
*  I.    tmln      day..  nlnlibun  tap.I.Cur.  (d.qr  C)
*  r.    tbax      daiy'.  a.]Elnun  t.nperatur.  (a.g  C)
*  I.    t&v\g     a-y'.  Ivy  tap.ratur.  (d.g C)
*  r.    dteoll  chang.  £roo pr.vlou.  day  ln  .oil  t.np.ratur.  (a.a  C)  at  a.1 a a.pth
*  r.    .tj         lnconlng  .olar  r&dlatlon  (Ln.ol.tlozL)  -t  I.zLd  fiur£.c.  (MJ/day)
*  r.    u2          dqr'.  .`rg vlad  .p..a  (a/.)    NOTE:  ..t  nlaln`in  .t  1  a/.  (arbltr.r]r)
*  I.    r.1hun  I.1-tlv.  hilnldlty  (pet)
*  r.    hc          crop  h.1gbt   (a):  u..a  to  .valu&t.  .ctual  .t  by  (4.2.27)a   ..®  .t   (b.low).
*  r.    dxl..I  leaf  .r®a  ltLd.xj  1£  1ziput  ..  I.ro,  c.1culat.a by  4.2.23  for  gra...
*
*          OtITE.tm!  1ac.in.dl.t.  calculatloti.
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*  r.    cfcr.I  co.£flcl.zit  r.placing  th.  valu.1.26  ill  (4.2.38)  r.a.d  for  .prt.
*                         to  .q`i.I  .pr.I  (ebov.).

r.    floJ        day' I  a)ttrat.rr®.trl.llnccmlzig  r.dlatlozl  (HJ/D^2/day)  through  .
plazL.  tazig®nt  Co  a  lph.I.  .nclo.lag  the  ®arth'.  atnosph.r®.

OUTPUT :  .v.poratlozi  r.Bult.
r.    .par.I  r.I.r.nc.  crop  .vapor&tlon  (4.2.31  or  4.4.14),  v.reiozL  of  th.

(zb.Chod  1 )         I.nmzL-Hoath.1th  ®qu.tlozi  r.ccm.nd®d  bar  th.  Handbook  o£  Erdrolog]r
r.    .pot      pot.zitl&1  op.zi vat.r  .v.poratlon  (4.2.30)

(n®tbod  2)
r.    .prta  r.I.I.nc.  crop  .vapor.tloa  (4.2.38-39) ,  Prl.fitl.y-T&ylor  .qn.,

(n.thod  3)    radL.tLon b.a.dj  u..  cfrad=1.74  for  .rid  locatlone  (a.I .  avg
r.I.tlv.  hinldLty  <  60*  for month  of  p..k  ®v.poratlot)) j
oth.rvl..,  cfr.d-1.26.    I.I.,  cfrad=1.26  1.  ae.uned.

I.    .*lnb  r.I.r.I)a.  crop  .v.por-tlon  (4.2.33),  I..I)nan  ccmblzlatlon  .qn/
*(n®tbod  4)
*  I.    .pz]noa  actual  .vapotran.pLr&tlozi,   th.  P.zizbazL-Xoat.lth  .qt)  (4.2.27) j
*(A.thod  5)         .... I.o  p.13.25.
*                                     Thlg  nod.I  account.  dlr®ctly  for  the  phy.1c&l  a.chazil8ne  of
*                            turl>ul.nt  and nol.cular  dlffuelon  of  v.tor  vapor  a.  £ollovf].
*                                     For  .vapor.tlozi,   1.®.  tr&zi.I.r  of  wac.r  vapor  froD  plant  and
*                             floll  fiurfac..,  Curb`il.nt  dlffullon  doDlziat..,  and  1.  I.pr®B.zit.a
*                             b]r  ..rodynaialc  I..1.tanc®  ra  (I.2.25),   .  functlozi  of  wlzid  ep..d
*                              .zid  crop  h.1ght.
*                                  For  tr.zi.plr.tlon,  1...  Crab.I.r  of  vat.r v.por  from  1.af
*                           |tonat&  Co  pl.nt  fiurfac.,  nol.cul.I  dl££u.loll  dcalnat..,  but  1.
*                            cozlcroll.a b]r  the  plant'.  .tcaat.1  r®epon..  to  .oil  Dol.Cur.  and
*                          other  factor..    Thl.  cozitroll.a tr.zief.r  1.  I.pr...nt®d by
*                           .urfac.  I..1.t.nco  r.,  for which  aom.  ®nplrlc.1  r.latlozi.hip.
*                              .I.  &v.1labl.,   ®.g.   (I.2.22),  which  d.p®zrd.  on  crop  h.lght.
*                                   Th.zi pl.nc.  ar.  v.C,  thl.  .urfac.  r..i.C.nc.  1e  .££®ctlv®1y
*                            z.ro,  .1zic.  the  v.C.I  v.por  .oorc®  i.  on  Ch®  plant  €ur£.c.  I.thor
*                              tbaz)  1n.1d.  th.1..v®.   (fi .... c.   4.2.5).     ELut  .vapor.tlon
*                           during  pr.clplt.tloa  (aad  lrrlgatlon)  can  b.  r.pr.f!®nc.a  bar
*                            1nt.rc.ptlozi  (.nd  d®pr...loll  etorag.)  1o ....,  which  c.a  b.
*                             a.tlaat®d  .®par.C.1y.
*                                   Thlfi  1.  .  on.-.t.p zb.thod  to  c.lcul.t.  .ccual  ®v.pocr.a.plr&tlon,
*                            1n  cozitr..t  to  -11  of  th.  pr.c®dlzLgr a.thod.,  which  ..tlmt.  only
*                         r.I.r.ac.  .v.poratlozi,  which Du.t b. nultlpll.a b]r oplrlc.lly
*                          ba..d  r..trlctlv.  factor.  for  eoll  not-Cur.  and v.get.tlozi  to
*                          ..tin.C.  actual  .vapotran.plratloB,  azld h.nc.  ar.  r.I.rr®d  to  .8
*                               two-.t.p  D.thod.   (..c.   4.4.8,   E[azidbook  of  Hydrology).
*
*  Ch.ck.  azLd  zLot..  ozi  lzLt.rnal  v.rlebl®e:
*  ra                    ..rod]p.nlc  I..1flc.nc.  (4.2.25;  .... 1.o  .qzi  13.2.1)  ch.ck.
*
*
*
*
* da-
*
..On
*
*
*
*
*
*
*
*
*
*
*
*
*
*

for vlnd  .a..a u2-5  n/.a
crop            a.all  h.1gbt  hc   (b)         r&  (./D)
qrra..                            0.1                            45
agricultural          1.                           18
for.®t                       10.                                 6.5

zb.]E.  pol.1bl.  a.yllght  Dour.   (er,   .qn  4.4.1)   accuracy  11  vlthln  a.1  h.

