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INTRODUCTION

• Global terrestrial Eco. Sequestered 30% (24% by oceans) of 00-06 
anthropogenic C emission, FOREST in particular, 73% of the world’s soil C and 
77% of plant C;

• Qualifying nations report GHG emissions/sinks annually under UNFCCC  One 
method is (time2 – time1) / length of the period. Spatial identification of C 
sinks/sources can provide insight info for linking changes with current 
manage/policy and suggest place-based mitigation option for climate change.

• GHG estimation began in 1990 and data available for examining disturbance  
effects are limited. Available land-use/cover change statistics are net, not gross 
so different C dynamics following Aff/Def cannot be considered; C released 
during harv. but also stored in wood products/landfills; wildfire emission data 
are rudimentary.  Inventory-based approach cannot identify areas of 
disturbances while land-cover approach is limited in C estimation.  This study 
combined RS/inventory methods to estimate C change after incorporating 
disturbances from Harv. and fires at the national level. 

• Overall GOAL is to estimate the effects of major forest disturbances and net 
growth on C sequestration in the conterminous United States, in context of the 
terminology and needs for reporting to the UNFCCC for national GHG 
inventories. 



• DATASETS AND ANALYSES 

• 3 regions: N, S, and W based on similar histories of forestland use for regional 
comparison and analyses (Fig. 1). 

• Datasets: 1 NLCD 1992-2001 Retrofit Change Map, 2) Harvest/In use/Landfills, 3) 
Growth Rate Tables (GRT, Smith et al 2006), and 4) F data at the state level from the 
MTBS (Table 1) -- a) UN-L (7%) b) L (20%), c) M (40%), d) H (60%). 

• Fire emissioni = Area burnedi * Carbon density * Proportion emittedi [1]

• ABG C pools:  live tree, understory, standing & down dead tree, and forest floor.
County-level results summarized to S/R/N for analyses.  (C gains through aff. Frf. and C 
loss from def. -- 0.8). 

• No soilC due to harvests and fires.  SoilC are calculated when F-Ag or vice versa.  For 
Aff. Go to Smith’s tables, and for Def.  Using a factor of 0.25 to 1-m soil depth because 
a) highest SoilC emissions in 1st a few year; and b)  the factor is comparable.  

• Evaluating Area/C changes in relative term (percentage) 

• Percent change = (• • • factor / ForestAreanoeffect) x 100              [2]

• CNet = CFrf + CAff + CDef + CHarvest + CUse+Fills + CFire [3]
Emissions are negative values, so Def., Harv., and fire caused estimates are negative.

• Comparison of our forest area estimation with FIA-based GHG inventory data in both 
1992 and 2001 using regression method.  Comparing our C estimation with FIA-based 
C estimation in 2001 to evaluate the difference.







RESULTS
• Forest Area Changes: In 9 yrs, 34800 - 93200 = -58 400 km2 ( -2.9%, or 

0.3%/yr) ranging from -1.1% in N to -5.4% in S by REGION (Table 2) and by 
STATE from -8.5% in LA to a 1.8% in KS. 3.1% of  land experienced LCC and 
53.3% was forest related.

• Forest C Changes: The nation sequestered 1.6 ± 0.1 Pg C in 9 yrs (or 0.18 Pg 
C/yr).  2/3 (1.1 Pg) in W while -0.06 Pg C in S. US (Fig. 1).  LA’s forests is the 
strongest Csource (-1.82 Mg C/ha/yr) WA Csink (3.95 Mg C/ha/yr) (Table 4).  For 
total net C, OR (34 Tg C/yr) whereas GA was the largest Csource (-6 Tg C/yr) 
during the period (Table 3).

• Disturbances: Distu. reduced C sink by 36% compared to without… (Table 2), 
varying from 23% in W to 51% in S.  63% (Harv), 33% (LCC, Aff – Def), and 4%
(Fire) (Table 5).   Forest Harvesting accounted for 70% of all C loss in S, 
compared to only 42% in W.  15% of C losses were attributed to fires in W, more 
than triple of the nation’s average (Table 5).

• Comparison with FIA: 1) For C: 7% 5.3% (U.S.), 4.7 ± 4.5% (W), and 8.4 ±
5.0% (S) 2001 as example (Fig. 2); and 2) For Area: Good correlations were 
observed although large differences exist (r >0.82 for both 92 and 01). r = 0.95 
without TX (Fig. 3c).  18.4 ± 14.9% in 2001 after area weighting (Table 6). RS < 
FIA, especially Farea > 40 - 50 000 km2.  The states with errors > 30% were 
caused by more wetland or large proportion of rangeland (Table 6). 



Figure 1.  Annual rate of forest carbon sequestration over the period of 1992 and 
2001 per unit forestland in the conterminous U.S. by state after incorporating major 
disturbances (land cover change, harvests, and fires).  Negative numbers indicate a 
carbon source and positive numbers suggest a carbon sink.









Fig. 2. Net carbon flux is the annual mean of the 9-year period (Tg C/yr).  Annual 
mean pre-disturbance C flux excludes disturbances from deforestation, harvests, 
and fires.  “-” = C source and “+” = carbon sinks.  Carbon and area differences 
(%) are comparisons between our estimates and the estimates from the FIA 
(Reference numbers).  Error bars = one standard deviation (%). 





• Fig. 3.







DISCUSSION

• Our estimation (0.180 Pg C/yr) is within the range of previously reported 
estimates (0.079 - 0.35 Pg C/yr with varying methods RS/Invent./model.).  
Schimel et al (2000) estimated 0.1 Pg C/yr (80-93) caused by climate 
change, suggesting other processes like forest growth must cause a sink 
of about 0.2 Pg C/yr (given a total of 0.3 Pg C/yr).

• Uncertainty sources: First is from forest area identification caused by 1) 
mapping accuracy limits (80% in 92 and 85% in 01 at Anderson I); and 2 
definitional differences between RS and Inventory methods.

• Second double counting between LCC and harvest may exist – 2 
examples.  Non-spatial harv. data make the spatial identification be 
difficult and this deserves more studies.

• Third Fire effects are likely underestimated because of limitations in 1) 
minimum mapping unit (202 ha in E U.S. and 404 ha in W U.S.); and 2) 
prescribed fires on private land holdings were not included and these can 
be common in the South.



• CONCLUSIONS

• Despite these uncertainties, our results are unique and informative 
from the following perspectives: 

• 1) This study analyzes and documents the roles of growth, 
disturbances and land cover change across the U.S.., highlighting 
regional differences that are important both for ecological 
interpretation and policy implications.

• 2) We identify forest change status (e.g., NonF-For, For - NonF) to 
improve C change estimation at the national level, which is 
information needed for US GHG reporting to the UNFCCC; 

• 3) Our methodology, combining RS-based product with Inventory 
data, can provide relatively consistent and comparable results on 
large-scale C estimation. RS-based approach and are especially  
useful for forest C studies, especially in remote areas and 
developing countries where inventory data are lacking, given the fact 
that periodical global land-cover maps at a 5-year interval are 
planned at fine and moderate resolutions (between 10m and 30m).
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