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Radiation Balance 

http://geochange.er.usgs.gov/pub/carbon/fs97137/  
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Long-term (1984–2000) average global distribution of downward net surface shortwave radiation 

(Wm−2) (Hatzianastassiou et al., 2005) 

 

April Jan. 

Oct. July 
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The global annual mean energy budget of Earth for the approximate 

period 2000–2010. All fluxes are in Wm-2. Solar fluxes are in yellow 

and infrared fluxes in pink. The four flux quantities in purple-shaded 

boxes represent the principal components of the atmospheric energy 

balance.(Stephens et al., 2012) 
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Trenberth, Science, 2010 
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Observed and climate model deduced energy fluxes and uncertainties (all in Wm-2) at the 

surface (Stephens et al., 2012). ‘SW in’ and ‘SW out’ refer to the incoming and outgoing 

(reflected) solar fluxes at the top-of-atmosphere (TOA) and ‘LW out’ is the outgoing 

longwave radiation. Similarly ‘SW down’ and ‘SW up’ refer to downward and upward 

(reflected) solar fluxes at the surface, and ‘LW up’ and ‘LW down’ refer to the upward 

emitted flux of longwave radiation from the surface and the downward longwave flux 

emitted from the atmosphere to the surface, respectively. SH and LH refer to latent and 

sensible heat fluxes. 
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 the 24-year time series for the 

20°S–20°N and the 60°S–60°N 

zonally averaged deseasonalized 

flux anomalies for the shortwave, 

the deasonalized anomalies of 

the same zones for the cloud 

amount from ISCCP and  

 the time-latitude cross-sections 

(Hovmöller plots) for the 

deseasonalized SW anomalies 
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 the 24-year time series for the 

20°S–20°N and the 60°S–60°N 

zonally averaged deseasonalized 

flux anomalies for the longwave, 

the deasonalized anomalies of 

the same zones for the cloud 

amount from ISCCP and  

 the time-latitude cross-sections 

(Hovmöller plots) for the 

deseasonalized LW anomalies 
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IPCC AR4 GCM 

model simulations and 

two satellite products 

Liang, S., K. Wang, and X. Zhang, M. Wild, (2010), Review of estimation of land surface radiation and 

energy budgets from ground measurements, remote sensing and model simulation, IEEE Journal of Special 

Topics in Applied Earth Observations and Remote Sensing, 3:225-240. 
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“全球变亮” 

“全球变暗”  
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太阳辐射短期变化的原因 

大气外部太阳辐射变化：反映在地质年
代尺度上，每11 年太阳黑子变化只导致
±1 Wm-2 

大气内部条件的变化 

水汽： 10%变化导致0.5%太阳辐射下降。
每1ºC 增温导致大概5%的水汽量变化 

云 

气溶胶 
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Wang, K., B. Dickinson, M. Wild, S. Liang, (2010), Evidence for Decadal Variation in Global Terrestrial Evapotranspiration between 1982 and 

2002, Part 1: Model Development", Journal of Geophysical Research - Atmospheres 115, D20112 
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Wang, K., R. Dickinson and S. Liang, (2009), Clear sky visibility has 

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

decreased over land globally from 1973 to 2007,Science, 323, 1468-1470 
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Impacts of diffuse radiation on LUE & EF  

 Clouds and aerosols increase the diffuse component of the 
solar radiation; 

 We are producing both direct and diffuse insolation/PAR; 

 Wang, K, R. E. Dickinson, and S. Liang (2008). 
Observational evidence on the effects of clouds and 
aerosols on net ecosystem exchange and 
evapotranspiration. Geophysical Research Letter, 35, 
doi:10.1029/2008GL034167 
 Light Use Efficiency (LUE) is 19.4% and 203% larger for patchy 

clouds, and thick clouds than those for clear skies while LUE is 
about -6% for aerosols or thin clouds than those for clear skies.  