•)ttr-t.rr..trial  .olar  radlatlozi  SO  lzL N./D^2/a.y va.  backed  out
frcm  (4.4.4)  b]r  nultlplylag  b]r  lalAbda  (1...  htvap) :  calculat.a
to  coDpar.  vlth  .OJ  abov..    Not.  Chat   (4.4.4)  nu.t  ae®un.  .
Dcalnal  vale.  for  h..t  of  vaporl=.tlon,  .o  that  .OJ   (abov.)
•hould  b.  zror.  rlgorou.  Ch.zi  .On.    1  coup-rL.oa  of  th.a.  ttro
for  1993  Sazrdyl.nd a-t.  (.cCu.lly  lt'e  lad.p.nd.nt  of  th...  dot.)
•hov.a  .  a..I)  .rror  loot(.OD-.OJ)/.OJ  o£  -1.2  pet  I.ziglng  frcm
-2.6  pet  to  a.6  PCC   (.nail  ccqDp.r.a  to  oth.r  .rror  eourc..
1n  .vapor.tloa  calculatlozi).   80   (zBb/d.y)  b]r  (4.4.4)   1e  .ccur.C.
to  vlthltl  0.1  in.

Ch.ckl  £roD  mldfb.zic   (p.4.31)   tor  JLprll  15   (IJullazL  day-105) :
I.tltud.  (a.g)        N  (d.ynax,  h)         80   (in/day)

30   N                                    12.7                                  15.0
0                                         12.0                                 15.1

30   a                                   11.3                                11.2
*.-__------------------------------------------------------------------------

dlD.I).Loll  .tr.I ( 5 )
ch.r-cC®r*60  I.£nan(5)
a.ta   (r.£zlan(J),JI1,5)   /

1         I (4.2.31)   I..I)nan-)OozLt.1th  r.I.I.ac.  crop  .v.p. ,
1         I (4.2.30)   I.nDazi-Monc.1th  pot.ntlal  op.a  v.t.r  .vao' ,
1         I (4.2.39)  I.rl..tl.y-Taylor  r.I.r®nc.  crop  .vap' ,
1         . (4.2.33)  I:litlb.fly  I.I)a.a  I.I.I.zic.  crop  .vac. ,
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1         . (4.2.27)   I.nn.a-Ifoat.1th-/*                 co.I £1cl.nee  for  ..tlnatlng  lnccnlzig  .ol.r  r.dlatlon  .t  qilv.a
*                 e][tr.t.rr.|trlal  |olar I.dl.tlon  .a  and  fr&ctlon of  cloud cov.r a/N:

dat .-.,  b.  /a.25,   0.50/
*                  ..t.  alb.do  (r.fl.cC.nc.) :   (I)ov p..a  ..  .rqrun.zic)
cccc    data  .lb.do  /0.23/
*                    St.I.zi-Boltmaan  con.t.zit   (MJ/D^2/K^4)   for  lozig-vav®  r-dlatlot):

a-t.  .C.fall  /4.903.-9/*                  .ol.I  con.tent,  I-ngl.y./DlzL:
dat-g.c  /1.957/

*                   conv.rt  radl.tlon  ln  I.ngl.yl   (col/ca^2)  Co  HT/n^2:
*                              (not.:  b.I.a  ozi  1  d  -  0.239  cal)

data  radctLv  /23.9/
*                    .oil  h..t  c&paclty   ()IJ/(n^3*C) )   for  .v.rag.  zrol.t  BOLL   (H.zidbook,p.4.10) :

a.t. cp.oil  /2.1/
*                   pr.Sun.d  eoll  a.pth  (a)   for  Cenp.r&tur.  chang.  dTeoll:             (4.2.17)

data  dploll  /a.15/
*                             .p.cl£Lc  h®.t  of  noiet  .ir   (I./(kqr*C))   (p.   4.13):

data  cp  /1.013/*                         alxlng  r.tlo  (ch.ck  t.=n) :  ratio  of  nol.cul.r velght  of  vac®r
*                          vapor  to  Chat  for  dr]r  .1ri

a.ta  .pelln  /0.622/*                   co.fflcl.I)t  for  psychrom.trlc  cozi8tant  gama:  p&co.£=1..-3*cp/.p.liz)
dat.  p.co®£  /1.6286.-3/
dat.1opchk  /0/  loptlon  to  t`rrlt.  out  tabl.  vlth  .ntrl..  llk.  I.  4.4.3
data  lnltl=  /a/

*._-._-__-__-__.__-.__-___.-___.-
•                   |aturatlozL  vapor  pr.||ur.   (kp&)   glv.zi  tcap.r&tur.   (a.g  C) :       (4.2.2)
•                     (aoproxlnatlon  for  Clan.luff-C1.p.]rron  .qzL  (3. 3.3) )

a.t`rp(I)   I   O.6108*E[P(17.27*T/(237.3+I))*                          .v.lu.C.  a.rlv.tlv.  a.1ta  =  a(..)/dT  at  I  (kp./d.gc) :           (4.2.3)
d..dt(..,I)   -4090 .... /(237.3+I)..2

