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Part I:

Uncertainties in carbon simulation

-Gross Primary Productivity (GPP) 



➢Group I: an empirical relationship is used to quantify 
GPP as a function of light use efficiency (LUE) and 
environmental conditions, such as CASA (Potter et al., 
1993), and the MODIS algorithm (Zhao & Running, 2010). 

➢Goup II: models using mechanistic description of the 
photosynthetic biochemical processes occurring at leaf 
level (Farquhar et al., 1980), eg. BEPS. 



eg, LUE model (MODIS) eg, BEPS model

Is GPP distorted using  big-leaf Models? 



•To verify any systematic biases exist with the big-leaf 
LUE modeling approach in generating the spatial and 
temporal distribution patterns of GPP 

•To investigate the underlying reasons for these biases 
using the process-based model (BEPS)

Objective



Methods

LUE model-----the MODIS algorithm

Process-based model----BEPS



BEPS principles

(1) Leaf photosynthesis

(2) Sunlit and shaded LAI stratification

(3) Sunlit and shaded leaf irradiance

(4) Stomatal conductance

(5) Soil moisture scalar

Chen et al., Ju et al., Zhang et al., 1999-2015



Leaf photosynthesis
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Sunlit and shaded LAI stratification

= 2cos (1-exp(-0.5 /cos ))sunL L 

shade sunL  = L - L



Sunlit and shaded leaf irradiance

cos / cossunlit dir shadedS S S = +

,( ) /shaded dif dif underS S S LAI C= − +

0.07 (1.1 0.1 )exp( cos )dirC S LAI =  − −

, exp( 0.5 / cos )dif under difS S LAI = − 

cos 0.537 0.025LAI = +



Stomatal conductance
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Soil moisture scalar

The soil water availaility factor ,w if in layer i is caculated as:
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MODIS GPP algorithm

GPP LUE fPAR PAR=  

max minLUE LUE ( ) ( )f VPD g T=  

fPAR 1 k LAIe− = −
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Continental GPP comparison

 MODIS BEPS

◼MODIS and BEPS agree within 89% for the total annual 

GPP of the continental US.



 

R² = 0.47

Slope = 0.72

(c) MF

R² = 0.70

Slope = 0.80

0 1000 2000 3000

(f) Others

R² = 0.34

Slope = 0.61

(b) BF

R² = 0.74

Slope = 0.79

0 1000 2000 3000

BEPS GPP (g C m -2 yr-1)

(e) Grass

R² = 0.79

Slope = 0.66

0

1000

2000

3000

(a) NF

R² = 0.46

Slope = 0.44
0

1000

2000

3000

0 1000 2000 3000

(d) Crop

M
O

D
IS

 G
P

P
 (

g
 C

 m
-2

y
r-1

)
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◼Underestimations of GPP mainly occur in clumped canopies 

and vice versa.



Continental GPP comparison
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Physiological reasons
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Physiological reasons
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Other reasons: eg., 
Soil nutrient availability (fertilized vs. non-fertilized treatments)
Changes associated with stand development and aging



Physiological reasons
Contribution (%) of shaded leaves Differences (%) of GPPBEPS and GPPMODIS

BEPS MODIS

BEPS

GPP  - GPP
100

GPP


shadedGPP
100

GPP


◼Biases of MODIS GPP are positively correlated with contributions of shaded leaves.

◼The biases would produce considerable distortions in spatio-temporal patterns of GPP.



(1) Build two-leaf MOD17 LUE-GPP model:

(2) Separate different irradiance processing of sunlit and shaded leaves:

Upgrade big-leaf LUE model by two-leaf principles

= 2cos (1-exp(-0.5 /cos ))sunL L 

shade sunL  = L - L

cos / cossunlit dir shadedS S S = +

,( ) /shaded dif dif underS S S LAI C= − +

0.07 (1.1 0.1 )exp( cos )dirC S LAI =  − −

, exp( 0.5 / cos )dif under difS S LAI = − 

cos 0.537 0.025LAI = +
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Part II

Non-disturbance and disturbance 

effects on Carbon sinks and 

sources in forests



Carbon Cycle

A = Photosynthesis
(CO2, N, Temp., etc.)

B =Autotrophic Respiration
(Temp., biomass, etc.)

C = Heterotrophic Respiration
(Temp., C pools, etc.)