 Evaporative Fraction (EF) is 15.4%, 17.9% and 23.2% larger for 
aerosols or thin clouds, patchy clouds, and thick clouds than those 
for the clear sky  
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Current solar radiation products 

 The ISCCP (International Satellite Cloud 
Climatology Project) solar radiation products at 
280 km (1983-2000); 

 The Global Energy and Water Cycle Experiment 
(GEWEX) SRB Release 2 has a spatial resolution 
of 1°x 1° ; 

 The Clouds and the Earth's Radiant Energy 
System (CERES) flux products at 140km; 

 GCM reanalysis products (> 1°) 
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Need for high spatial resolution products 

 Current global radiation products have coarse spatial 
resolution (>1°) but fine temporal resolution (3 hours), 
primarily for atmospheric modeling 

 Those products do not account for many local features, 
such as urbanization. 

 Land applications require high spatial resolution (~1km)  
but reasonable temporal resolution (e.g., daily)  

 Ecosystem modeling (say, MODIS NPP product) requires high-
resolution products (1km) 

 Hydrological modeling (ET) at 1km 

 Other applications on environmental monitoring (e.g., drought 
detection) 



  理想误差 
(Wm-2) 

最大误差 
(Wm-2) 

理想空间分
辨率 
(km) 

最小空间分辨率 
(km) 

数值天气预报 1 20 10 100 
农业气象 N/A N/A 1 20 

气候 5 10 25 100 

产品 空间分辨率  时 间 分 辨 率
（小时） 

时间范围 

ISCCP 280km 3 1983-2008 

GEWEX-SRB 1° 3 1983-2007 

CERES 140km 3 1997-目前 

GLASS 5km 3 2008-2010 

 下行短波辐射 

WMO （世界气象组织）要求  
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Gui, S., S. Liang, K. Wang, and L. Li, (2010), Validation of Three 

Satellite-Estimated Land Surface Downward Shortwave Radiation 

Datasets, IEEE Geoscience and Remote Sensing Letters,7(4):776-780 
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Gui, et al., IEEE GRSL, 2010 



极地卫星:  
MODIS 
 
静止卫星:  
GOES-W 
GOES-E 
MSG 
MTSAT 
FY2C  

PAR in July 2008 
Insolation on Nov. 11, 2008 



GLASS辐射产品采取算法流程：首先用遥感反演算法处

理多源遥感数据得到初级产品，第二步融合多种初级卫

星辐射产品得到全球产品。其核心思想是通过

MODTRAN4模拟，建立各种大气和观测条件下下行短波

辐射和和光合有效辐射与大气顶辐亮度之间关系。 

算法技术路线图 

Zhang, X., Liang, S., Wu, H., & Zhou, G. (2012). Mapping Global Incident Downward Shortwave Radiation and Photosynthetically 
Active Radiation Over Land Surfaces Using Multiple Satellite Data. Journal of Geophysical Research, revised 

Huang, G., Wang, W., Zhang, X., Liang, S., Liu, S., Zhao, T., Feng, J., & Ma, Z. (2013). Validation of GLASS-DSSR products using surface 
measurements collected in arid and semi-arid region of China. International Journal of Digital Earth, in revision 

 首次使用多源遥感数据（极轨卫星和静止卫星）反
演得到全球陆表短波辐射和光合有效辐射产品，证
明了使用多源遥感数据反演全球高级遥感辐射产品
的可行性。 

 输入数据简单（无需使用卫星遥感高级产品，避免
其它产品误差精度累计）的同时保持了算法反演精
度，大幅度提高了现有辐射全球产品的时间和空间
分辨率。 

GLASS产品算法 

定标

MODIS TOA 数据

MSG TOA 数据

GOES TOA 数据

MTSAT TOA 数据

FY2C TOA 数据

实际TOA辐
亮度

大气状况 大气顶辐亮度

  1        云
  2             
  ...

  16     无云

 查找表  I
建立不同大气状况指数与大气顶辐亮度关系

大气参数

 查找表 II
建立地表辐射通量与大气状况指数之间的关系

地表反射率
数据

水汽数据 MODIS
地表窄波段
辐射通量

MODIS
DSSR & PAR

MSG
DSSR & PAR

GOES
DSSR & PAR

MTSAT
DSSR & PAR

FY2C
DSSR & PAR

数据融合方法

全球产品 (DSSR & PAR)

