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Radiation Balance

http://geochange.er.usgs.gov/pub/carbon/fs97137/ 





Average Net Shortwave Radiation at the Earth's Surface: 
January 1984-1991 (K)

Average Net Shortwave Radiation at the Earth's Surface: 
July 1984-1991 (K)

Average Net longwave Radiation at the Earth's Surface: 
January 1984-1991 (K)

Average Net longwave Radiation at the Earth's Surface: 
July 1983-1990 (K)



radiation and energy budgets in radiation and energy budgets in 
the climate modelsthe climate models

7
7(Robock, 1985)



Trenberth et al. (2009)



Trenberth Science, 2010Trenberth , Science, 2010



Figure  Space‐borne total solar irradiance (TSI) measurements are shown on 
“native” scales with offsets attributable to calibration errors. Instrument overlap 
allows corrections for offsets and the creation of a composite TSI recordallows corrections for offsets and the creation of a composite TSI record.

Kopp & Lean, 2011
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Production Efficiency Principles:

GPP fPAR PAR  

Production Efficiency Principles:

g

n

GPP fPAR PAR
NPP fPAR PAR



  

g
where PAR (MJ m-2) is in a time period (day, month), FAPAR is 

the fraction of PAR absorbed by vegetation canopy, and   is the light 
use efficiency (LUE g C MJ 1 PAR) in GPP calculation and is use efficiency (LUE, g C MJ-1 PAR) in GPP calculation, and    is 
the light use efficiency in NPP calculation.

n



Annual net primary production (g p y p (g
C m -2 yr-1) estimated as the 
average of all model NPP 
estimates.

Grid cell level regression of net primary production (NPP) 
(kg C yr -1 m-2) against absorbed photosynthetically 

ti di ti (APAR) (GJ 1 2)active radiation (APAR) (GJ yr -1 m-2) 

Cramer, et al., 1995, Net primary productivity model inter-comparison 
activity, IGBP/GAIM report series 5  



Model range: 24
Standard dev : 5 5Standard dev.: 5.5

Radiation budgets in IPCC 
AR4 GCMs



IPCC AR4 GCM 
model simulations and 
two satellite productstwo satellite products

Liang, et al., IEEE JSTARS, 2010



“global dimming” :Substantial 
decline in solar radiation the surface

“global brightening”:Substantial 
increase in solar radiation the 

surfacesurface



Wang, et al., 2010



Wang, K., R. Dickinson and S. Liang, (2009), Clear sky visibility has 
decreased over land globally from 1973 to 2007,Science, 323, 1468-1470



Wang, K., R. Dickinson and S. Liang, (2009), Clear sky visibility has 
decreased over land globally from 1973 to 2007,Science, 323, 1468-1470





Gui, et al., IEEE  GRSL, 2010, , ,



Estimating incident solar radiation

 Liang, S., Zheng, T., Liu, R., Fang, H., Tsay, S.C., & Running, S. (2006). 
Mapping incident Photosynthetically Active Radiation (PAR) from MODIS 
D t J l f G h i l R h At h 111 A t NData. Journal of Geophysical Research-Atmospheres, 111, Art. No. 
D15208, doi:15210.11029/12005JD006730.

 Liang, S.L., Zheng, T., Wang, D.D., Wang, K.C., Liu, R.G., Tsay, S.C., 
R i S & T h d J (2007) M i hi h l ti i id tRunning, S., & Townshend, J. (2007). Mapping high-resolution incident 
photosynthetically active radiation over land from polar-orbiting and 
geostationary satellite data. Photogrammetric Engineering and Remote 
Sensing, 73, 1085-1089

 Liu, R., Liang, S., He, H., Liu, J., & Zheng, T. (2008). Mapping 
photosynthetically active radiation from MODIS data in China. Remote 
Sensing of Environment, 112, 998-1009

Wang, D., Liang, S., & Zheng, T. (2010). Estimation of daily-integrated 
PAR from MODIS data. International Journal of Remote Sensing, 31(6), 
1661, doi:10.1080/01431160903475407 

