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ABSTRACT

Knisel, W.G., and F.M. Davis.  GLEAMS:  Groundwater Loading Effects of Agricultural Management Systems.
Version 3.0, Publication No. SEWRL-WGK/FMD-050199, revised 081500. 191 pp.

The publication is a user manual describing the input parameters for GLEAMS.  GLEAMS is Y2K
compliant, has an extended pesticide data base, and contains a two-compartment pesticide degradation component.
The maximum number of pesticides that can be simulated simultaneously has been increased to 366.  Parameter
editors are available for user convenience in developing and editing parameter files.  The model is available for
P/C users with Windows95, Windows98, and Windows NT.  Fortran source code is supplied, but the large arrays
require compilers such as Microsoft Developer Studio or OS2.  The executable code will not operate on DOS-
based P/C’s.

Keywords: hydrology, erosion, sediment transport, plant nutrients, nutrient cycling, pesticide transport,
agricultural management, mathematical model, non-point source pollution.
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PREFACE

This publication represents not only the efforts of the present authors, but the combined efforts of those
scientists and programmers contributing to the CREAMS model and earlier versions of GLEAMS.  Some of the
improvements and modifications have evolved in time through technology transfer and users’ requests to make
the model more comprehensive.  Separate parameter files and output for the four model components have been
maintained for maximum user consideration.  Chemists with agri-chemical companies are not interested in the
plant nutrient component, for example, and some environmental concerns may not be interested in pesticides but
are concerned with nitrate leaching.  These capabilities are recognized and appropriate model structure is
maintained.

Parameter editors have been developed for each of the four components to aid users in preparation and editing
parameter files.  They are extremely helpful in establishing proper card sequences dependent upon options selected
by the user.  

Since GLEAMS is a continuum, previous publications documenting the model concepts are equally as
important for this version as for earlier versions.  Those important publications are referenced in this manual, and
should be available to users from libraries or the authors.  Some are out of print and some are available as
computer files that can be printed.

The original GLEAMS version 3.0 and earlier versions of the model did not adequately consider applications
for forest management systems.  In this revision (081500), more consideration was given to forest applications
as a result of the need of a European user in Poland as well as a user in the St. John’s River Water Management
District in Florida.  Although the applicability is far from comprehensive, it is much more considerate to forest
systems than before revision.

08/15/00

Walter G. Knisel Frank M. Davis



ii

ACKNOWLEDGEMENTS

Several people facilitated and contributed to GLEAMS version 3.0, either directly or indirectly.  It is
impossible to recognize all of them individually, and many of those are model users who shared experiences,
concerns, and data.  Those who contributed directly, from CREAMS through GLEAMS have been recognized
as contributing authors or in acknowledgments of previously published papers, nationally and internationally.
Without their efforts, this version would be possible, and their contributions are acknowledged here.

Three groups are recognized for their support and funding: the USDA-Agricultural Research Service, the
USDA-Natural Resources Conservation Service, and the University of Georgia, Biological & Agricultural
Engineering Department.  Other agencies and universities, domestic and foreign, have made contributions as well.

The original “CREAMS Team” is acknowledged for their dedicated efforts in model development.  Those
and others who contributed to GLEAMS are also recognized here.  The best model in the world would be nothing
without users, and the dedicated efforts of many specialists in the USDA-NRCS lead to the present model.

A primary reason for the development of this version was to make GLEAMS Y2K compliant.  Since
GLEAMS  is a part of the USDA-NRCS repertoire of operational models, it was that agency’s request that
emphasized the need for update.  Their considerations collectively, as primary users, are recognized.

Dr. Dave Bosch, hydraulic engineer and acting research leader Dr. Bob Hubbard, USDA-ARS-SEWRL are
recognized for their support in development and implementation of GLEAMS version 3.0.  Their tolerance of
a retiree working with their computer specialist was helpful in the project.