算
法
特
色 



Mapping surface radiation- 

GOES12 

Spatial resolution: 5km 

Temporal resolution: 3 hours 



Mapping surface radiation-

GOES11 

Spatial resolution: 5km 

Temporal resolution: 3 hours 



Mapping surface radiation-MSG2 

Spatial resolution: 5km 

Temporal resolution: 15 mins 



Mapping surface radiation-

MTSAT 

Spatial resolution: 5km 

Temporal resolution: 1 hour 



Mapping surface radiation-MODIS 

Spatial resolution: 5km 

Temporal resolution: 3 hours 



Mapping surface radiation-Fusion 



Validation 

 SURFRAD – 7 sites 

 AERONET -3 sites 

 AmeriFlux – 6 sites 

 CarbonEuropeIP – 8 sites 

 AsiaFlux – 1 site 

 Coordinated Observations and Integrated Research over 
Arid and Semi-arid China (COIRAS) 9 sites 

 Chinese Ecosystem Research Network (CERN) – 11 sites 

 Chinese Meteorological Agency – 85 sites 

Totally 130 sites 
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Comparison with other 

products 

Site 
Retrieved DSSR ISCCP-FD 

CERES-MODIS-CALIPSO-CloudSat 

(CCCM) 

Model B Enhanced 

R2 Bias RMSE R2 Bias RMSE R2 Bias RMSE R2 Bias RMSE 

Bondville 0.87 14.68 104.97 0.71 -7.06 149.88 0.84 12.9 119.5 0.82 -0.5 126.16 

FortPeck 0.84 10.51 102.75 0.69 9.61 150.37 0.81 5.3 112.40 0.80 2.3 115.02 

Goodwin 

Creek 
0.91 -6.29 99.54 0.64 12.61 184.11 0.69 14.3 172.0 0.66 -3.8 179.35 

Penn State 0.85 18.17 109.3 0.7 5.92 152.88 0.87 6.9 107.0 0.86 -8.6 111.18 

Sioux Falls 0.81 11.52 114.41 0.65 37.83 168.85 0.62 -11.4 167.4 0.58 -37.8 178.77 

Boulder 0.81 -12.8 126.38 0.72 6.49 154.96 0.34 -12.0 249.3 0.47 -43.0 214.41 

DesertRock 0.92 -52.4 112.94 0.87 -42.4 125.27 0.52 -24.2 198.0 0.49 -26.6 206.38 
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Annual mean change in surface temperature zonally averaged over  deforested areas only. The 

bottom panel of each figure indicates the relative contribution of change in surface albedo, 

change in evapotranspiration efficiency, change in surface roughness, and nonlinear effects. 

森林砍伐后的反照率效应 
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Albedo-based geoengineering solutions to 

offset CO2 
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Part of MODIS 

algorithm for global 

production 

Global White-sky 

(bihemispherical) Albedo for the 

period 30 Sep - 13 Oct, 2002 

0.2 

 

0.3 0.4 
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Broadband albedo estimation 

Atmospheric correction Raw data 

Broadband albedos 

BRDF modeling 

Narrowband to broadband 

 albedo conversion 

Flowchart of MODIS albedo algorithm  
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Issues of MODIS albedo algorithm 

 Atmospheric correction: based on the “dark-object” 
method, requiring dense green vegetation canopies; 

 Angular modeling: accumulates observations from 
multiple (16) days but surface conditions may change; 

 Narrowband-broadband conversion: based on empirical 
statistical analysis for average atmospheric conditions with 
considerable uncertainty; 

 Atmospheric correction requires BRDF information & 
angular modeling requires atmospherically corrected 
surface reflectance; 

 Errors associated with each procedure may cancel or 
reinforce each other. 
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Stroeve, J., J. Box, F. Gao, S., Liang, A., Nolin, and C. Schaaf, (2005), Accuracy assessment of the 

MODIS 16-day snow albedo product: Comparisons with Greenland in situ measurements, Remote 

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

Validation of MODIS  

shortwave albedo product  

over Greenland 
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Spatial/temporal filtering  

The NASA albedo product has “gaps” due to instrument 

malfunction, data missing, and poor retrieval. A gap filling 

is needed. 

 

Fang, H., S. Liang, H. Kim, J. Townshend, C. Schaaf , A. 

