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Overall Modeling Flow Chart



Two Major Management Components

Genetic Improvement
• Growth
• Stem quality
• Pest resistance

Silvicultural Inputs
• Thinning
• Competition control
• Fertilizer applications

In the context of varying climatic influences.



Overall Approach

• Build a general model structure that will 
accommodate tree and/or stand inputs

• Incorporate functions for genetic improvement
• Incorporate response to silvicultural treatments
• Incorporate climatic influences



Growth Yield Wood Quality

Disease/Pest 
Resistance

Genetic Improvement to Enhance



Strategy for incorporating genetic improvement 
effects in growth and yield models

1) Assemble data with varying levels of genetic selection (seed source, OP, 
clone) and analyze in a common framework for genetic effects on
a. Height development
b. Diameter development
c. Tree stem quality
d. Disease incidence

2) Incorporate impacts in model components
a. Height growth
b. Diameter growth
c. Mortality estimation
d. Product distributions by size classes



Incorporating response to 
Silvicultural Treatments

Fit general response functions with duration and 
rate parameters to a selected data set for

• Thinning (FMRC regionwide thinning data)
• Competition Control (COMP Project)
• Fertilizer applications (FPC, Regionwide 13)



Evaluate various general response 
functions

• Pienaar and Rheney (1995) For. Sci. 41:629-638
• Snowdon (2002) For. Ecol. and Manage. 163:229-244.
• Liu et al. (1995) For. Sci. 41:43-53.
• Franklin et al. (2009) Ann. For. Sci. 66:815p1-815p11.
• New formulations



Compare results using generalized 
response functions to performance of 
published results for representative 
data sets for thinning, competition 
control, and fertilizer

After initial evaluation, use the 
comprehensive Tier 1 PINEMAP 
data set to further test and calibrate 
response functions



Assume Treatment Effects are Additive

Thinning and Fertilization RW19    

Combined effects of weed control and fertilization reported to be 
additive by Albaugh, et al. 2012. SJAF 36(1):44-53.



Incorporate Climatic Effects in Growth and 
Yield Predictions

Soils Data



Incorporate Climatic Effects in Growth and 
Yield Predictions

Climate Variables



• Cross-check Growth and Yield Predictions 
with Process Model 3PG

• Implement Growth and Yield Module with 
Options for Simulating Future Conditions



Regional Baseline Estimates of Forest Biomass at 
Management Scale Using Landsat

To detect when this…

Shifts to this…

When all you see is this!
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Preparation of Data

• While Landsat images come in every 16 days, 
not all images provide clear land surface 
features
– e.g., clouds may obscure parts or all of multiple 
images

• In order to apply methods relying on long 
histories of data, we need to find a way to fill 
these gaps back in
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Enter Harmonic Regression
• Assumptions

– Any pixel on January 1st is roughly equal to that pixel on 
December 31st in terms of its brightness vector

– Changes from one date to another for that pixel are 
relatively linear with no sudden shifts in direction
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NDVI Time Series for 30m pixel

Month in 2001

N
D

V
I x

 1
00

0

10
0

30
0

50
0

70
0

90
0

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

STARFM Daily
STARFM 8-Day
Raw Landsat
Fourier Fit

18

Harmonic regression approximates seasonal features for 
vegetated pixels as well as STAR‐FM does, with much lighter 
computational costs



• What happens when the assumptions behind harmonic 
regression fail?
– Sudden change in the time series
– Gradual aperiodic element present in the series
– In short, the forest changes or gets disturbed

• “Failed” assumptions in harmonic regression show up 
most clearly in the residuals
– Residuals supposed to be 0 on the average
– Detect when residuals’ average shifts from 0 to detect 
shifts in forest pixels
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Using Regression to Detect Changes



• Exponentially weighted moving average 
(EWMA) charts can detect subtle shifts
– Weights current observation against entire history 
or observations

• Changing the weight parameter adjusts the target shift 
the chart will signal for
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We compared the algorithm’s 
output to aerial images of 
polygons where stand 
harvesting was known to have 
taken place over a timeframe
Disturbances are signaled shortly 
after they occur
There was a clear positive 
association between the output 
and the aerial photos
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The algorithm can detect both increase and 
decrease in vegetation, on varying levels of 
subtlety
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NLCD Canopy Cover 4x Intensity Photo‐based
Sample Locations

105 photo points to estimate
% tree canopy cover for model
development

NLCD % Tree 
Canopy cover



• VCT
– persisting non‐forest
– persisting forest
– disturbed from 0‐10 years ago
– disturbed from 11 to 22 years ago

• Canopy
– 0‐5% canopy cover
– 6‐25%
– 26‐50%
– 51‐75%
– 76‐100% 27

VCT and Canopy Cover Strata
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• Multitemporal clustering using Fourier series 
shows promise to map productivity and as a 
stratification tool for forest growth

• Prior classification of forest area needed
• Larger, potentially multi‐scene, areas will 
enable larger number of clusters when using 
FIA P2 data or PINEMAP Tier 1 data

• Forest / Nonforest (Age)  Growth

Productivity Mapping
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Project Title

• “Effective characterization of fuel load and its 
impact on future fire regimes in managed 
loblolly pine plantations of South‐east USA”



Project objectives

• To quantify canopy and understory fuel load 
characteristics in managed loblolly pine 
plantations using three dimensional light 
detection and ranging (LIDAR) data

• To identify the relations between fuel load and 
management practices, in such plantations

• To estimate future fuel load trajectories, in the 
face of climate change and planned management 
strategies



Mapping fuel loading using LIDAR

• Step1:
– LIDAR data acquired from USGS
– Coverage fair for South‐east US



Mapping fuel loading using LIDAR 
(contd.)