 Zheng, T., Liang, S., & Wang, K.C. (2008). Estimation of incident PAR 
from GOES imagery. Journal of Applied Meteorology and Climatology, 47, 
853-868



A set of temporal observations for each pixel

bl b d di f fl

p p

Convert blue-band TOA radiance to “surface reflectance” 
using a default clear atmosphere

Identify a set of “clear” observations with the 
minimum blue-band reflectance

Interpolate surface reflectance of other observations

Table looking-up for incident PARTable looking up for incident PAR

Flowchart of the algorithm using the temporal signatures
(Liang, et al., 2006)



MODIS TOA radiance on 8MODIS TOA radiance on 8 
days in 2003:May 22, May 25, 

May 29, May 31, June 5, 
June 7, June 8, and June 10, ,

Estimated incident PAR



Monthly PAR from MODIS

Three years (2003-2005) daily incident PAR at 4km over North America 
available now; Bob Cook has kindly agreed to distribute them at ORNL DAACavailable now; Bob Cook has kindly agreed to distribute them at ORNL DAAC.



Downwelling Shortwave Radiation

Downward Surface Shortwave Radiation of China from MTSAT images. 

3 hours ,5km, (2008-2010, global)



Photosynthetically Active Radiation

Photosynthetically Active Radiation of China from MTSAT images. 

3hours, 5km. (2008-2010, global)
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Albedo effect after deforestation
Davin, E. L. & N. de Noblet-Ducoudre (2010) Climatic Impact of Global-Scale Deforestation: Radiative 

versus Nonradiative Processes. Journal of Climate, 23, 97-112.f , ,

Annual mean change in surface temperature zonally averaged over  deforested areas 
only. The bottom panel of each figure indicates the relative contribution of change



Albedo-based geoengineering solutions to 
offset CO2







IPCC AR4 GCM model 
simulations and two 
satellite products

Land Surface AlbedoLand Surface Albedo

Zhang, et al., IEEE 
JSTARS, 2010



Part of MODIS 
algorithm for global 

production

0.2 0.3 0.4

Global White-sky 
(bihemispherical) Albedo for the 
period 30 Sep - 13 Oct, 2002
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Albedometer measurements
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MODIS albedo algorithm

(Vermote) (Schaaf)
Atmospheric 

correctionSatellite data
BRDF modeling

( ) ( )

Broadband albedos
Narrowband to 

broadband conversion

39
39

(Liang)



MODIS aerosol over the land
       Vi ibl sVisible

(µm)
0.47

0.55

0.66

Near-IR

1.21.2

1.6

2 12.1





Liang, S., (2001), Narrowband to Broadband Conversion of Land 
Surface Albedo. I. Algorithms, Remote Sensing of Environment, 76:213-

238238. 



JPSS (VIIRS) two albedo algorithms

(S h f)
Atmospheric 

correctionSatellite data
BRDF modeling

(Vermote) (Schaaf)

correctionSatellite data

“Bright” surfaces “Dark” surfaces

Broadband albedos
Narrowband to 

broadband conversion

Bright  surfaces
(Liang)

(Liang)



Broadband albedo estimation
Joint Polar Satellite System (JPSS)y ( )

Atmospheric correctionRaw data BRDF modeling

?
Broadband albedos Narrowband to broadband

albedo conversion

Liang, S., (2003), A direct algorithm for estimating land surface broadband albedos from 
MODIS imagery, IEEE Trans. Geosci.  Remote Sen., 41(1):136-145;

Liang, S., J. Stroeve and J. Box, (2005), Mapping daily snow shortwave broadband albedo 
from MODIS: The improved direct estimation algorithm and validation, Journal of 

Geophysical Research. 110 (D10): Art. No. D10109.



Validation of MODIS 
shortwave albedo product 

G l dover Greenland

Stroeve, J., J. Box, F. Gao, S., Liang, A., Nolin, and C. Schaaf, (2005), Accuracy assessment of the 
MODIS 16 d lb d d t C i ith G l d i it t R tMODIS 16-day snow albedo product: Comparisons with Greenland in situ measurements, Remote 

Sensing of Environment, 94(1):46-60.