Stralher, R. Dickinson, (2007), Developing spatially 

continuous 1km surface albedo dataset over North 

America from Terra MODIS products, Journal of 

Geophysical Research, 112, doi:10.1029/2006JD008377  
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North America total shortwave black-sky albedo (DOY 97–112, 2001). (a) The 

original MODIS albedo; (b) Derived with the new filter 

Fang, H., S. Liang, H.-Y. Kim, J. R. Townshend, C. L. Schaaf, A. H. Strahler, and R. E. Dickinson (2007), 

Developing a spatially continuous 1 km surface albedo data set over North America from Terra MODIS products, 

J. Geophys. Res., 112, doi:10.1029/2006JD008377. 



Liang 

 

 

 

 

 

 

 

 

Broadband albedo estimation 

Joint Polar Satellite System (JPSS) 

Atmospheric correction Raw data 

Broadband albedos 

BRDF modeling 

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. 

 

? 
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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. 
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This algorithm has been used as the default 

algorithm for the VIIRS (Visible/Infrared 

Imager/Radiometer Suite) in the JPSS 

program 
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Developing GOSE-R algorithm as a NOAA 
GOES-R Land Science Team member  
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59 

59 

Illustration of the proposed GOES-R ABI 

albedo algorithms 

Atmospheric 

correction Satellite data 

Broadband albedos 

BRDF modeling 

Narrowband to 

broadband conversion 

“Bright” surfaces 

Optimization algorithm 

“Dark” surfaces 
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 地表-大气参数联合优化算法 

 通常来说，地表反照率研究需要大气校正的遥感数据；而
大气参数提取及大气校正过程中又需要地表波谱和BRDF

的信息，地气相互作用是耦合的。 

 地表-大气联合优化反演的方法 

针对MSG/SEVIRI静止卫星数据 

提出，同时求解最优的大气气 

溶胶参数以及地表二向反射分 

布函数，该方法主要目的是提 

取气溶胶信息，同时也求解了 

地表反照率 

算法原理 

Tao, H., S. Liang, D. Wang, H. Wu, Y. Yu, J. Wang, (2012), Estimation of Surface 

Albedo and Directional Reflectance from Moderate Resolution Imaging 

Spectroradiometer (MODIS) Observations, Remote Sensing of Environment, 119:286-

300  

 

60 



GLASS 短波段反照率 
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POLDER 

MODIS, MISR 

MERIS 

GEOLAND2 

GLOBALBEDO 



Qu, Y., Liu, Q., Liang, S., Wang, L., Liu, N., & Liu, S. (2013). Improved direct-estimation algorithm for mapping 
daily land-surface broadband albedo from MODIS data. IEEE Transaction on Geoscience and Remote Sensing, 
doi: 10.1109/TGRS.2013.2245670  
Liu, N., Liu, Q., Wang, L., Liang, S., Wen, J., Qu, Y., & Liu, S. (2013a), Liu, N., Liu, Q., Wang, L., Liang, S., Wen, J., 
Qu, Y., & Liu, S. (2013). A statistics-based temporal filter algorithm to map spatiotemporally continuous 
shortwave albedo from MODIS data. Hydrology and Earth System Sciences, doi:10.5194/hess-5117-5191-2013 
Liu, Q., Wang, L., Qu, Y., Liu, N., Liu, S., Tang, H., & Liang, S. (2013b). A Preliminary Evaluation of GLASS Albedo 
Product. International Journal of Digital Earth, in press 
 

: 二套反演算法 

AVHRR 

data 
STF 

Final 

product 
1981—1999 

MODIS 

data 

AB1 

AB2 STF 
Final 

product 

Statistics 

data base 

2000—2010 

MCD43 albedo 

product 

Intermediate 

product 

Intermediate 

product 

AB1 
Intermediate 

product 

AB1 AB2 

STF : 时态滤波算法 这是世界上第一次用多种算法生成全球陆表产品 



长期地表反照率变化 

Mean albedo 

Global albedo  anomaly 



全球陆地短波反照率比较 

Fig. 1 Inter-comparison of 30-year global albedo climatology derived from 
satellite products and IPCC AR5 model outputs. 
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BSA WSA 