NPP = A - B
NEP = NPP - C

NBP=NEP–Fires –Harvest –Insect-induced Mortality

Disturbances



Mechanisms for C sinks

• Disturbance Effects

– Regrowth after disturbance

– C emission caused by fire, harvest and insect

• Non-disturbance Effects 

(growth/respiration enhancement)

– Climate (T, P)

– CO2

– Nitrogen deposition

Schimel et al., 2000; Thornton et al., 2002; Chapin et al., 2002; Houghton et al., 2003; 
Birdsey et al., 2003, 2006; Zaehle et al., 2006; Luyssaert etl., 2010



Questions?

• What are the causes of C sinks and sources, 
disturbance effects and non-disturbance 
effects?  

• What are the contributions to the C sinks from 
different regions?

To attribute the total sink to disturbance 
and non-disturbance factors 



US forests and C sink

• area accounts for 5.9% of the global forests

• thought to be a large sink (10%)

• large uncertainties in the magnitude, spatial 
distribution and causes of the sink

The world forest sink
2.4 ±0.4 Pg C



Rocky Mountain
North region

South region

Young

Old

a b

Change rate during 1901-2010

Units for deposition (g N/m2/yr), T (C/100yr) and P (mm/100yr). 





Ref.     Moore et al., 1981; Houghton et al., 1983, 1987



Age effect



Fig. Measured and simulated NEP values 

at 35 Ameriflux sites (175 site-years). 
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Principles and Methods
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Integrated Terrestrial Ecosystem Carbon Model 
(InTEC)

Stand age: from inventory and disturbance data
Regrowth curves: from inventory for species groups  

Disturbance factors
fire, harvest, insect,

stand age

... ( )
2nondis N,CO ,climate,f =

Net Primary 
Productivity

(NPP)

, ,( )dis age species disurbancesf =

Product C pools

Soil C pools (9)
surface structural detritus, surface 
metabolic detritus, soil structural 
detritus, soil metabolic detritus, 

woody litter, surface microbe, soil 
microbe, slow carbon, and passive

C 
dynamics

Climate variability
CO2 concentration
Nitrogen deposition

Non-disturbance factors

Decomposition

Vegetation C pools (4)
foliage, woody, fine root, and 

coarse root

Harvest



主要过程

（1）土壤碳-氮循环---修改后的Century子模块 (Parton et al., 1987)；

（2）氮的矿化过程，采用Townsend等（1996）的模型；

（3）NPP的时间序列模拟----
Farquhar的叶片生物化学模型+迭代算法（Chen et al., 1999; Chen et al., 20

00a, b）；

（4）土壤水分循环，采用三维的水文模型进行土壤水分和温度的模拟（Ju an
d Chen, 2005）；

（5）年龄效应，采用He等（2011）建立的美国森林NPP-age关系方程；

（6）扰动，包括森林火灾、虫害、收获等对碳库的影响。

Disturbances
(fire, harvest, insects)

Climate variability
Atmospheric changes

(CO2, N deposition)
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NPP-age relationships for US forests
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Harvest



InTEC-D model
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Comparison and validation
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35 US Fluxsites



(1) Temporal series of NEP in needle forests (NF). (a) 56-year old stand in Wind River Crane Site (45.82oN, 121.95oW) ; (b) 97-

year old stand in Howland Forest West Tower Site (45.2oN, 68.7oW); (c)173-year old stand in Niwot Ridge Site (40.03oN, 105.5oW).

(3) Temporal series of NEP in mixed forests (MF). (g)49-year old  stand in Little Prospect Hill(42.54oN, 72.18oW); (h) 64-year old 

stand in Sylvania Wilderness Site (46.2oN, 89.3oW); (i) 67-year old  stand in Fort Dix Site (39.97oN, 74.4oW).

(2) Temporal series of NEP in  broadleaf forests (BF). (d)37-year old stand in Willow Creek Site (45.8oN, 90.1oW); (e)71-year old  

stand in Morgan Monroe State Forest (39.32oN, 86.41oW); 84-year old in UMBS Site (45.6oN, 84.7oW).
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For whole US forests, 1901-2010
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Maps of ecosystem carbon stock change from 1991 to 2010 due to (a) 
overall effect, (b) regrowth, (c) direct carbon emission during 

disturbance, and (d) non-disturbance factors, over conterminous USA
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Future Projections

Three disturbance scenarios:
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