Dr. Dan Thomas, research leader, UGA-CPES-Biological & Agricultural Engineering Department, Tifton,
is acknowledged for making facilities and equipment available.  Also Jeffrey Durrence of that department is
recognized for scanning documents to include in the user manual.



iii

TABLE OF CONTENTS

Preface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   i
Acknowledgements. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ii

User Manual

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   1
Y2K Compliance. . . . . . . . . . . . . . . . . . . . . . . . . . . .   1
Increased Number of Pesticides to Simulate Simultaneously . . . . . .   2
Two-Compartment Pesticide Degradation Component . . . . . . . . . . .   2
Increased Pesticide Database in the Pesticide Parameter Editor. . . .   2
Removal of Biomass in the Top 1-cm Soil with Sod Harvest. . . . . . .   2
Reduced Rainfall Energy in Northern and Southern Latitudes. . . . . .   2
Input Solar Radiation in Metric Units . . . . . . . . . . . . . . . .   3

References. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   3
Implementation of GLEAMS Model Version 3.0 on a Micro-Computer . . . . .   4

Filename Utility Commands . . . . . . . . . . . . . . . . . . . . . .   5
Sample BASIC Programs . . . . . . . . . . . . . . . . . . . . . . . .   6
Diagnostics . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   6

User Guide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   8
Climate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   9

Precipitation . . . . . . . . . . . . . . . . . . . . . . . . . . . .   9
Temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10
Solar Radiation, Wind Movement, and Dew Point Temperature . . . . . .  11

Hydrology Parameters . . . . . . . . . . . . . . . . . . . . . . . . . .  12
Hydrology Parameter Description. . . . . . . . . . . . . . . . . . . . .  21

Model Options . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21
Beginning Date of Simulation--HBDATE . . . . . . . . . . . . . . .  21
Hydrology Output Options . . . . . . . . . . . . . . . . . . . . .  21
Model Component Options--FLGNUT, FLGPST, FLGGEN, FLGPEN. . . . . .  21

FLGNUT, FLGPST. . . . . . . . . . . . . . . . . . . . . . . . .  21
FLGGEN . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21
FLGMET . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22
FLGTMP . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22
Designation fo Special Output File--BCKEND . . . . . . . . . . .  22
GLEAMS Forest Option--FOREST . . . . . . . . . . . . . . . . . .  22
Selected Variable Output--IBACK. . . . . . . . . . . . . . . . .  23

Initial Parameters. . . . . . . . . . . . . . . . . . . . . . . . .  23
Drainage Area--DAREA . . . . . . . . . . . . . . . . . . . . . .  23
Saturated Conductivity--RC and SATK. . . . . . . . . . . . . . .  23
Initial Soil Water Content--BST. . . . . . . . . . . . . . . . .  24
Evaporation Constant--CONA . . . . . . . . . . . . . . . . . . .  24
Soil Conservation Service Curve Number--CN2. . . . . . . . . . .  25
Hydraulic Slope--CHS . . . . . . . . . . . . . . . . . . . . . .  26
Watershed Length Width Ratio--WLW. . . . . . . . . . . . . . . .  26
Effective Rooting Depth--RD. . . . . . . . . . . . . . . . . . .  27
Mean Sea Level Elevation and Latitude--ELEV, LAT . . . . . . . .  28
Soil Classification and Characteristics--Horizon Description . .  29
Soil Physical Properties--POR, FC, WP, OM, CLAY, SILT. . . . . .  29
Soil Chemical Properties--PH, BSAT, CACO3. . . . . . . . . . . .  31
Climatic Data--Temperature, Radiation, Wind Movement . . . . . .  32

Updateable Parameters . . . . . . . . . . . . . . . . . . . . . . .  32
Rotation Cycles: HBYR, HEYR, IROT, NYRFOR . . . . . . . . . . .  32
Crop and Management Data--ICROP, DPLANT, DHRVST, DTRUNC,

CCRD, CRPHTX . . . . . . . . . . . . . . . . . . . . . . . . .  33
Hardwood Forest and Perennial Crop Growing Season--