Liang, S., J. Stroeve and J. Box, (2005), Mapping daily snow shortwave broadband albedo from MODIS: The 
improved direct estimation algorithm and validation, Journal of Geophysical Research. 110 (D10): Art. No. D10109.



Global Broadband Albedo

The GLASS project retrieves the daily 1km global albedo
from MODIS surface reflectance productsfrom MODIS surface reflectance products
(1984-2010, 5km from 1984-1999; 1km from 2000-2010)



Developing GOSE-R algorithm as a NOAA 
GOES-R Land Science Team memberGOES R Land Science Team member 



Illustration of the proposed GOES-R ABI 
albedo algorithmsg

Atmospheric 
correctionSatellite data

BRDF modeling

Optimization algorithm

Broadband albedos
Narrowband to 

broadband conversion
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Zhang, X. S. Liang, K. Wang, L. Li, and S. Gui, (2010), A climatological analysis of global land 
surface shortwave broadband albedo from MODIS, IEEE Journal of Special Topics in Applied Earth 

Observations and Remote Sensing, 3:296-305
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Radiation budgets by IPCC 
AR4 AR4 GCMsAR4 AR4 GCMs





Estimation of downward longwave radiation

1). Empirical methods 
2) C l l i d d fl i2). Calculating downward flux using 

atmospheric profiles
3). Calculating downward flux from TOA 

radiance directlyy
Wang, K., and S. Liang, (2009), Global atmospheric downward longwave radiation under all-sky 
conditions from 1973 to 2008, Journal of Geophysical Research, 114, D19101, 
doi:19110.11029/12009JD011800 
Wang, W. & S. Liang, (2009), Estimating High-Spatial Resolution Clear-Sky Land Surface 
Downwelling and Net Longwave Radiation from MODIS Data, Remote Sensing of Environment, 
113:745-754113:745 754
Wang, W., & S. Liang, (2010). A Method for Estimating Clear-sky Instantaneous Land Surface 
Longwave Radiation from GOES Sounder and GOES-R ABI Data. IEEE Geoscience and Remote 
Sensing Letters, 7, 708-712 



Linear trend of daily (Ld) over 3200 global weather stations where data are available for at least 300 monthsLinear trend of daily (Ld) over 3200 global weather stations where data are available for at least 300 months 
(25 years) during the period of 1973-2008. 

Wang, K., and S. Liang, (2009), Global atmospheric downward longwave radiation under all-sky conditions 
from 1973 to 2008, Journal of Geophysical Research, 114, D19101, doi:10.1029/2009JD011800 



 Using MODIS Profiles & MODTRAN4
 Problems:
LWDN dominated by near surface temp. & moisture
MODIS profiles are coarse (20 levels)

• 1000, 950, 920, 850, 800, 700, 620, 500, 400, 300, 
250, 200, 150, 100, 70, 50, 30, 20, 10, 5 hPa

Large errors, especially over high elevation sites
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Atmosphere Profiles Database
Profiles

Ancillary parameters

Emissivity Library
Spectral Emis Spectra

Broadband Emis

MODTRAN4

Spectral 
Response 
Function

Spectral Surface 
Longwave emission

Thermal Path Radiance
Surface-TOA Transmittance

Spectral downwelling longwave radiation
Integrated LWDN g

TOA Radiance
LWDN

Ancillary parameters

TOA Radiance
LWUP

Ancillary parameters

Clear-Sky
LWDN Models

Clear-Sky
LWUP Models

Framework of Hybrid Methods



 Results similar to Results similar to 
Terra

 Smaller RMSEs in Smaller RMSEs in 
Aqua-derived LWDN
 Smaller systematic 

errors in Aqua (Liu et. q (
Al, 2006)

 Diff. overpass times 
 diff. atmospheric 

conditions

Avg. RMSE:  17.60  W/m2 
Avg. Bias:   -0.40  W/m2

Nonlinear Models

day/fallwinter
night/fallwinter

day/springsummer
night/springsummer



Estimating longwave upwelling radiation (LWUP)