*                   ®fltLnat.a  d.zL.1ty  (kg/b^3)  of  not.t  air  (.qzi  4.2.4,   Shuttl.wortb,
*                   Ch.   4,  Evapor.tlon,  I.ndbook  of  tnrdrology,   .a.  tnr  H.1dr.zLt   '93),   for
*                  .tno8ph.rlc  pr.®.ur.  P  (kp.)  .nd  .1r  t.np®r.Cur.  I  (a.g  C) :

•1rd.n(p,I)   I  3.486.P/(275.+I)
*                  ®etlnat.a  atnoeph.rlc  pr...ur.  P  (kE.a)  a.  .  £`inctlon  of  .1.v.tlozi  =  (n)
*                   1..I  .r..1nd.]E  for  cllpp.a  gra..  of  h.1ght  a.05  <  hc  <  0.15  ns

d]Egra.(hc)   -24.*hc
*                   l®.I  -r.-1zLd.x  for  .lfalf.  of  h.1ght  0.10  <  hc  <  0.50  a:

d]Ealfa(hc)    =   5.5   +   1.5*JLI®®(hc)
I                  program  p.t.nd.b-.  (RBtJ)  vapor  pr.I.ur®  a.1cul.tlon:

`rpk.u(RE,I)   =   6.11*(RE/loo.)*10.**(7.5*T/(g+237.3))
*                  nobln.1  atm.  pr...ur.  at  .1t.  (Ipa) §  =i.I.v  (a)

pnob(a)    I   101.3*((293.-0.0065*=)/293.)**5.256
(The  .bov.  functlozi  1.  ue.a  ln  th.  calllzLg  routln.  =TSALND)
pr...or.  cozLv.I.lob. :
1.tn  =  101.32  Ipa   (kE..  I  kllop-.call   1  p..c.1  =  1  N/n^2)

I  1013.2  nllllb.r.  I  760  in  Hqi  -10.33  D  vat.r
.  14.7  p,1, I  29.921zi  Hg  =  33.9   £t  vat.r

( 4 . 4 .12 )

1£   (1ziltl=..a.O)   then
lnltl=  I  1
pl  -4.*JIT»,(1.)
tvepl  =  2.*pl
ggcd.y  I  a.a.24..60.

•olar  cozilcazit   (MJ/n^2/a-y) :
a.cJ   =  a.c*24..60./radcnv
qrovrpl=qi.cj/pl

co.I.  u..a  lzl  (4.2.18)   for  dally  chazLg.1n  .oil  h..t  cone.zLts
cpdp  -  cploll*dp.oil
print  110,..ol.I  con.tazit   ()IJ/n^2/a.y)  o.cJi' ,g.cJ,I o.cJ /pll -, govrpl
prlz)t  110, ..oil  a..t  fl`ix  co.I  cp*dp  ln  (4.2.17)   =',cpdp

Cad  1£
*                   choo..1fit  A.thod  1£  not  .p.cl£L.a  (1-5) i

1£   (a.thod.It.1.or.a.thod.gt.5)  n®thod-1
*
*                             zioDlzi&l  atno.ph.rlc  pr...ur®   (kEl.) :

p,tn  I   PNOM(®|®v)*                      I..a a.lly .1r top.r-Cur.  (a.g I) i
t.vgk  I  tav\g  +  273.2

*                             Julday  i=  J`ill.zi  day
djulla  =  Juld.y
yrfr.c  =  dJulla/365.
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*                dr  -  ..rth-.un dl.taac.  ..  fr.ctlon of  (a..a?)
dr  =   1.+O.033*COS(tropl*yrfr&c)

*                           .olar  a.clln.tlozL  (radlaafi)
dlt  =  O.4093*gIN(tvopl*yrfr&c  -   1.405)

*                         .un..t  hour  angl.  (r.dlane) :
vl  =  Acos(-T»i(phl)*T]pr(dlt) )

*                          na]E.  po..1bl.  a.yllght  hour.  (») :
a.]max  -24.*(w./pl)

*

(I.4.5)

(4.4.3)

(4.4.2)

(4.4.1)

*                          .]Etr-t.rr..trial  .ol.I  radlatlon  80  (Md/D^2/day) i                   (c.751)
•OJ   -(w.*SIN(ptii)*SIN(dlt)   +   COS(pbl)*COS(dlt)*SIN(w.))*

1             dr*glcday/ (pl*r&dcnv)
*
*                             I)tvap  =  I.t.nc  h®.C  of  vaporl=atlon   (HT/kqi)   (1.nbda) :            (4.2.1)
*                                         ba..  thl.  oa n®an  a.1ly  t.Dp.ratur.  tavg  (dog  C),
*                                       but  1.  d.flzi.d  ln  C.in.  of  Te,  v.C.I  .urface  t.np.ratur..

htv.p  I  2.501  -0.002361*tavg
*                          p.ycbron.trlc  con.tant  (kp./dog  C) :

qrazBna  I  p.co.I *patm/htv&p*                  day'e  .vqi  eatur-t.a v.C.r  vapor  pr...ur.  (Ipa)   (...  p.  4.33) :
•rmln  I  SJlm(tnlzi)
•.na]E  =  8Jlm(tmax)
•..ir`g  I   (..nlzi  +  .in.]E)/2.*                         ..tin.t.  &v\g vapor pr...vr.  d.£1clt  (kp.) :
vpd.I  =  ...vg*(1.-r.lhun/loo. )*                         ..t.  vat.r vapor pr..|ur.  (kp.)  at  d&y'.  any  try  (a.g  C):
•.   al   SJLTVP(t.Vg)

ccc=c    ..et\q  -..-:`rql..

(I.2.28)

(4.4.6)

CCCCC  a..dt(..,I)   ai  4098.*../(237.3+I)**2          I (copy  of  lt.t-.I)t  fuzlctlozl  abov.)
*                           .v&lu&t.  &v\g  d.rlv.tlv.  d.1t.  I  a(a.)/dT  -t  I  (kp&/a.gc)     (4.2.3)

d.lta  I   (D=SDT(..nln,mlzL)   +  D=8DT(..a.][,fro]t) )/2.
cccc    dltold-4098.*../(237.3+t-vg)**2
cccc    dltchg  I  a.1t-/dltold
*

To  cotLv.rt  .ol.r  r&dl.tlozi  fron  )tT/b^2/day  to  in/day,  dLvld.  bar
htvap,  th.  I-t.zit  h.at  of  v&porl=-tlon  (X7/*g),   (4.2.1).