全球 北半球 南半球 全球 北半球 南半球 

LAI -0.318* -0.303* -0.368** -0.317* -0.302* -0.365** 

气温 0.324** 0.342** 0.249 0.322** 0.340** 0.248 

降水 0.057 0.060 0.047 0.058 0.060 0.048 

 全球及南北半球平均黑空、白空反照率距平与气温、降水、反照率的相关性  

（“*”、“**”：分别代表通过了90%、95%的信度检验水平） 

反照率同气温和LAI的相关性良好，全球及南北半球的反照率
和LAI均为通过了95%信度检验的负相关； 
全球和北半球反照率同气温的相关均通过95%信度的检验； 
反射率同降水的相关普遍不好，均未通过信度检验。 



Greenland反照率空间分布与变化 

Elevation 

(m) 

Annual change rate 

1981–2000 2000–2012 

≤500 0.0004 -0.0006 

501~1000 0.0001 -0.0035** 

1001~1500 -0.0002 -0.0059*** 

1501~2000 0.0004 -0.0031** 

2001~2500 0.0005* -0.0024** 

2501~3000 0.0005** -0.0015* 

>3000 0.0006** -0.0001 

Fig. 5 (a) Digital elevation model of Greenland from USGS 
GMTED data divided into 8 levels: sea level and below 
(white), ≤500m (green), 501–1000m (blue), 1001–1500m 
(yellow), 1501–2000m (cyan), 2001–2500m (magenta), 
2501–3000m (maroon), and above 3000m (red); (b) 
Annual July albedo change rate over Greenland from 
GLASS products in 2000–2012. 

He, et al. 2013b 

Table 1 Surface albedo changes over different elevations 



Greenland 过去32年夏天陆表反照率的变化 

Fig. 6 Surface albedo changes over the entire Greenland from GLASS data 
and early summer (average of May, June, and July) NAO index (1981–2012). 

He, et al. 2013b 

Δα = -0.0004 yr-1 
ΔRF = 0.144 Wm-2yr-1 



Terrain of the Tibetan Plateau with ground stations, major lakes, rivers, and 
landforms.  

青藏高原 
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反照率和雪覆盖度 (SC) (%) 
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Estimation of downward longwave radiation 

1). Empirical methods  

2). Calculating downward flux using 

atmospheric profiles 

3). Calculating downward flux from TOA 

radiance directly 

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, 

113:745-754 

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  
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Linear trend of daily (Ld) over 3200 global weather stations where data are available for at least 300 months 

(35 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  
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Estimating LWDN (MODIS)  

Physical Method  
 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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Framework of Hybrid Methods 

Spectral 

Response  

Function  

Spectral Surface 

Longwave emission 

TOA Radiance 

LWDN 

Ancillary parameters 

TOA Radiance 

LWUP 

Ancillary parameters 

 

Clear-Sky 

LWDN Models 

 

Clear-Sky 

LWUP Models 

 

MODTRAN4 

 

Atmosphere Profiles Database 

    Profiles 

    Ancillary parameters 

 

Emissivity Library 

     Spectral Emis Spectra 

     Broadband Emis 

Thermal Path Radiance 

Surface-TOA Transmittance 

Spectral downwelling longwave radiation 

Integrated LWDN  
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Estimating LWDN:Validation (Aqua) 

Avg. RMSE:  17.60  W/m2  

Avg. Bias:   -0.40  W/m2 
 

 Results similar to 
Terra 

 

 Smaller RMSEs in 

Aqua-derived LWDN  
 Smaller systematic 

errors in Aqua (Liu et. 
Al, 2006) 

 Diff. overpass times 
 diff. atmospheric 
conditions 

Nonlinear Models 

day/fallwinter 

night/fallwinter 

day/springsummer 

night/springsummer 
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Gui, S., Liang, S.L., & Li, L. (2010). Evaluation of satellite-estimated surface longwave radiation using 

ground-based observations. Journal of Geophysical Research-Atmospheres, 115(D18): D18214, doi: 

10.1029/2009JD013635 
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辐射平衡 

4(1 )s l s l

n n n d dR R R F F T       

albedo Insolation 

Longwave downward radiation 

Emissivity 

Skin temperature 
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MODIS split-window algorithm for 

determining surface skin temperature 
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Emissivity determination 

 Vegetation indices (AVHRR) 

 Land cover classification (MODIS) 

 Multispectral inversion method (MODIS & 
ASTER) 