BEGGRO, ENDGRO. . . . . . . . . . . . . . . . . . . . . . . .  35

Irrigation Management Data--IROPT, DBIRR, DEIRR, DPREIR,
PREIRR, BASEI, TOPI. . . . . . . . . . . . . . . . . . . . . .  35

Leaf Area Index and Crop Height--LAI, CROPHT. . . . . . . . . .  36



iv

Updating Temperature, Radiation, Wind Movement, and Dew Point
Temperature Data. . . . . . . . . . . . . . . . . . . . . . .  39

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  40
Tables

H-1.  Variables available for user-selected output. . . . . . . . .  41
H-2.  Ranges of saturated conductivity by hydrologic soil group . .  46
H-3.  Mean physical properties of soils by textural classification.  46
H-4.  Runoff curve numbers for hydrologic soil cover compleses. . .  47
H-5.  Average fractions of primary soil particles by texture. . . .  48
H-6.  Locations for climatilogical data in the parameter editor . .  49
H-7.  Idealized leaf area index data for representative crops . . .  60

Figures
H-1.  Soil textural triangle . . . . . . . . . . . . . . . . . . . 62

Erosion/Sediment Yield Parameters. . . . . . . . . . . . . . . . . . . . . 63
Erosion Parameter Description. . . . . . . . . . . . . . . . . . . . . . . 70

Initial General Parameters. . . . . . . . . . . . . . . . . . . . . . . 70
BYEAR and EYEAR. . . . . . . . . . . . . . . . . . . . . . . . . . . 70
Designating Erosion Component Output--EROOUT . . . . . . . . . . . . 70
Flow Sequence--FLGSEQ. . . . . . . . . . . . . . . . . . . . . . . . 71
Metrication--FLGMET. . . . . . . . . . . . . . . . . . . . . . . . . 72
Specific Surface Area for Clay--SSCLY. . . . . . . . . . . . . . . . 72
Description of Overland Flow Area. . . . . . . . . . . . . . . . . . 73

Profile and Soil Erodibility . . . . . . . . . . . . . . . . . . 73
Initial Channel Parameters. . . . . . . . . . . . . . . . . . . . . 76

Field Channel. . . . . . . . . . . . . . . . . . . . . . . . . . 76
Number of Channel Slope Segments . . . . . . . . . . . . . . . 76
Outlet Control . . . . . . . . . . . . . . . . . . . . . . . . 76
Channel Outlet Control:  Rating Coefficient and Exponent . . . 77
Drainage Area of the Channel at the Lower End . . . . . . . . . 77
Drainage Area of the Channel at the Upper End . . . . . . . . . 77
Field Channel Sideslope. . . . . . . . . . . . . . . . . . . . 77
Field Channel Distance and Slope . . . . . . . . . . . . . . . 78

Outlet Control Channel. . . . . . . . . . . . . . . . . . . . . . 78
CTLZ. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
CTLN. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
CTLSL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78

Pond (Impoundment) Element. . . . . . . . . . . . . . . . . . . . 79
Control. . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
Impoundment Characteristics . . . . . . . . . . . . . . . . . . 79
Drainage Area. . . . . . . . . . . . . . . . . . . . . . . . . 79
Intake . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
Pond Storage Relations . . . . . . . . . . . . . . . . . . . . 80
Diameter of the Orifice in the Pipe Outlet. . . . . . . . . . 80
Orifice Coefficient. . . . . . . . . . . . . . . . . . . . . . 80

Updateable Parameters. . . . . . . . . . . . . . . . . . . . . . . . 81
Years in Rotation Cycle . . . . . . . . . . . . . . . . . . . . . 81
Dates of Parameter Changes . . . . . . . . . . . . . . . . . . . 81

Overland Flow . . . . . . . . . . . . . . . . . . . . . . . . . 82
Segments for Different Updatable Parameters . . . . . . . . . 82
Soil Loss Ratio . . . . . . . . . . . . . . . . . . . . . . . 82
Management Practice Factor. . . . . . . . . . . . . . . . . . 83
Hydraulic Roughness . . . . . . . . . . . . . . . . . . . . . 84