Etel.ziatlozi  (p.  4.8) :  for  zi.t  r.dlatloa  Rn  (HJ/n^2/day),  th.
•q`ilv.1.zLt  d.pch  of  .v.por.t.a v.t.I  1.  Rzl/ (rtro_v*1anbda)   (a) ,
wh.r.  rho_v-  a.a.1ty of  v.t.I  (approx.  1000  kg/n^3)  .nd

lanbd.ilat.nt  h.&t  of  vaporl=.tloa  (htvap,  abov.,  HT/kg) .
•o  .q`ilv.1.I)t  .vapor.t.d  d.pth  (b)  1e  (1000/rho_v) *Rn/I.nbd.,
or  appro*1n-t.1y Rzi/1.nbd..
e][trat.rr..trl.I  .ol.I  radl.tlozi  .OD  ln NT/a^2/day back.a  out
fron  (4.4.4)  by "ltlplylBg  b]r  lambda  (1...  htvap)i   ...
ziot..  on  .On  lzi  .rg`in.nt  l1.t  a..crlptlon.

cccc     .OD  -htvap*15.392*dr*
cccc  1                        (v.*slN(phl)*8IN(dlt)   +  cos(phl)*cog(dlt)*gler(v.) )

*                         ab.orb.a  .hort-v.v.  radl.tloz)a
gnJ  -   (1.-.1b.do)..tJ

(4.2.5)

*                 lnc®zm.dl.t.  c.lculatlon.  for a.t  long-v.v.  r.dl.tlon:
*                        ..t.  fractlozl  of  avallabl.  extrat.rr®.trl&1  |ol.r  radlatlon:

radtrc  I  ltJ/|Oj
*                           ..tlmt.  fractloz)  of  cloud  cov.I  d&yfrc   (zi/N)  b..ed  OZL  .t  .zid  .0:
*                             I..rraz)g.  .q`i.tLozL  u..a  Co  ..Clmc.  .C  I  80*(..  +  b.*zL/N)   (I.2.6)
*                           1zlto  th.  fo=n    I(.t/.O)   -..I/b.  =  a/Ni  ncalzL.1  v.1u..  for
I                       co.ffLcl.at.  a.,  b.  .I.1zi dat.  .t.t.n.nt.    I.1Dlt  thl.  fr-ctlon
*                          to  th.  r.ng.  [0,1].

d&yfrc  I  JutlN1(1.,   A)t]]E1(O.,    (r.dfrc   -&fl)/b.   ))
*                             cloudln...  I-ctor  I  u.1zLqr  ncmlnal  co.££1cl.nc.:                         (4.2.12)

I  =  O.9*dqrtrc   +   0.1
*                 u..  th.  .1t.rzi.t.  c.lculacLon  (4.2.9)  1£  r.latlv.  hiinldlty  1.a.t
*                 av.llabl.i  ..g.  for  twat,  Cenp.r.tt]r.  con..  £ron dab.,  but  r.latlv.
*                  hunldlty wa.  .1nul.C.a.

1£   (i.nl.I..a.O)  th.a
*                         un.aturat.a vapor  pr.||ur.a  froD  a.I.  RH  I  .(I)/..(I) :

•ua.at=  ..av\g  -  vpd.I*                        .It.  a.t  .nl..1vlty fron vapor pr...ur.  (kp.) :
•nlfi.   -0.34   -O.14*8QRT(®un..t)

®1.®
ale:  ..t.  tL.t  .ol..1vlty  from  .v\g  C.np.I.Cur.  (a.g  a) :

ull.  I  -0.02  +  O.261*B)[P(-7.77.-4*t-irg*ta`rg)
end  1£

zl.t  lozlo-*.v.  I.dl.tloB  (HJ/D^2/a.y) :
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rlozig  I  -I *.nl.|*.t.fan*C.vgk**4
*                            ..t.   .oil  h.&t  £1u]E  (HJ/b^2/d.y) : (I.2.18)

•hfl`l]E  I  cpdp*dt.oil*                 .a.rcry  -vallabl.  for  .vapor.tlon  (zD/a.y)  =  a.C  r.dlatlozL  -  .oil  h..t  fl`ix
*                             zL.t  r.dl.tlon   (N./b^2/day)   I  .nJ   +  rlozigi                                      (4.2.13)

-vall  I  (|nJ  +  rlozLg  -.hflut)/hcv.p*                          avaLlabl.  .a.rg]r  co.££1cl®z)t  for  pot®ntlal  .v.porltlon  frco
*                           op.a  v.t.r  (4.2.30),  for  th.  Pri..tl.y-I.ylor  .qzL  (4.2.38-39),
*                             .zLd  th.  klnb.fly  P.I)nat)  coDblzL.tlozL  .q`i.tlozi   (4.2.33) :

flp  I  d.1t-/ (a.lc.+gama)

1£   (D®Chod..a.1   .or.   1opcbk.gt.0   .or.   1trac..gt.a)   th.zi*                       .v.luat. r.I.r.nc. crop .vapor.tlon:
*                            co.f[.  £1rc  and  f2rc  are  both  fuzictloa.  o£   (I,u2,=).
*                         v.rl.Clozi  ozi p.ychron.trlc  con.taat  gama  (abov.) :

g.t.r  -qr±±±*(1.+O.33*u2)*                         av.1labl.  .n.roy  co.I. :
flrc  I  a.1t./ (a.1t&+g.t.r)*                         vapor  pro.|ur.  d.£1clt  co.I. :
f2rc  I   (gazBna/(a.lta+g.t.r) )*900.*u2/(tavgi+275.)*                        ..t.  r.I.r.nc.  crop  .vapor.tlozi  (in/day) :

