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Overview 

Growth 
& Yield 

3PG 
DAPPER 

How are productivity, carbon storage, and water cycling 
going to change over the 21st century? 

Uses individual tree 
measurements for 
parameterization 

CLM-
BGC 

Widely-used, scales leaf 
processes to large-scales;  

coarse resolution with 
global parameterizations 

EMPIRICAL 
(statistical) 

PROCESS 
(physiology,  

biogeochemistry,  
hydrology) 

Hybrid 
(data-driven,  
semi-process) 

Implication of 
change on 
water cycle 

WASSI 

Uses multiple stand biomass 
pools, experiments, flux 
towers, prior knowledge, 
PINEMAP collected data 

EMPIRICAL 



Model 

• GenLob (Gyawali and 
Burkhart, 2015) is a 
stand-level growth and 
yield model 

– Inputs 
• Site Index (SI) 
• Initial Stocking 
• Stand Age 

– Outputs 
• Basal Area 

– Converted into 
Green Weight, 
Volume, and 
Carbon  

• Survival 
• Dominant Height 

 

 
 



Model 

• To obtain SI, we used a 
biophysical SI prediction 
model (Sabatia and 
Burkhart, 2014) 

– Inputs 
• Edaphic 

– Available Soil Water 
– Percent Sand 

• Climactic 
– Total Annual 

Precipitation  
– Growing Season Days 

[Temperature] 
– Summer Dryness 

Index [Temperature & 
Precipitation] 

– Outputs 
• SI 



Model 

• We treated CO2 fertilization 
as a lift to SI via Westfall 
and Amateis (2003) 
 
 

– where IPCC concentration 
trajectories were used as the 
input data 

 
• In practice, we obtained lifted 

SI for a given year on an 
annualized basis: 

∆𝑆𝑆 = ∆𝐶𝐶21.61800 exp −0.06020 𝑆𝑆  

𝑆𝑆𝑙𝑙𝑙𝑙𝑙𝑙, 𝑦𝑦𝑦𝑦 = 𝑆𝑆𝑙𝑙𝑙𝑙𝑙𝑙, 𝑦𝑦𝑦𝑦−1 + ∆𝑆𝑆𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏, 𝑦𝑦𝑦𝑦 



Sources of Variability 

Global Climate Models 
(GCMs) x20 

Climate Scenarios 
(RCPs) x2 

Management Cases x1 Future Time Slices x4 
 2020-2039 
 2040-2059 
 2060-2079 
 2080-2099 

Stand Ages x25 

 1-25 years 

Non-Improved 
“non-intensively managed, 
genetically unimproved stands” 

 
         --Sabatia and Burkhart, 2014 

CO2 Level x2 
(1 per RCP) 

CO2 concentration was treated as uniform across the region 
Soil variables were treated as constant through time 



Data 

• Soils (SSURGO) 
 
 
 
 
 

• Climate (MACA) 
Percent Sand Available Soil Water 

Temperature Precipitation 



Data 
• Primary spatial unit is 12-digit hydrological unit code features 

(HUCs) from the USGS 
– Chosen to facilitate model intercomparison 
– Balances spatial scope with tractability 
– ~18000 HUCs across the PINEMAP region of interest 

• Median size: ~22000 acres 



Soil Data 
(SSURGO) 

Hydrological Units  
(HUCs) 

Climate Data  
(MACA/Idaho) 

Aggregation to HUCs 

Productivity 

Aggregation to HUCs 

SI Biophysical Models GenLob 

Site Index 

Regionalization Process 

CO2 Concentration 



2020-2039 

+100% 

-100% 

+/-0% 



2040-2059 

+100% 

-100% 

+/-0% 



2060-2079 

+100% 

-100% 

+/-0% 



2080-2099 

+100% 

-100% 

+/-0% 



Results 

RCP 8.5  

(business as usual) 

2020-2039 2040-2059 2060-2079 2080-2099 

     Climate Only 
3.5% ± 3.6%  

(30.9% significant) 

7.1% ± 6.3%  

(49.8% significant) 

12.2% ± 9.6%  

(66.3% significant) 

17.9% ± 12.6%  

(76.8% significant) 

     CO2 Only 
7.2% ± 4.7%  

(44.3% significant) 

19.7% ± 8.3%  

(94.4% significant) 

39.7% ± 13.8%  

(98.9% significant) 

65.1% ± 20.1%  

(100.0% significant) 

     Climate + CO2 
14.9% ± 5.7%  

(97.0% significant) 

30.9% ± 10.4%  

(98.4% significant) 

55.2% ± 16.6%  

(99.7% significant) 

84.2% ± 24.2%  

(100.0% significant) 

RCP 4.5  

(peak emissions ca. 2040) 

        

     Climate Only 
3.0% ± 3.4% 

(25.5% significant) 

6.5% ± 5.6%  

(44.2% significant) 

10.0% ± 7.5%  

(62.6% significant) 

12.7% ± 9.4%  

(69.0% significant) 

     CO2 Only 
6.1% ± 4.4%  

(38.7% significant) 

13.2% ± 6.5%  

(81.5% significant) 

19.7% ± 8.4% 

(94.4% significant) 

22.7% ± 9.2%  

(95.7% significant) 

     Climate + CO2 
14.6% ± 5.5%  

(96.3% significant) 

30.6% ± 10.0%  

(98.4% significant) 

52.9% ± 15.6%  

(99.6% significant) 

78.9% ± 22.0%  

(100.0% significant) 



Caveats 

• GenLob runs on an annual time step 
– Insensitive to disturbance conditions 

• Drought, Insects, Fire, Disease (DIFD) 

• Optimal CO2 fertilization presented here require 
sufficient complementary Nitrogen deposition 

• Management practices (silviculture, site 
preparation) and genetic improvements were 
not considered here 
– Baseline runs 

• Other sources of variability 
– Accounted for: Climate, RCP, Age 
– Not accounted for: Parameter, Process, 

Measurement 
 



Conclusion 

• From the empirical, stand-level perspective, loblolly 
productivity receives beneficial effects from warmer, 
wetter climate and additional atmospheric CO2 
 
 

• Further work includes… 
– Publication (Paper currently in preparation) 
– Intercomparison with other PINEMAP models 
– Accounting for additional sources of variability 
– Incorporation of results into the DSS 

 



Thank You! 
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