Concentrated Flow. . . . . . . . . . . . . . . . . . . . . . . 84
Channel Segment Differentiation . . . . . . . . . . . . . . . 84
Channel Hydraulic Roughness . . . . . . . . . . . . . . . . . 85
Depth to NonErodible Layer. . . . . . . . . . . . . . . . . . 85
Channel Top Width . . . . . . . . . . . . . . . . . . . . . . 86

References. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
Figures

E-1.  Soil erodibility nomograph . . . . . . . . . . . . . . . . . . 88
Tables

E-1.  Texture, structure, and permeability factors for estimating
   erodibility by textural classification . . . . . . . . . . . . 89
E-2.  Field channel outlet-control conditions and codes, CTLO. . . . 90



v

E-3.  Manning's "n", CTLN, and NCHAN for channel flow. . . . . . . . 91
E-4.  Contour factor values, PFACT . . . . . . . . . . . . . . . . . 92
E-5.  Manning's "n" values for overland flow, NFACT. . . . . . . . . 93
E-6.  Ratio of soil loss for cropland, CFACT . . . . . . . . . . . . 94
E-7.  Soil loss ratios for cotton. . . . . . . . . . . . . . . . . . 97
E-8.  Soil loss ratios for conditions not covered in E-6 . . . . . . 97
E-9.  Soil loss ratios for cropstage 4 when stalks are chopped . . . 98
E-10. Factors to credit residual effects of turned sod . . . . . . . 98

Pesticide Parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
Pesticide Parameter Description. . . . . . . . . . . . . . . . . . . . . .104

Initial Parameters. . . . . . . . . . . . . . . . . . . . . . . . . . .104
PBDATE, PEDATE, IROT . . . . . . . . . . . . . . . . . . . . . . . .104
NPEST, PSTOUT, IC2FLG. . . . . . . . . . . . . . . . . . . . . . . .104
NOPEST, PSTNAM, METAB. . . . . . . . . . . . . . . . . . . . . . . .105
H2OSOL, KOC. . . . . . . . . . . . . . . . . . . . . . . . . . . . .105
SOLLIF, RESDUE . . . . . . . . . . . . . . . . . . . . . . . . . . .107
CI, CM. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .108
FOLRES, HAFLIF, WSHFRC . . . . . . . . . . . . . . . . . . . . . . .108
COFTRN, COFUP. . . . . . . . . . . . . . . . . . . . . . . . . . . .109

Updatable Parameters. . . . . . . . . . . . . . . . . . . . . . . . . .110
PDATE, IPST. . . . . . . . . . . . . . . . . . . . . . . . . . . . .111
APRATE, FOLFRC, SOLFRC . . . . . . . . . . . . . . . . . . . . . . .111
METH, DEPINC, CHMWAT . . . . . . . . . . . . . . . . . . . . . . . .111

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .113
Tables

P-1.  Characteristics of pesticides sorted by trade name. . . . . . . .114
P-2.  Characteristics of pesticides sorted by common name . . . . . . .122

Plant Nutrient Parameters. . . . . . . . . . . . . . . . . . . . . . . . .130
Nutrient Parameters Description. . . . . . . . . . . . . . . . . . . . . .137

Initial Codes . . . . . . . . . . . . . . . . . . . . . . . . . . . . .137
NBYR, NEYR, FLGROT . . . . . . . . . . . . . . . . . . . . . . . . .137
NUTOUT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .138
FLGBAL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .138

Initial Parameters. . . . . . . . . . . . . . . . . . . . . . . . . . .138
Surface Residue--RESDW . . . . . . . . . . . . . . . . . . . . . . .138
Rainfall Nitrogen, Irrigation N and P--RCN, CNI, CPI . . . . . . . .139

Initialization of Nitrogen and Phosphorus Pools . . . . . . . . . . . .139
Nitrogen Parameters--TN, CNIT, POTMN, ORGNW. . . . . . . . . . . . .140
Phosphorus Parameters--TP, CLAB, ORGPW . . . . . . . . . . . . . . .141

