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1st: the ECOLOGICAL SITE

DF site index model/ESD

An ECOLOGICAL SITE (ES) is a 
distinctive kind of land with specific physical 
characteristics that differ from other kinds of 
land in its “ability to produce a distinctive 
kind and amount of vegetation” (NFM)

“Forestland landscapes are divided into 
Ecological Sites for the purpose of 
inventory, evaluation and management. . .”

ESD’s are Ecological Site Descriptions



Background  & Assumptions:
• The NRCS Soil Survey will serve as the base for the 
construction of ESD’s.

• ESD’s will be comprised of groupings 
of soils.

• The groupings will be based on ecological 
and management parameters.

• The NRCS Major Land Resource Areas 
(MLRA) will be the larger geographically 
represented boundary for ESDs.
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What Factors Combine to 
Produce a Unique ES?

Soils are a result of five major 
influences working together….

•Parent Material
•Topography
•Biota (including vegetation)
•Climate
•Time

DF site index model/ESD
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Forest Habitat Types:

•Northern Idaho▪
•Central Idaho ▪
•Eastern Idaho ▪
Habitat Types are a vegetation 
classification TOOL useful for 
conceptualizing and grouping 
Ecological Sites.

DF site index model/ESD
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ESD’s will include:
• ESD name

• site information

• physiographic features

• climatic, water, soil, wildlife, 
etc. features

• plant communities

• site index, productivity, 
management and other 
interpretations

DF site index model/ESD
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Reference State

Reference

Community

HCPC

Community

phase

Community

phase

Community pathway: Time, disturbances, natural mortality, etc.
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Pathway
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ESD review

Site Index Model

DF site index model/ESD



2nd: THE MODEL
• Why did NRCS do this?
• What value will it have?
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A Soil Survey is:
•A systematic examination and 
mapping of soils across the 
landscape,

•A description of different soil 
types,

•An interpretation of the uses 
and limitations of various local 
soils.
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Forest Productivity 
Interpretations include:
Site index value for viable 
commercial species

Yield estimations (shown at 
“Culmination of Mean Annual 
Increment-CMAI” at a specific 
age).  
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Clearwater County 
Revelation: 

NRCS site index data 

and the....

University of Idaho IFTNC 
geospatial project-Mark 
Kimsey

Pseudotsuga menziessi
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Differences: 
• Fixed vs. Continuous 

data analysis

• Regional and local 
variation is captured

• GIS directly captures 
more site variables—
climate, topography, 
etc.
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The NRCS Project Facts: 
• Contract with University of Idaho (IFTNC) to develop the model

• Include the same area as Forest Habitat Types of Northern Idaho

• Geospatially update and house all NRCS data

• Will use Douglas-fir as the comparison species

 Project Monserud as the site index reference

• Will gather as much outside Doug-fir site data as possible

 Involve a multitude of forest partnerships

• Improve the reliability of Doug-fir site index predictions
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Site Index for Doug-fir:
• prior to 1990-Used Meyer

•1990 until present-Cochran

•Present-Monserud

RE‐PROJECT all to MONSERUD

DF site index model/ESD



How NRCS will use the 
model:

• Strengthen soil survey 
interpretations

• To help develop and test NRCS 
Ecological Site Descriptions (ESD)

• Share results with partner 
agencies

• Aid in conservation planning

• Springboard to other forest/soils 
geospatial projects
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Partners and Sources of Point Data

Habitat Types of N. Idaho:
This is the project area 
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DF site index model/ESD
North Idaho Site Index Study Area

! NRCS, IDL, CDT, NPT (n = 1585)
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• Stage Parameters (1976, 2007)
– Elevation
– Elevation2
– Slope
– Slope x Cos(Aspect)
– Slope x Sin(Aspect)
– lnElev x Slope
– lnElev x Slope x 

Cos(Aspect)
– lnElev x Slope x Sin(Aspect)
– Elev2 x Slope
– Elev2 x Slope x Cos(Aspect)
– Elev2 x Slope x Sin(Aspect)