 Hyperspectral data 

Cheng, J., S. Liang, Q. Liu, X. Li, (2011), Temperature 
and emissivity separation from ground-based MIR 
hyperspectral data, IEEE Transactions on Geosciences 
and Remote Sensing, 49(4): 1473-1484 

Cheng J., S. Liang, J. Wang, and X. Li, (2010), A 
Stepwise Refining Algorithm of Temperature and 
Emissivity Separation for Hyperspectral Thermal 
Infrared Data, IEEE Transactions on Geosciences and 
Remote Sensing,48(3), 1588-1597 
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Multiple-band methods for determining both 

LST and emissivity 

 Wan, Z.,&Li, Z. -L. (1997). A physics-based algorithmfor 
retrieving land-surface emissivity and temperature from 
EOS/MODIS data. IEEE Transactions on Geoscience and 
Remote Sensing, 35(4), 980−996. 

 Gillespie, A.   Rokugawa, S.   Matsunaga, T.   Cothern, 
J.S.   Hook, S.   Kahle, A.B (1998), A temperature and 
emissivity separation algorithm for Advanced Spaceborne 
Thermal Emission and Reflection Radiometer (ASTER) 
images,., IEEE Transactions on Geoscience and Remote 
Sensing, 36 (4): 1113-1126 

 Liang, S. (2001). An optimization algorithm for separating 
land surface temperature and emissivity from multispectral 
thermal infrared imagery. IEEE Transactions on 
Geoscience and Remote Sensing, 39(2), 264−274. 
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Convert narrowband emissivity to 

broadband emissivity 

MODIS 

29 31 320.227 0.188 0.217 0.359      

Jin, M., S. Liang, (2006), Improved emissivity 

parametrization for land surface modeling using 

global remote sensing observations, Journal of 

Climate. 19(12):2867-2881. 
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(1)Temperature-Emissivity Method 

 
 

 

 

Estimating LWUP 

(2) Hybrid Method  

 Following the framework for hybrid methods 

 Emissivity Effect 

• UCSB Emissivity Library (59 spectra) 

• ~2000 MODIS Profile 

 Statistical Analysis 

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

 

 

 Artificial Neural Network (ANN) Models  

    (R2: 0.996 RMSEs<3.7 W/m2) 

 



sT MODIS LST (MOD11_L2) 

Broadband emis (derived  

from MOD11B1) 

  dsu FdTBF )1(
2

1





 

3233122910 LaLaLaaFu 

θ Model 

0º 

15º 

30º 

45º 

60º 

5 Models in total 
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Representative thermal space-borne RS systems 

sensors Wavebands (mm) # 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  

10.4 – 12.5 
1 

2 
1km 

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 
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Bondville, IL (cropland, elevation 213 m) 

•Smaller RMSEs in Aqua  

•Hybrid method outperforms temperature-emissivity method 

• ANN model outperforms linear model 

Estimating LWUP: validation 

Temperature 

Emissivity 

Method 

Hybrid Method 

Linear model 

Hybrid Method 

ANN 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-

1570 
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Wang, W., S. Liang, and T. Meyer, (2008), Validating MODIS land surface temperature 

products, Remote Sensing of Environment,112:623-635  

MODIS LST validation 
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Wang, W., S. Liang,  and T. Meyer, (2008), Validating MODIS land surface temperature 

products, Remote Sensing of Environment,112:623-635  

MODIS LST validation 
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Broadband emissivity 

calculated from MODIS 

Collection 4 (green dot) 

and Collection 5 (black 

star) monthly emissivity 

products and ASTER 

daily emissivity products 

(red plus sign) at a 

resolution of 0.05 at six 

SURFRAD sites.  

Wang, K., and S. Liang, (2009), 

Evaluation of ASTER and 

MODIS land surface temperature 

and emissivity products using 

surface longwave radiation 

observations at SURFRAD sites, 

Remote Sensing of Environment, 

113:745-754 
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 The emissivity impact on ground temperature in the coupled 

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. 