• Step2:
– LIDAR data spatially “joined” with FIA plot location 
information

– Created over 6000 geographically dereferenced plots 
(each encompasses an FIA plot), spanning large area

– These plots have both:
• LIDAR data
• FIA field data

• Step3:
– Establish correlations between these two (ongoing)



WaSSI:  Using a Water Model to Project 
Forest Carbon Sequestration

S. McNulty, G. Sun, P. Caldwell,  E. Cohen, J. Moore Myers

USDA Forest Service

Eastern Forest Environmental Threat Assessment Center

Raleigh, NC



Key Issues for climate change
 Adaptation
Options for increasing water availability

Mitigation
Opportunities to increase carbon 
sequestration

 Tradeoffs between managing for water or 
for carbon



WaSSI Ecosystem Services Model

Water Availability

(Carbon) 
Productivity Biodiversity

WaSSI

(Under development) 



Carbon & Water Relationships

(Law et al., 2002)

Evergreen Conifers Deciduous Broadleaf



Watershed and Land Cover Based

Water
ET=f(PET, PPT, LAI, SM)
Sun et al., Ecohydrology,2011

Qout = Qin + Qgen –WU
Caldwell et al., HESS, 2012

Carbon
NEE=f(ET)
Sun et al., JGR, 2011

8‐digit HUC Watersheds of the U.S.



Water Supply Stress Index (WaSSI)

WaSSI =
Demand
Supply 1981‐2000 WaSSI

Sectors
1. Domestic
2. Industrial
3. Irrigation
4. Thermopower
5. Mining
6. Livestock
7. Public Supply
8. Aquaculture



Continental scale validation (~850 km2)

Caldwell et al., HESS, 2012
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Fine‐scale validation (~0.1 km2)

Mean Annual Bias:  ‐6.6 mm (‐0.7%)
Monthly NSE:  0.75

Watershed 18, Coweeta, NC



Carbon Validation

Sun et al., JGR,2011





How WaSSI can be useful for resource 
management?

 Help answer the “So what?” questions of climate predictions
 What effect might climate change have on magnitude and timing 
of water yield?

 Carbon sequestration?

 Assess sensitivity to management options for climate change 
mitigation and adaptation
 How can forest management mitigate climate change impacts on 
water supply?

 What are the tradeoffs of water management with carbon 
sequestration?

 What is the effect of forest land conversion to other uses on water 
yield and carbon?

 And many others…



Sensitivity of  NEE to a 20% forest 
conversion to shrubland



Mean change in NEE due to climate 
change

NEE positive



Tradeoffs between water and carbon 
due to 20% forest conversion

‐10.0%

‐8.0%

‐6.0%

‐4.0%

‐2.0%

0.0%

2.0%

4.0%

Pe
rc
en

t c
ha

ng
e 
in
 e
co
sy
st
em

 se
rv
ic
e

Carbon Sequestration Surface Water Supply

Northeast Southeast Midwest Great Plains   Northwest   Southwest



www.forestthreats.org/research/tools/WaSSI

WaSSI
Ecosystem
Services
Model

Create Scenario

View Inputs

View Outputs

Map View

Time Series



What is 3-PG? 3-PG?

 3-PG stands for Physiological Processes Predicting 
Growth

 It is a model that uses simple representations of 
physiological processes so that it can be more easily 
parameterized than a standard process model, and 
requires only a limited amount of site and weather 
data to run.



Model Inputs

 Site factors: soil type, maximum and minimum 
available soil water holding capacity, stocking density 
and site fertility rating (0 to 1 index).

 Monthly mean weather data:  Rainfall, max and min 
temperature, solar radiation and frost days.

 Values for physiological parameters of loblolly pine.



Species Physiological Parameters

 Allometric relationships and partitioning
 Canopy structure and processes (SLA, k, alpha)
 Canopy conductance 
 Tree mortality
 Rate and timing of litter fall and root turnover
 Effects of tree age, temperature and frost on 

growth rate
 Ratio of NPP/GPP



Model Outputs (yearly, monthly)

 Biomass (stem, branch, root, foliage)
 DBH
 Stand Volume
 Basal Area
 Live Tree Density
 Mean Annual Increment
 Numerous Biological Components of Stand Growth 

(stand water use, leaf area index, etc.)



Model Modifications

 We have made a number of refinements and 
modifications to optimize it for loblolly pine 
plantations (3-PGlob). 

 PINEMAP researchers are working on how to 
predict the Fertility Index and how to incorporate 
fertilization and competition into the model.   



How well does the model work?

 Comparing Model Output to Growth Measurements



 Comparison of 
predicted and 
observed biomass 
growth (Ws) in 
plantations in GA.

Bryars et al. (2013) Forest 
Ecology and Management 289: 
501-514 .     



ASSESSMENT OF PERFORMANCE

Once the initial parameterization was complete, 3-
PGlob was able to simulate the growth of loblolly 
pine stands reasonably well, using only a limited 
amount of weather and site data.

We are now testing 3-PGlob using PINEMAP Tier I 
datasets across the loblolly pine range.