(4.2.31)

(I.2.32)

(I.2.15)

(4.2.16)

( 4 . 4 . 14 )
®t:r.I(1)   I  £1rc*.vall  +  f2rc*vpd.I

end  lf
*                          ..t.  .vaporatlozL  rat.  £rca  op.zi waters  pot.ntl&1  .vap  by
*                               P®z]D.a  .qtL   (4.2.30),   r.wrltt.a  a.   (4.4.10):

1£   (n®thod..q.2   .or.   1opchk.gt.O   .or.   1trac..art.O)   th.a
*                          .a.rqr]r  avallabl.  for  .v.por.tlozi  from  oE>.tL vat.r  (in/a.y) ,
*                           .a.`]nlzig  th.t  dat.  to  ..tlmt.  adv\ect.a  .zL.roy JLh  (4.2.20)   1.
*                          not  avallabl.  (a..  flovchart,  Tabl.  4.4.1,1tca  5b);
*                         Not.  that  alb.do  for  op.zL v.t.r  fron I.  4.2.21.  u..a h.r.§

data  .lbh2o  /0.08/
•vlopzi  -(8CJ*(1.-.1bh2o)   +  rloziqr)/htvap
f2p  =  .aziDa/(a.lt-+g.rna)*6.43*(1.+O.536*u2)/htvap

(4.4.13)
•tr.I (2)   I  flp*&vlopn  +  £2p*apd.I

end  lf
*

( 4 . 4 .10 )

*                  alw.y.  calcul.C®  thl.  for  zrov  to  pa..  back  ccxp-rl.on v/  a.tbod  1.
cccc    lf   (a.thod.®q.3   .or.   1opchk.gt.O   .or.  Itr.c..gt.a)   th.a
*                 compuc.  co®£.   for  ccap&rlziqr  vlth  radl.tlon-b...a  .qu  4.2.38-39:
*               u..  cfrad=1.74  for  .rid  loc.tlozl.  (a.I.  avg  I.I.tlv.  hilnldlty  <  60*
*                for nozlth  of  p.&k  .vaporatlozi) ;  cfr.a-1.26  oth.rwl...    H.I.,
*                 cfradll.26  1.  .fil`in.a.
*                         Prl.fitl.y-I.ylor  ®qn  (r.dl.tlon-bal.d  .vap) :

•tr.I (3)   a.1.26.flp*av.1l                                                                                    (4.2.39)
*                           coDput.  co.I .  I.a.a  for  radlatlon-b-..a  .qu  (4.2.3e-39)   to  zbatch
*                            valu.  .1v.zi  by  .tr.I(1)   £ron  (4.2.31) §

cfcr.I  -.Cr.I(1)*(1.+gama/a.1ta)/&v.11
cccc    .nd  lf
*

1f   (a.thod..a.4   .or.   1opchk.gt.0   .or.   1trac..gt.O)   th.a*                         .et.  ref .  crop  .vap  ba..a  ozi  th.  Klnb.fly  P.rm.a  conbln.tlon
*                           .qn  (4.2.33),   .o  I)an.d  for  u.lag  -..a.on&1  adJu.tn.at  ba..a  on
*                          Klab.fly,  Idaho  data.
*                                 vlnd  fen  for  th.  Klnb.fly  I.nn-a  conblzL.tlon  .qn:
*                              co.I.   .v  for  vlzrd  £`incclon   (b.low) :                                                     (4.2.35)

av.xp  I   ((dJull.-173.)/58.)**2
•v  =   0.4   +   1.4*EXP(-.ve)ED)

*                           co.I.  bv  for  vlnd  fuz)ctlon  (b.low)   for  Nortti.rn  latltud.a: (4.2.36)
*                           (for  South.rn  1.Cltud .....  v.rl.tlozL  glv.I)  1n  Hazidbook)

t~  -((dJull&-243.)/80.)..2
br..   I   0.605   +   O.345*EXP(-I>W.)O)*                         vlnd  function  for  Xlnb.fly  I.man .qu:
mdftz)  -  .v  +  tm*u2
£2k  I  oama/ (d.1t.+gama) *6.43*imdftn/htvap
•tr.I(4)   a  £1p*avall  +  £2k*vpd.I

®t)a   1£

(4.2.34)

(4.I.13)
(4.2.33)

*
*                            r..1fitanc®-ba..a nod.I,  th.  I.t]mn-Xont®1th  .qzi(4.2.27)

1f   (a.thod..q.5   .or.   1opchk.gt.O   .or.  1tr.c..gt.a)  th.zi
*                           1£  1..I  .r.-lzid.][  11  ziot  glv.zi  (1...1npuc  ..  I.ro),
*                       u..  4.2.23  to  ..tin.t.1..I  .r..  led.]E  for gr...:

1£   (dri..I..a.0.)   dbEi..I  I  DxOEthg(hc)
*                          ..t.  fractlozi  of  day  th.t  cazlopy  i.  ir.t/  ue®  to  I.duc®  .urfac.
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r®,18tanc® ,
frcv.C  I  Jl)flN1(1.,0.045*pcp)

approxlmat.  .urfac.  r..1.tanc. : (4.2.22)
r.  I  frcv.C*200./d]E1.a£

voa  Kam.fi  cozLltazit :
data  vozlkar  /0.41/

a.Bun.d  h.1ght.  (a)  of  vlnd  .p..a  and tiunldlty n.afiurou®nt.:
data  zu,   =®  /2.,   2./

1zlt.in.dl-t.  v.lu..  for  a.rodybanlc  r.el.C.nc.  (b.low)
for  a a.an  crop  h.1qiht  hc   (a) §
roughn...1.a.Ch  (c.I.   (13.2.2)):

a  10.67*hc
=.ro  plazi.  dl.plac.n.zit  for  wlzid  .nd  hunldlty  I.ctorfl   (a.I.   (13.2.2) :

=oD   =   0.123*hc
=ov  -O.0123*hc
`Irf&ctr  I  JII®o( (=u-a) /zon)
hfactr  -lI®a( (=.-a)/=ov)

