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Use of Soils Data in Hydrologic & 
A i M d li

■ Soils are a critical driver in determining the hydrologic/biologic 

Agronomic Modeling
g y g g

response in hydrologic and agronomic models

■ For example, a SWAT model simulation of phosphorus export
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Th ALMANAC M d l B k d

■ ALMANAC: Agricultural Land Management Alternatives

The ALMANAC Model: Background

■ ALMANAC: Agricultural Land Management Alternatives 
with Numerical Assessment Criteria Model

■Developed by the US Department of Agriculture, 
Agricultural Research Service in Temple, Texas g
(approximately 1992)

■ Based upon two predecessor models from Temple, Texas:

 EPIC crop growth model

 CERES maize and CERES wheat models
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Th ALMANAC M d l O i
■ Predicts annual crop yields and biomass

The ALMANAC Model: Overview
■ Predicts annual crop yields and biomass

■ Simulation of environments with multiple plant species accounts for:

 Impacts of weed infestation on crop yields Impacts of weed infestation on crop yields

 Plants compete for light, water, nutrients

 Complex ecosystems, such as forests

■Model basics

 Field scale 

 Physically based

 Daily time step

 Continuous (1 to many years)

5

Continuous (1 to many years)



The ALMANAC Model: Inputs and 
O t t

■Model Outputs

Outputs
■Model Inputs ■Model Outputs

 Crop yield

Plant biomass

■Model Inputs

 Site topography

Weather  Plant biomass

 Water yield (runoff)

 Weather

 Crop/plant species 
characteristics

 Water quality (nutrient 
transport)

characteristics

 Soil conditions

 Soil erosion

 Water balance components 

 Land management practices
 Plant/harvest
 Irrigation

(ET, soil moisture, percolation)

 Soil nutrients (N, P balance)

g
 Fertilization
 Tillage
 Furrows/dikes
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The ALMANAC Model: Recent 
A li ti
■ Impacts of weed competition on corn yield in Kansas

Applications
■ Impacts of weed competition on corn yield in Kansas 

(http://krex.k-state.edu/dspace/bitstream/2097/377/1/ 
DwainRule2007.pdf)

■Modeling harvested forest vegetation development using a 
coupled SWAT/ALMANAC model in Canada 
(http://www.brc.tamus.edu/swat/4thswatconf/docs/session18/
PutzSWAT2007Conf.pdf)PutzSWAT2007Conf.pdf) 

■Natural Resources Defense Council report on the use of■Natural Resources Defense Council report on the use of 
biofuels to end dependence on foreign oil 
(http://www.bio.org/ind/GrowingEnergy.pdf)
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Th ALMANAC M d l I t f P t

■Until recently ALMANAC has been run under a DOS

The ALMANAC Model Interface: Past 

■Until recently,  ALMANAC has been run under a DOS-
based interface

■ The interface accesses the MUUF soils database, which■ The interface accesses the MUUF soils database, which 
was searchable by soil component name
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The ALMANAC Model Interface: 
P t / F t

■We are nearing

Present / Future 

■We are nearing 
completion on the 
development of a 
Windows-based 
interface to the 
ALMANAC modelALMANAC model

■ The interface includes

“Light” GIS functionality Light  GIS functionality 

 Direct integration with 
SSURGO databasesSSURGO databases
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The ALMANAC Model Interface: 
C t l D iConceptual Design

■ The ALMANAC interface links with a 
database that stores information on ALL 
ALMANAC modeling projects.

A ALMANAC j t h lti l■ An ALMANAC project may have multiple 
model run scenarios for a site which vary 
parameters and management strategies. p g g
New management scenarios can be 
created and saved in the database.

■Weather, crop, and tillage information is 
stored in the database and may be edited 
by the userby the user.

■ Any SSURGO soils database may be 
linked to the ALMANAC database to 

10
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The ALMANAC Model Interface: 
A i i N S il D t

■Users must access the NRCS Soil Data Mart and choose the 

Acquiring Necessary Soils Data 

soil survey area of interest to download 

■ Spatial and tabular data is required (must select geographic 
di t t )coordinate system)
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The ALMANAC Model Interface: 
E t ti S il D t f ALMANAC

■ The ALMANAC interface only

Extracting Soils Data for ALMANAC

■ The ALMANAC interface only 
requires the “raw” spatial and 
“tabular” folders. The Access 
database is not used.

■ The interface uses the following 
t bltables:
 Mapunit.txt

 Component txtComponent.txt

 Chorizon.txt

■ The interface assumes (hopes) that■ The interface assumes (hopes) that 
the format of these tables are 
consistent throughout ALL survey 
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areas.



The ALMANAC Model Interface: 
SSURGO B d S il I tSSURGO-Based Soils Inputs

■ ALMANAC extracts the ■ Additional ALMANAC soil■ ALMANAC extracts the 
following parameters from 
SSURGO:

■ Additional ALMANAC soil 
parameters not (commonly) found 
in SSURGO:

Number of Layers

Hydro Group

Albedo

Min Depth to Water Table

Max Depth to Water Table

Organic N Conc
Layer Depth

Bulk Density

Wilting Point

Fi ld C it

Sum of Bases

Calcium Carbonate Conc.