 地表宽波段发射率是地表能量平衡估算的关键参数； 

 因缺乏有效的观测，气候模式中将其设置为常数或者采用简单参数化方案表

征；遥感宽波段发射率能够显著改善气候模式的模拟精度（*）。 

 长时间序列、高时空分辨率全球陆表宽波段发射率仍属空白。 

作者 方法 分辨率 光谱范围 用途 缺点 

Wilber等 根据地
表类型
赋值 

全球10’×10’ 12个波段和宽波
段(5-100μm) 

辐射传输模式和
NASA云与地球辐

射能量系统 

无法反映地表
发射率的真实

变化 

Seemann等 基线拟
合法 

全球0.05°; 

月平均, 2000-2010 

3.6-14.3μm内10
个波段发射率 

改善大气温湿度
廓线反演精度 

单一传感器；
未验证 

Pequignot等 多光谱
方法 

全球南北纬30°,月平
均;三年; 1°× 1° 

3.7-14 μm; 

 0.05 μm  

-- 同上；空间分
辨率太粗； 

长波发射率 —全球已有产品 

* Jin, M., & Liang, S. (2006). Improve land surface emissivity parameter for land surface models 
using global remote sensing observations. Journal of Climate, 19, 2867-2881 



 

 GLASS BBE算法建立宽波段发射率和可见/近红外反射特性之间的

函数关系，具有显著的创新性，为宽波段发射率的反演提供了新

的视角； 

 GLASS BBE算法有机结合了MODIS反照率产品和ASTER发射率产品

的优势 ，使得反演全球陆表8天、1公里宽波段发射率成为可能。 

 GLASS BBE算法首次实现了基于AVHRR数据的全球宽波段发射率反

演。 

Cheng, J., S. Liang, Y. Yao, X. zhang (2013). "Estimating the Optimal Broadband Emissivity Spectral 
Range for Calculating Surface Longwave Net Radiation." IEEE Geoscience and Remote Sensing 
Letters 10(2): 401-405. 

Ren, H., S. Liang, G. Yan, J. Cheng (2013). "Empirical algorithms to map global broadband emissivities 
over vegetated surfaces." IEEE Transactions on Geoscience and Remote Sensing: 
doi:10.1109/TGRS.2012.2216887. 

Cheng, J. and S. Liang (2013). "Estimating global land surface broadband thermal-infrared emissivity 
from the Advanced Very High Resolution Radiometer optical data." International Journal of Digital 
Earth: in press. 

长波发射率—算法特色 



GLASS 反射率  
地点 测量值 ASTER GLASS 

Algodones 0.906 0.900 0.916 

Great 
Sands 

0.924 0.946 0.953 

Kelso 0.907 - 0.928 

Little 
Sahara 

0.914 0.947 0.946 

Stovepipe 
Wells 

0.936 0.930 0.939 
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           地表蒸散发(Evapotranspiration, ET)是指通过土
壤-空气、水-空气和植被-空气界面进入到大气中的水
量。 

            它包括土壤、水体的蒸发(Evaporation)和植被蒸
腾(Transpiration)，是地表能量平衡与水量平衡的重
要组成部分。 

 

地表能量平衡 地表水量平衡 

Irrigation

Precipitation ET

Drainage

Groundwater
Groundwater
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Capillary   rise
Rootzone
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TRENBERTH et al., 2007 
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         由于多时相、多波段、多角度的遥感信息能够综合反映
下垫面的几何结构和水、热状况，使遥感方法在非均匀下
垫面上区域蒸散发量的监测方面具有明显的优越性。 

        遥感估算蒸散发量的方法主要分为以下五类： 

经验统计模型  

地表能量平衡模型 

与传统方法相结合的遥感模型 

温度-植被指数特征空间法  

数据同化方法 
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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 
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Impact on pan evaporation 
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Jung, et al., 

 Nature, 2010 
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The times series of 5 year smoothed ET (blue line) and solar radiation Rs (green 

line) anomalies, Wang, Dickinson, Wild, Liang, JGR, 2010 
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Yao, Y.J., Liang, S.L., Qin, 

Q.M., Wang, K.C., Liu, S.M., 

& Zhao, S.H. (2012). 

Satellite detection of 

increases in global land 

surface evapotranspiration 

during 1984-2007. 

International Journal of 

Digital Earth, 5, 299-318 
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Summary 

Land surface radiation energy components are 

critical in various modeling and applications;  

Remote sensing estimated radiation products 

are urgently needed to calibrate/validate GCM 

models;  

High spatial resolution net radiation product 

from polar-orbiting satellite observations is 

also urgently needed for land applications; 
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Thank you ! 