• Parameters shown to be 
correlated with MAI and SI

21

DF site index model/ESD
Topographic factors

Elevation

Aspect

Slope



• Climate factors strongly 
correlated to max SDI
– MTCM(‐)
– ADI (‐)
– FFP (+)
– DD5 (‐)
– SMRSPRPB (+)

22

DF site index model/ESD
Climate factors

ADI

SMRSPRPB Climate 
autocorrelation 
factor reduction

DD5

MTCM

FFP



• Soil Available Water
– Integrates OM, coarse 
fraction, soil texture, soil 
depth to limiting feature 
or 150cm

– Concerned it masks the 
effect of volcanic ash as 
seen in max SDI modeling

– Included ash cap layer 
derived from SSURGO 
and STATSGO data

23

DF site index model/ESD
Soil factors

Volcanic Ash

Available Soil 
Water
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DF site index model/ESD
Stationary or Nonstationary – That is the Question

• Typical regression modeling assumes the 
independent variable effect is constant across 
space

– Is this a valid assumption in biological systems 
designed with inherent phenotypic plasticity?

– Can plasticity be captured using spatial modeling 
techniques that allow the effects of environmental 
variables to vary across space?
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DF site index model/ESD
Testing for Non-Stationarity

• Geographically Weighted 
Regression 
– Prediction surface derived from 

relationships between SI and 
environmental variables

– Stepwise process used to identify 
correlated variables

– A global AND local analysis of variable 
affect on SI

• Final model form:

– Ŷi = ß0(i) + ß1(i)X1(i) + ß2(i)X2(i) + …… + 
ßk(n)Xk(n) + εi

1

2

3

4
5

6
7

8

RP

Global

Local



• Topographic variable
– Ln(Elevation)

• Nonstationary
• Estimate range:  147 (‐,+)
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Results
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• Climate
– Ln(Annual Dryness Index)

• Nonstationary
• Estimate range:  757 (‐,+)
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• Climate
– Ln(Degree Days >5C)

• Stationary
• Estimate:  89

28

DF site index model/ESD
Results
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• Climate
– Ln(Frost Free Period)

• Nonstationary
• Estimate Range:  260 (‐,+)

29

DF site index model/ESD
Results
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• Climate
– Ln(Mean Temp Coldest Month)

• Nonstationary
• Estimate Range:  99 (‐,+)

30

DF site index model/ESD
Results
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• Preliminary GWR Model
– Elevation, climate driven

– Aspect/slope and their interaction 
with elevation NS

– Wo/climate variables, aspect/slope 
terms slightly significant (~+/‐2 feet)

– ASW input needs to be refined to  
better capture the ash cap effect

– Model R2 ~ 0.4

– Douglas‐fir is plastic ‐More data?
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Douglas-fir SI
59 – 65

65 – 69

69 – 74

74 – 78

78 – 82
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• If climate is the main driver
– Include fuzzed FIA data points

– Local GWR radius search is considerably larger 
than 1km climate grids

– Plot elevation, slope, aspect observed

– Issue will be soil/geology correlation

• Work with NRCS to refine soil inputs

• Invite other partners to enhance end product

• Final product out by June 30, 2014
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! FIA (n = 1076)

! NRCS & Partners (n = 1585)



The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs and activities on the basis of race, color, national 
origin, age, disability, and where applicable, sex, marital status, familial status, parental status, religion, sexual orientation, genetic 
information, political beliefs, reprisal, or because all or part of an individual's income is derived from any public assistance
program. (Not all prohibited bases apply to all programs.) Persons with disabilities who require alternative means for 
communication of program information (Braille, large print, audiotape, etc.) should contact USDA's TARGET Center at 202‐720‐2600
(voice and TDD).

To file a complaint of discrimination write to USDA, Director, Office of Civil Rights, 1400 Independence Avenue, S.W., Washington, 
D.C. 20250‐9410 or call 800‐795‐3272 (voice) or 202‐720‐6382 (TDD). USDA is an equal opportunity provider and employer.
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