*                           al.`iB.  vLnd  .p..a  u=(=u)   (D/.)  D...urca.zLt  h.1.ht  zu  I  2  a:
uz  I  u2

*                             ..rodytindc  r®fll.tazLc.:                                                                              (4.2.25)
*                              ( ...- leo  .qn   (13.2.1))

I.  =  trf.c€r*h£.ccr/ (vockar*votik&r*u= )
*                           ccapar.  .qn  .1v.zl  for  th.  r.I.I.zic®  crop  (for  .td  u2)           (4.2.26)

I.®c  -208./u2
•                           .1r  a.a.1ty:                                                                                                (I.2.4)

rho&1r  -JLIRDEN(p.tn, t.vg)
*                             r®.1etanc.-baa.a  nod.1  tor  .vacs   th.  El.I)zban-HozLt.1th  .qn     (4.2.27)

•tr.I(5)   =   ( (a.1t&*-v.1l  +  rho&1r*cp*vpd.I/ra)/
1                  (a.lta+gezBm* (1.+r./I-) ) ) /htvap
®nd  lf

*
*                            tr]r  to  dupllc.t.  K8tJ  c.lculatlonfi  of  program  PETgtlD.Elks,   from
*                         which  tb.  tollowln.  .q`iatlon.  ver.  t.I.a.    81nc.  e.n &1r
*                           tenp®ratur.  1.  not  lzLclud.d  ln  th.  a.idyl.zrd  output  £11®,
•                        ..tin.t.  t8aa ..  v.1ght.a  av.rag.  of  bin  az)a nA)I.
a            tfavgi  I   32.+(9./5.)*tavg
*                            .8t.  tonp.  -t  8an  ba..a  OZL  a.lly Dln  .nd a.]E  C.Bp'.:
c           t8an  I  O.75*tnln  +  O.25*tnax
c            tf8an  -32.+(9./5.)*t8an
a            .fik.u  -VEIKBU(loo. ,tfavqi)
c            .8en    a  VEIKBU(r.lhi]n,tf8aD)*                         conv.r.loo  factor  frca D/.  to  Dl/a.y:
cccccc          cziimpd  I   24.*(3600./52eo.)/O.3048
*                            vlnd  r`in  (nl/day) :
c           u2npd  I  cz]mpd*u2
c             .tk.u   =   (3.1*(0.837*.t-2.2)   +   (O.262*(1.+O.0061*u2npd))*
c         1                 (..I.u-.8an) ) /4.1
c            .tk.u  =  JLMLX1(0.,.tk.u)
*

data  lalthd/O/
1!   (1opchk.gc.O.or.Lcrac..qit.0)   th.zL

lf   (1althd..q.O)  th.a
lzLlthdil

prLZLt   I (1*,a) .,    '.I.v,I  P,kp&  Tbp,C  u2,n/fl.//
1                 I           rip          r2p        rlrc        r2rc          r2k I / /
1                I      d.lt.     gem-     htvap     ...v® I

®zld   1£
prlzLC    '  (1.I,£6.O,3£6.1,1x,10£8.3)  I,

1                 .I.v,p.Cn, C.v\g,u2, flp, f2p, flrc, £2rc, f2k,
1              a.lea, gama, htv.p ,... vg

®Bd   1£
1f   (1Cr.c..gt.O)   th.a

do   J.I1,5
prlat   .(13,£8.2,1x,.).,   j,.tr.I(J),r.flo-(J)

end  do
prlzLt  110, 'cfcr.£i' ,cfcr.(, I (Prl..tl.y-T&ylor  co.I  r.qd.//

1               '  to natcb  I.mall  r.I  .t)I
prlat  110, '.g= .,..
prlzit  110, I.OJ-I ,.OJ, lug/n^2/d,   d&]pax-I ,da]pa.I
prlzLt  110, [vpd.£I . ,vpd.I, I etJI I , .tJ , 'XT/n^2/d'
prlzlt  110, I .tJ /.OJ = -, radfrc, I a.yfrcl I , dayfrc,' cloudLp...  I.ctor  I-. , I, . .1b.do] I , .lb.do
print  110, ' .D1.. (.) -I , .nlll, .1ul..I . ,1ul..
prlzit  110, I.zLj-I ,|ziJ, .MJ/n^2/a,   rlonqrl' ,rlozig, '»r/n^2/d'
prLZLt   110, I ehfl`i]E= I , .hfl`i)I, 'lIT/D^2/d,   avaLII I ,.v.11, 'm/a

114



Ilo £orDat   (5(1x,&,flo.3))
print  *, 'T.zn.  for  I.|1.tanc.-b...a  .v&poratlozL nod.l! I
print  110, [u=-I ,u=, 'hc-I ,hc
prlzLt   110, . a-I , d, I =cai ' , =ca, I =ovl I , =ov
prlz)t  110, 'utactr-I ,vf.ctr, 'h£.ctr-' ,hfactr
prlLt  Ilo, I I.-I , I., ' ra-. , I., I I..c-. , ralc
prlzic  110, 'rhoalr=. ,rhoalr
prlzit  ilo, I £rcv.t= ' , frcvec

end  lf
return
®zld
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Appendix F.   MODFLOW postprocessing programs
Prograims POSTMOD and MODHYD were written to extract results of interest

from MODFLOW's standard output for further data analysis and display.  POSTMOD
extracts heads or drawdowns for specified time steps of interest.  MODHYD extracts a
tine series of results at an aquifer node (heads or drawdowns) or a stream node
(streamflow, streambed leakage, or stream stage); or a time series of results along a row,
column, or stream as described below.

POSTMOD and MODHYD are both based on FORTRAN' s intrinsic INDEX
character function, used to search for character strings that are part of standard
MODFLOW output and serve as guideposts to locate the desired data.  The MODELOW
manual (MCDonald & Harbaugh,1988) provides details of output format.  Source code
excerpts from MODFLOW were adapted for use in POSTMOD and MODHYD by
changing WRITE statements into READ statements.