Cation Exchange Capacity
Field Capacity

Sand %

Silt %

Soil pH

Nitrate Conc.

Labile P Conc.

Crop Residue

P Sorption RatioSoil pH

Organic Carbon

Coarse Fraction

Dry Oven Bulk Density

P Sorption Ratio

Organic P Conc.
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Saturated Conductivity



The ALMANAC Model Interface: 
St ti N P j t

■User opens the ALMANAC interface

Starting a New Project

■User opens the ALMANAC interface

■ Specifies project name 

S ifi t t d l■ Specifies county to model

■ Defines the initial crop
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The ALMANAC Model Interface: 
D fi i th Fi ld S il

■ The soils for an ALMANAC 

Defining the Field Soil 

simulation are based upon the 
geographic location of a field 
that the user has specifiedthat the user has specified.

■ The field location can be 
specified in one of two ways:specified in one of two ways:
 Interactively through the map

 Based on latitude and 
longitude 

■ Later on, users have the option 
of changing the soil used in the 
simulation and running it as a 
separate “scenario”
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separate scenario  



The ALMANAC Model Interface: 
D fi i th W th D t I t

■ ALMANAC requires the 

Defining the Weather Data Inputs 

following daily weather inputs: 
precipitation, temperature, 
relative humidity wind speedrelative humidity, wind speed, 
solar radiation

■ ALMANAC can use weather■ ALMANAC can use weather 
time series from the following 
sources:
 Observed daily time series

 Time series from built-in 
th t b dweather generator based on 

monthly statistical data 
(missing data in observed time 
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series also filled in this way)



The ALMANAC Model Interface: 
M dif i SSURGO B d S il I tModifying SSURGO-Based Soils Inputs

■ Soil parameters may be individually changed and saved. Note that 
these changes are made only to the ALMANAC database copy of the 
soils data, not the SSURGO data itself

A diff t il i b h f th SSURGO d t b■ A different soil series may be chosen from the SSURGO database 
and loaded into the ALMANAC simulation (limited by the series 
available in the current survey area)y )
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The ALMANAC Model Interface: 
D fi iti f M t S h d lDefinition of Management Schedules

■Management schedules■Management schedules 
are defined to specify land 
management operations 
applied to the field

■Different management 
h d l ( l tischedules (planting, 

harvest times, fertilization) 
may be defined to evaluate y
the impacts on crop yields 
and water quality
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The ALMANAC Model Interface: 
M ki ALMANAC M d l RMaking ALMANAC Model Runs

■Multiple scenarios based on■Multiple scenarios based on 
different soils may be saved 
and run in ALMANAC

■Results will include average 
annual crop yield and biomass 

d tiproduction
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The ALMANAC Model Interface: 
ALMANAC Si l ti R ltALMANAC Simulation Results

■ Switchgrass was simulated on 10 soils in Lamoille County Vermont■ Switchgrass was simulated on 10 soils in Lamoille County, Vermont

■ Simulation was over a 15 year period

The crop was fertilized■ The crop was fertilized

Soil Biomass (Mg/ha) Eroded Soil Depth (mm)
Adams 4 99 0 1Adams 4.99 0.1
Berkshire 5.58 0.3
Boothbay 6.18 1.1
Colton 4 13 0 1Colton 4.13 0.1
Marlow 5.34 0.7
Peru 5.33 0.7
Potsdam 5 67 0 9Potsdam 5.67 0.9
Salmon 5.6 0.4
Teel 6.36 0.5
Tunbridge 3 64 1 6
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Tunbridge 3.64 1.6



The ALMANAC Model Interface: 
ALMANAC Si l ti R ltALMANAC Simulation Results

■Results from ALMANAC■Results from ALMANAC 
can easily be re-mapped 
back to SSURGO

■ Areas with highest 
potential for switchgrass 
bi d tibiomass production 
occur along the Lamoille 
valley and Route 100 y
from Stowe to Morrisville 
in Vermont
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F t Pl d D t N d

■Modify the interface to perform “batch” runs of many soils at one

Future Plans and Data Needs

■Modify the interface to perform batch  runs of many soils at one 
time. Ideally, this would access a SSURGO database (spatial and 
tabular) that is larger than a single county.

■ Explore the possibility of hooking into the Web Soil Survey from the 
ALMANAC interface to extract soil parameters. 
 Submit lat/lon or mukey or musym to Web Soil Survey

 Web Soil Survey generates .csv file of soil attributes for selected soil 
that is downloaded to userthat is downloaded to user

 ALMANAC extracts necessary parameters from .csv file

Spatial SSURGO data offered as a web mapping service Spatial SSURGO data offered as a web mapping service

■ For many purposes in hydrologic and agronomic modeling, a 
national SSURGO database would be invaluable
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national SSURGO database would be invaluable 
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