Updatable Parameters. . . . . . . . . . . . . . . . . . . . . . . . . .144
PDATE  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .144
Fertilizer and Animal Waste Applications and Tillage Operations. . .145
Crop Harvest . . . . . . . . . . . . . . . . . . . . . . . . . . . .145
Crop Characteristics--LEG, PY, DMY, CNR, RNP, C1, C2, PERNNL . . . .146
Fertilizer Application. . . . . . . . . . . . . . . . . . . . . . .149
Inorganic Fertilizer Specification . . . . . . . . . . . . . . . . .150
Animal Waste Application and Composition . . . . . . . . . . . . . .150
Tillage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .151

Parameter Editor . . . . . . . . . . . . . . . . . . . . . . . . . . . . .152
References. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .153

Figures
N-1.  Nitrogen contributions from rainfall in the USA. . . . . . . . . .155

Tables
N-1.  Mineralizable N, total N, and organic carbon in surface
      soils by soil order. . . . . . . . . . . . . . . . . . . . . . . .156
N-2.  Crop characteristics in GLEAMS data base . . . . . . . . . . . . .157
N-3.  Animal waste composition for GLEAMS model data base. . . . . . . .160
N-4.  Nitrate, ammonia, and phosphorus content of fertilizers. . . . . .161
N-5.  Tillage implement code and characteristics in data base. . . . . .161
N-6.  Daily production and composition of fresh manure . . . . . . . . .162



vi

N-7.  Aninal waste with bedding or litter and storage. . . . . . . . . .163
N-8.  Animal waste composition of slurry . . . . . . . . . . . . . . . .164
N-9.  Composition of manure lagoon influent. . . . . . . . . . . . . . .164
N-10. Characteristics of animal waste and municipal sludge . . . . . . .164
N-11. Manure composition . . . . . . . . . . . . . . . . . . . . . . . .165

Appendix Tables. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .167
A-1.   Julian calendar. . . . . . . . . . . . . . . . . . . . . . . . . . .168
A-2.   Common conversion factors . . . . . . . . . . . . . . . . . . . . .169
A-3.   Sample hydrology parameter file, alfalfa hay, 4 cuttings/year . . .170
A-4.   Sample hydrology parameter file, multicrop with selected output . .171
A-5.   Sample hydrology parameter file, 5-year rotation. . . . . . . . . .172
A-6.   Sample hydrology parameter file, mixed pine-hardwood forest . . . .173
A-7.   Sample hydrology parameter file, pine forest planting . . . . . . .174
A-8.   Sample hydrology parameter file, pine forest harvested. . . . . . .176
A-9.   Sample hydrology parameter file, hay-hay-graze, w/LAI . . . . . . .177
A-10.  Sample hydrology parameter file, corn-soybeans with winter rye. . .178
A-11.  Sample erosion parameter file, overland flow (filter strip) . . . .179
A-12.  Sample erosion parameter file, overland-channel . . . . . . . . . .180
A-13.  Sample erosion parameter file, overland-channel-channel . . . . . .181
A-14.  Sample erosion parameter file, overland-pond. . . . . . . . . . . .182
A-15.  Sample erosion parameter file, overland-channel-channel-pond. . . .183
A-16.  Sample erosion parameter file, forest from transplant. . . . . . .184
A-17.  Sample pesticide parameter file, nematicide with 2 metabolites. . .185
A-18.  Sample pesticide parameter file, two herbicides in 5-yr rotation. .186
A-19.  Sample nutrient parameter file, broiler litter on grass . . . . . .187
A-20.  Sample nutrient parameter file, fertilizer and animal waste . . . .188
A-21.  Sample nutrient parameter file, mature forest, no harvest. . . . .189
A-22.  Sample nutrient parameter file, pine forest transplanting. . . . .190
A-23.  Sample nutrient parameter file, pine forest harvested. . . . . . .191