POSTMOD with example to extract drawdown arrays
Program POSTMOD (executable file postmod.exe) reads a standard MODELOW

output file to copy arrays of heads or drawdowns (or others listed below if written by
MODFLOW) to separate files for specified time steps.  Heads or drawdowns may be
extracted (i.e. copied to a separate file) for any given tine step and stress period for which
the heads or drawdowns of interest were printed.  Other arrays hsted below are not
printed in MODFLOW's standard output except through use of nonstandard options
added to MODFLOW.

The file extension (shown as "ext" below) depends on the ffle format chosen, with
the following options.  First, the format may be that of a spreadsheet (ext = "srf"), in
which each array element is described by a file record specifying grid coordinates and
array element value (row i, column j, aij).  Second, the format may be a wrapped matrix
format (ext = "dat") as defined in the Utilities chapter of MODFLOW's manual
(MCDonald et al.,  1988).  File name prefroes correspond to the type of extracted array as
follows:

HEADn.ext - heads from stress period n;
DRAwn.ext - drawdowns from stress period n.
THCKn.ext - saturated thickness, stress period n;
VSTGn.ext - volumetric storage, stress period n.
DSDTn.ext - rate of change of storage, stress period n.
CFLon.ext - constant head ceu flow rates, stress period n.
FFLon.ext - front face cell flow rates, stress period n.
RFLon.ext - right face cell flow rates, stress period n.
LFLon.ext - lower face ceu flow rates, stress period n.

As shown in an example below, the program prompts the user to specify the stress
period and layer, whether an array of heads, drawdowns or other array is to be extracted,
and the format in which the array is written, according to the MODFLOW output control
codes.  POSTMOD is normally able to find these control codes from MODFLOW's
output; if not, POSTMOD asks for the format.
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Example: use POSTMOD to extract drawdown arravs.

Run POSTMOD at the DOS prompt with redirected input from file postmod.rsp and
redirected output to file postmod.jou as follows:

postmod <po stmod.rsp >postmod.jou

Redirected input file postmod.rsp is as follows:

corzi9 0 cp . przi
C

y
1'1
h

y
y
a

coatLZLu.  or  .)Elt
•ubec.  valu.  for  dry  zLod..  ok?
•nt®r  Cln®  .t.p,  .tree.  p®rlod  o£  1nt.I..t
•]Etr.cC  h.-a.  or  drandovn.?
[S]urf.r,   tJl]rc-IZLfo,   or   [H]atrlx   (trrapp.a)   £ornat?
•xclud.  I.ro-v&lu.a -rr.y .len.at.?
u..  unit  c.1l  dlb.zi.1on.?
•]ttract  anoth.r  arr.yp

POSTMOD redirected output ffle postmod.jou with queries and responses (in bold):

I.rogran  E>OsneD
E]Etr&ct  h.ad  or  dronodonm  array.  £rcm  roDFrow  ouCpuC  £11..

=nt.I  MODFrow  output  Ill.  aen.   txoDrliow.PEN] :   corn90cp.pro
Opr.-a.v  Gran.1.zic   '60-'84  EWE  R.ttl.|nak.  Cr..k  1/12/96  w/  swat:   6061ew.t.bal

1  I.y.r(.),    47  row.,190  colunnl,      2  |tr.a.  p.rlod.,
H..d  fomac  cod.      2  -   (5x,9914.6)
Dronrdowti  foz"t  cod.       2  =   (5x,9914.6)
Not.a  C.ll-by-c.ll  flov  tom-C  cod.  not  found.
Sc.zL  for  dry  nod.fij  writ.  11.t  to  Ill.  cora90cp.DRY

14  1zi.t-nc..  of  dr]r nod..  .r.  11.t.a  oa  Ill.  corn90cp.DRr
C[ontlziu.  POS"OD]   or  =[*1t]?[C] :   C
D.I.ult  S`ib8tltutlon  v.1u.  I    a.0000000          for  dry  nod...
I.  fiub.tlcut.  dr]r nod.  v.1u.  ok?[T] :  I

2  .tr... p.rlod..
=zit.r  tin.  .t.p,  etr...  p.rlod  (a.qratlv.  no.  to  STOP) :
rind  STRESS  p=RloD     1
Option. a
I-  [H]®ad.
DfLxth   [D] r&rdom.
mt®r  cholc.3   [H]!   H
nput  fomat  I   (5x,9914.6)

11

Output  tom.ts   [S]urf.r  input,   [Jl]rc/1tifo  laput,   [X]atrlx[S] :  8
Ekclud.  z.ro  v.lu..  from  output? [Y] i  Y
U|.  unit  c.1l  din.a.loll.  (row,col  vldthe)?[T] :  I

lay.I tin.tp  .trp.I p.rlod:
1111

EnAD  IN  IAv=R
vrlt.  to  £11®  EnAD1..rf
tJ..  £o"t  (5x,9014.6)
Writ.  ILL.  EB^D1..r£

1  JLT  =ilD  or  TliB  sT=p     1  IN  sTR=gs  p=RloD     1

EEtr.ct  ro`r:
1        2         3        4         5         6        7         8        910111213141516171819   20   2122   23   24   25

26   27   28   29   30   31   32   33   34   35   36   37   38   39   40   41   42   43   44   45   46   47
Jlrr.y  trrltt.zL  to  Ill.  READ1..r£
Ettr.ct  .noth.r  .rr.y?  [T] i  N
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Excerpt from results on file headl .srf, giving (row, column, head) for each record:

7.500
8.500
9.500
10.50
11.50
12 . 50
13.50
14 . 50
15.50
52 . 50

46.50
46.50
46.50
46.50
46.50
46.50
46.50
46.50
46.50
46.50

2365.030
2364.720
2364.190
2363.520
2362.760
2362.000
2361.310
2360.700
2360.240
2235.240

MODHYD with example to extract streamflow time series
Program MODIIYD (exeeutable file modhyd95.exe) reads a standard MODFLOW

output file and extracts (i.e., copies to a separate file) a time series of results for either
individual nodes or for a profile of a row, column or stream  Each element in the time
series corresponds to printed results for a time step in the MODELOW output.