(1)Temperature-Emissivity Method
sT MODIS LST (MOD11_L2)  dFdTBF )1(2 


 

(2) Hybrid Method

 Broadband emis (derived 
from MOD11B1)

  dsu FdTBF )1(
1






(2) Hybrid Method 
 Following the framework for hybrid methods

 Emissivity Effect
UCSB E i i it Lib (59 t ) θ Model

5 Models in total

• UCSB Emissivity Library (59 spectra)
• ~2000 MODIS Profile

 Statistical Analysis
 Li SULR M d l (R2 0 990 RMSE 5 42 W/ 2)

θ Model

0º

15º Linear SULR Models (R2: 0.990, RMSE< 5.42 W/m2)

3233122910 LaLaLaaFu 

15

30º

45º
 Artificial Neural Network (ANN) Models

(R2: 0.996 RMSEs<3.7 W/m2)

45

60º



Representative thermal space-borne RS systems
sensors Wavebands (m) # of Spatialsensors Wavebands (m) # of

bands
Spatial 

resolution

AVHRR 3.55 – 3.93
10.30 –12.50

1
2 1.1km

MODIS 3.66 – 4.08
8.400 – 13.48

3
4 1km

ATSR/ATSR 2/AASTR 3.55 –3.93 1 1kmATSR/ATSR–2/AASTR 10.4 – 12.5 2
ASTER 8.125 – 11.65 5 90m
TM/ETM+ 10.00 –12.90 1 120m/60m
MSG–SEVIRI 8.30–13.0 3 3km at nadir
FY–3 3.7 – 4 

9.59 – 13.49
2
4

1.1km

GOES 10.2 – 12.5 2 4km at nadir
GMS(Geostationary 
Meteorological Satellite)

3.5 – 4.0
10.3 – 12.5

1
1

4km at nadir

HJ–1B 3.50 – 3.90
10.5 – 12.5

1
1

150m
300m

METOP–IASI 3.2–15.5 (645–2760 cm-1) 8461 12km



Estimating LWUP: validation

Temperature
Emissivity Hybrid Method Hybrid Method

Bondville, IL (cropland, elevation 213 m)

y
Method Linear model ANN model

Bondville, IL (cropland, elevation 213 m)
•Smaller RMSEs in Aqua 

•Hybrid method outperforms temperature-emissivity method
• ANN model outperforms linear modelANN model outperforms linear model

Wang, W., S. Liang & J. A. Augustine, (2009), Estimating Clear-Sky Land Surface Upwelling 
Longwave Radiation from MODIS Data. IEEE Trans. Geosci. and Remote Sens. 47(5):1555-1575



MODIS LST validation

Wang, W., S. Liang, and T. Meyer, (2008), Validating MODIS land surface 
temperature products Remote Sensing of Environment 112:623-635temperature products, Remote Sensing of Environment,112:623 635



Broadband emissivity oadba d e ss v y
calculated from MODIS 
Collection 4 (green dot) 
and Collection 5 (black 
star) monthly emissivity 

products and ASTER 
daily emissivity products 

( d l i )(red plus sign) at a 
resolution of 0.05 at six 

SURFRAD sites. 

Wang K and S Liang (2009)Wang, K., and S. Liang, (2009), 
Evaluation of ASTER and 

MODIS land surface temperature 
and emissivity products using 

surface longwave radiationsurface longwave radiation 
observations at SURFRAD sites, 
Remote Sensing of Environment, 

113:745-754



The emissivity impact on ground temperature in the coupled 
CAM2/CLM2 model, control run minus sensitivity run. Unit is K.CAM2/CLM2 model, control run minus sensitivity run. Unit is K.

Jin, M., and S. Liang, (2006), Impacts of the MODIS broadband 
emissivity on GCM simulation, J. Climate, 19:2867-2881.



Chinese GLASS Broadband Emissivity Product

Global eight-day 1-Km land surface broadband emissivity retrieved by 

our new algorithm using MODIS albedos.

