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AbstractAbstract
We have developed an approach for regional assessment and monitoring of land-atmosphere 
carbon dioxide (CO2) exchange (NEE) and soil heterotrophic respiration (Rh) for boreal forest 
and arctic tundra biomes using synergistic satellite remote sensing information from MODIS 
and AMSR-E. We use C- and X- band brightness temperatures from AMSR-E to extract surface 
wetness and temperature, and MODIS land cover, Leaf Area Index (LAI) and Gross Primary 
Production (GPP) information to represent vegetation structure and productivity. Calibration 
and validation activities involve comparisons between satellite remote sensing data and 
boreal-arctic CO2 eddy flux tower and biophysical measurement networks and hydro-
ecological process model simulations. We analyze spatial and temporal anomalies and 
environmental drivers of NEE at daily, weekly and annual time steps. We find strong linear 
correspondence between AMSR-E surface emissivities and surface temperatures at 6.9 and 
36.5 GHz horizontal and vertical polarizations. Preliminary results indicate that the 36.5 GHz 
channel yields better surface temperature performance, while 6.9 GHZ channel yields 
unambiguous identification of RFI. We integrated existing satellite–based measurements of 
vegetation structure (LAI) and productivity (GPP) from MODIS with AMSR-E derived land 
surface temperature and moisture fields within a simple physically based carbon algorithm to 
derive spatially explicit estimates of Rh and NEE for the pan-arctic basin and Alaska at daily, 
weekly and annual intervals. We compared satellite data derived NEE with site based 
measurements and BIOME-BGC process model simulations at boreal and Arctic CO2 eddy-
flux tower sites. These results show generally good agreement between satellite based results 
and site network measurements and ecosystem process model simulations of Rh and NEE 
spatial and temporal dynamics. While the satellite based results capture regional patterns in 
Rh and NEE, our ability to represent sub-grid scale surface heterogeneity is limited by the 
coarse (25-60km) spatial resolution of the AMSR-E footprint. Our results also indicate that 
carbon cycle response to climate change is non-linear and strongly coupled to arctic surface 
hydrology. 
This work was performed at The University of Montana and Jet Propulsion Laboratory, 
California Institute of Technology, under contract with the National Aeronautics and Space 
Administration.
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Synergistic information from MODIS and AMSR-E sensors offer the potential for regional mapping 
and monitoring of land-atmosphere net CO2 exchange for the pan-Arctic. The diagram above 
illustrates an approach for remote sensing-based derivation of weekly and annual Rh and NEE. 
We exploit AMSR-E daily mapping capabilities and X- and C-band passive microwave sensitivity 
to surface moisture and temperature (1, 2) for quantifying the primary environmental controls to 
soil respiration within major boreal and arctic vegetation communities, as defined from regional 
land cover maps.  We use this information and soil active layer carbon pools, derived from long-
term climatologies and soil inventory network measurements, to quantify spatial and temporal 
variations in Rh. This information is combined with corresponding MODIS 8-day and annual GPP 
and NPP measurements to derive NEE at daily, weekly and annual time steps. 

Model LogicModel Logic

The map below (left) shows maximum surface moisture during 2002–04, and the map below 
(right) shows mean saturated surface moisture during the same period for the pan-Arctic 
domain, as derived from AMSR-E L3 daily C- and X-band data (2). The plot below (right) 
shows the relationship between annual maximum LAI and the estimated average 2004 soil 
litter decomposition rate constant; this is used with AMSR-E temperature and moisture 
scalars to estimate soil respiration Rh. The plot below (left) shows comparative soil moisture 
at the Lethbridge tower site during 2002–04. Spatial heterogeneity in surface moisture can be 
much greater than seasonal variability posing a significant challenge for rigorous validation 
using pixel-point comparisons with biophysical station networks.
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SSM/I Spring Thaw Timing vs Net CO2 Exchange
(Alaska-Yukon; 1988-2000)

R2 = 0.585; P < 0.002
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SSM/I Spring Thaw Timing vs NPP
(Alaska-Yukon; 1988-2000)

R2 = 0.745; P < 0.0001
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The figure above (left) shows the mean primary thaw day (day of year) for the pan-Arctic 
basin and Alaska as derived from SSM/I satellite data from 1988–2002 (3,4). The figure 
above (right) shows the 2003 MODIS production efficiency model- (MOD17 PEM) derived 
GPP(gCm-2yr-1) for the domain. The graphs below show the close correspondence
between the SSM/I-derived timing of spring thaw and annual C cycle anomalies (1988–
2001) depicted by the NOAA AVHRR Pathfinder derived NPP (lower left) and regional 
ecosystem process model simulations of NEE (lower right) for the Alaska portion of the 
domain. 

0

>1000

200

400

600

800

Cold Temperature Controls on PanCold Temperature Controls on Pan--Arctic Carbon Cycle Arctic Carbon Cycle 

0

20

40

60

80

100

120

16
9

21
0

25
1

29
2

33
3 9 50 91 13
2

17
3

21
4

25
5

29
6

33
7 13 54 95 13
6

17
7

21
8

25
9

30
0

34
1

J day

S
oi

l M
oi

st
ur

e 
(%

)
Tower Soil Moisture AMSRE Soil Moisture

-4

-3

-2

-1

0

1

2

3

1/1 2/10 3/21 4/30 6/9 7/19 8/28 10/7 11/16 12/26

Date

g 
C

 m
-2

 d
-1

Carbon Model with AMSR and MODIS BGC Tower

+Source

-Sink

Daily surface moisture and 
temperature fields derived from 
AMSR-E are used with MODIS LAI 
and GPP information to compute Rh
and NEE at 8-day and annual time 
steps. These results are evaluated  
using regional flux tower site data 
and site-based ecosystem process 
model (BIOME-BGC) simulations. 
The map on the left shows pan-
Arctic daily NEE on June 26, 2003, 
while the map on the right shows 
the MODIS-AMSRE based annual 
NEE for 2003. The plot on the left 
shows the comparative seasonal 
NEE patterns from MODS-AMSRE 
results, tower CO2 measurement 
based calculations and BIOME-BGC 
model simulations using local 
meteorology at the NSA-OBS 
(NOBS) Ameriflux tower. The plot 
on the right shows the NOBS 
cumulative NEE  pattern derived 
from these approaches over the 
2003 period.
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Land surface temperatures are derived using 2 approaches: a simple landcover based LUT and a more process oriented 
approach using H and V polarization microwave emissions (at 6.9 and 36.5 GHz bands Fily (5)). We also compare differences 
among these approaches and channels with the MODIS Aqua LST product, as shown below. Atmospheric effects, such as 
clouds and water vapor, and the effect of surface conditions (e.g., terrain, vegetation biomass, open water) on microwave 
emissivity vary depending on the channel characteristics. The AMSR-E 6.9 and 36.6 GHz channels were found to be sensitive to 
minimum daily air temperature and surface soil temperature dynamics across large vegetation biomass, thermal and moisture 
gradients. The simple LUT approach was also as effective as the more rigorous Fily approach. 
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The plot below (left) shows the soil temperature comparison at the Barrow (Fily approach, AMSRE 6.9 GHz, 2003, 8-day average); the middle 
plot illustrates the comparison among minimum air temperature, tower site soil temperature, BIOME-BGC model soil temperature and AMSRE 
6.9 and 36.5 GHz vertically polarized brightness temperature at the Ivotuk tower site; the comparative surface temperature among minimum 
air temperature, LUT and Fily approach surface temperature using AMSR-E 36.5 GHz at the Upad tower site is below (right).
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