For an aquifer MODHYD win extract either heads or drawdowns, and profiles
may be extracted along either a row or a column.

For a stream MODHYD will extract stage, depth, leakage or aquifer head at a
stream node.  If stream profiles are specified then all the above stream results will
be extracted.

If time series for individual nodes are specified, then up to 20 such series may be
extracted in succession.  They will be written to a file after all have been extracted, such
that columns in the file conespond to nodes, and rows correspond to time steps.  Optional
columns at the left hand side label time step and stress periods.

If profiles (for aquifer rows or columns, or for stream reaches) are specified, then
the file is written as fouows:

do for each tine step:
do for each node along the row, column or stream:

write time, location and corresponding results;
end do
write a blank line to separate profiles for successive time steps (*);

end do.

(*)        The files are written to be imported into a spreadsheet for analysis and plotting.  In
the case of Quattro Pro", the blank line between time steps produces the equivalent of a
raised pen directive between coordinate pairs so that successive profiles may be
superinxposed on a plot.

Example: use MODHYD95 to extract streamflow time series

Stream reaches are designated by (row,column) grid coordinates.
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Run modhyd95 at the DOS prompt with redirected input from file modhyd95.rsp
and redirected output to ffle modhyd95.jou as follows:

modhyd95 <modhyd95.rsp >modhyd95.jou

Redirected input ffle modhyd95.rsp is as follows:

corn9 0 cp . prz)
y
8
a
corzi9 0 cp . hot

HODFI®W  output   £11®  nazb.
ue.  unit  c.ll  dim.a.1oz)I?
extract  h..de,  dr.rdorafi,  or  str.an
write   [S] :8tr®anbed  leakag.  or   [0]   gtr.anflov?
eat.r  the  hydrogiraph  output  fil.  zLane
extract  row,   column,   etr.an  or  polzLt  valuef)?
•nt.r  Ilo.   8.rl..   (Daxl:20,  Dlt)=1)
•nt.r  (row,  col)  for  tim.  I)erl.I  1

serlef'  2
•®rl®e   3

include  tine  Step,   etre88  period  col`imne  on  I.ft?
ruzi  aqialn?

MODHYD95 redirected output ffle modhyd95.jou with queries and responses (in bold):

Elrogram  HODHYI)
EEtract  h.ad  or  drardown  array.  from  Hot)FI.OW  output  fil..

NOTE:   JLrr-ye  nuet  I).  WRJIE.E>=D   (r&th.I  that)  STRIPPE:D) .
(S®.  roDrliow  manual,   Ch.   14,   lIutlllty  Modul..l')

=zit.r  MOI)Flow  output  Ill.  nan.   [roDrLOW.PEN] :   corn90cp.pro
Opr®-d®v  tranel.nt   '60-'84  DWR  Rattl.!ziak.  Cr..I  1/12/96  w/  S`Irat:   6061f)wac.baa

1  lay.r(I),     47  rows,190  column8,       2  etr.gf)  p.rlod8,
H.ad  I oz"t  cod.  a      2  Dr.rdovzi  I orb.t  cod.  =      2
Ue.  uzilt  a.11  dlD.n®lon®   (row,col  trldtzL8)?[Y] :   Y
=][tract  H[®.a.I   D[r.rdorafi]   S[tr.aD]   or  Q[ult] :   [11] :   8

775  STRE"I  roDES    a.tren.         775
Writ.  S[tr.en  flov  lzlto  aqulf.r]
outfDt  -(2(1x,13),1x,llqrll.3)
fnthdg  a   (1x,a6,tlo,11(2x,15,4x))
=nt.I  th.  h]rdrogiraph output  Ill.
E][tract  R[ov] ,   C[olunn]   S[tr.an]
I:nt.r  I)o.   .erl®.   (na]E=20) a   3

l=tLt.r  (row,col)   for  tin.  ..rl.a
I:nt.r  (row,col)   for  tin.  g®rl.I.
I:nt®r  (row,col)   for  tln®  a.rl.a
I)Etract      3  hydrographB :

2        25STRE
3       36ST"
4        45sTEur

or  O[ucflonr  into  r.ach]?   [S] :   a

nan®  corn90cp.hot
or  P[olnt  valu..I?[E.I :   P

1=              2          25
2s             3          36
3s             4         45

lay.r    row   col    .tr   rchlnto  .q`ilf.r   outf low
8   IT=RJLTloN8  roR  TliB  sT=p       1   IN  gTR=SS  pi=RloD     1  wlTH  8IP  Soliv=R
8   IT=R]iTloNs  FOR  TliD  sT=E.       2   IN  gTREss  pmloD     1  wlTH  8Ip  sot,v=R
7   ITI=RATIONS   FOR  TIIB   STEP        3   1»  STRESS   PERIOD     1  WITH   SIP   Sol.V=R

13   ITERATloNs  FOR  TliB  STE:p       4   1»  gTREss  pE:RloD     1  wlm[  slp  sol.v=R
end  o£  Ill.:  .tr.an  reach  led.x  I.II        0  tin.  8t.p        4        4        1
=]Etract.a         4  |®rl..   (in)I..rl      20   )   £ron  corzL90cp.pm
Include  tlDo  .t.p,   etr.8.  p.rlod  colunzi.  ozi  left?   (y/a) [Y] :  Y
Writ.  h]rdrograph  output  Ill.  corzi90cp.hot
AJg&1n? [y]  i   N

Output file com90cp.hot specified by response file modhyd95.rsp is as follows:
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Opr.-a.v  tran81®nt   '60-'84  DWR  Rattl..a.k®  Cr®®k  1/12/96  v/   S`ir.t:   60618w&t.bee

123
234

25                         36                         45
1         1         0.000                 0.000                 a.000
1        2         0.000                 0.000                 0.000
1         3         a.000                 a.000                 a.000
1         4         0.000                 0.000                 0.000
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