(5km from 1984-1999, 1km 2000-2010, 8day)
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TRENBERTH et al., 2007



 Qin, J., S. Liang, R. Liu, H. Zhang, and B. Hu, (2007), A Weak-Constraint Based Data Assimilation 
Scheme for Estimating Surface Turbulent Fluxes, IEEE Geoscience and Remote Sensing Letters, 
4(4):649-653

 Wang K and Liang S (2008) An impro ed method to estimate e apotranspiration from a Wang, K. and Liang, S. (2008), An improved method to estimate evapotranspiration from a 
combination of net radiation, vegetation index and temperature: Influence of soil moisture. Journal of 
Hydrometeorology 9, 712-727

 Yiao, Y. S. Liang, Q. Qin, and K. Wang, (2010), Monitoring Drought over the Conterminous United 
States from MODIS and NCEP Reanalysis-2 Data, Journal of Applied Meteorology and Climatology, S a es o O S a d NC ea a ys s a a, Jou nal of pplied eteo ology and Climatology,
49(8), 1665-1680

 Yiao, Y. S. Liang, Q. Qin, and K. Wang, S. Zhao, (2010), Monitoring Global Land Surface Drought 
Based on an Improved Evapotranspiration Model, 
International Journal of Applied Earth Observation and Geoinformation,  12(6): S266-S776

 Galleguillos, M., F. Jacob, L. Prévot, P. Lagacherie, S. Liang, (2010),Spatializing and validating 
daily evapotranspiration over a Mediterranean vineyard watershed, IEEE Geoscience and Remote 
Sensing Letters, in press 

 Wang, K., B. Dickinson, M. Wild, S. Liang, (2010),Evidence for Decadal Variation in Global 
T t i l E t i ti b t 1982 d 2002 P t 1 M d l D l t" J l fTerrestrial Evapotranspiration between 1982 and 2002, Part 1: Model Development", Journal of 
Geophysical Research - Atmospheres , 115

 Wang, K., B. Dickinson, M. Wild, S. Liang, (2010),Evidence for Decadal Variation in Global 
Terrestrial Evapotranspiration between 1982 and 2002, Part 2: Results", Journal of Geophysical 
Research – Atmospheres , 115Research Atmospheres , 115

 Xu, T., S. Liu, S. Liang, & J. Qin, (2010), Improving Predictions of Water and Heat Fluxes by 
Assimilating MODIS Land Surface Temperature Products into Common Land Model, Journal of 
Hydrometeorology , in press 



Peterson, T.C., Golubev, V.S. and Groisman, P.Y. 
1995: EVAPORATION LOSING ITS STRENGTH. 

Nature 377, 687-688.,

Farquhar 2002 Science; 
Ohmura and Wild 2002 Science



Impact on pan evaporation



Wang K R E Dickinson M Wild S LiangWang, K., R. E. Dickinson, M. Wild, S. Liang 
(2010). "Evidence for decadal variation in global 
terrestrial evapotranspiration between 1982 and 
2002: 1. Model development." Journal of 
Geophysical Research-Atmospheres 115.

Wang, K., R. E. Dickinson, M. Wild, S. Liang 
(2010) "Evidence for decadal variation in global(2010). Evidence for decadal variation in global 
terrestrial evapotranspiration between 1982 and 
2002: 2. results" Journal of Geophysical Research-
Atmospheres 115.





Global ET over land increased by 0 6 W m (2) per decade equal to 1 2WGlobal ET over land increased by 0.6 W m (2) per decade equal to 1.2W 
m (2) (about 2.2% in relative value) or 15 mm yr (1) in water flux from 

1982-2002



Jung et alJung, et al.,
Nature, 2010





Summary
Climate change and human activities have 

greatl impacted land s rface radiation andgreatly impacted land surface radiation and 
energy budgets

f db k d i h bMany feedbacks and impacts have not been 
fully understood

Satellite remote sensing can accurately map 
high-resolution land surface radiation and 
energy budgets and thus be greatly valuable 
for various applications



Thank you !y


