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a) Total Solar Irradiance Observations
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“native” scales with offsets attributable to calibration errors. Instrument overlap
allows corrections for offsets and the creation of a composite TSI record.
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TABLE 1. Global mean clear- and all-skv 5W, LW, and net TOA radiative fluxes, solar irradiance, and CRE for satellite-based data
products (units in W m™).

CERES
SREBAVG- SEBAV(G-
ES-4 non(GEQ GEQO GEWEX SRB
Product name ERBE 54 Ed?_revl Ed2D_revl EdZ2D_revl Version 2E6 ISCCPFD

Time penod L85 — 0189 OGO — 022205

Solar irradiance Ml3 M3 3413 3413 34LE M5
LW (All sky) 2352 39.0 2377 237.1 2404 235.8
SW (Al Sky) 101.2 983 96.6 w7 1007 105.2
Net (All Sky) 49 4.0 7.0 6.5 —03 0.5
LW (Clear Sky) 2649 266.6 266.4 2641 268.1 2623
SW (Clear Sky) 536 493 51.2 51.1 545 542
MNet (Clear Sky) 228 254 23.7 2.2 19.2 25.0
Lw CRE 29.7 276 28.7 .0 217 26.5
SW CRE —47.6 —409.0 —45.4 —46.6 —47.2 —51.0

MET C'RE —17.9 —21.4 —16.7 —19.7 — 105 —24.5
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FiG. 1. Annual mean TOA flux difference between (left) CERES ERBE-like and CERES SRBAVG-nonGEQ
and (right) CERES SRBAVG-nonGEOQ and SRBAVG-GEO for (a), (b) LW; (c), (d) SW; and (e), (f) net for the
year 2002.
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Production Efficiency Principles:

GPP =¢, o fPAR e PAR
NPP =& o fPAR e PAR

where PAR (MJ m-2) is in a time period (day, month), FAPAR is
the fraction of PAR absorbed by vegetation canopy, ande s the light
use efficiency (LUE, g C MJ-1 PAR) in GPP calculation, and is ¢;
the light use efficiency in NPP calculation.
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Global shortwave downward flux (wln?)
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Table 1 Estimated averaged Insolation over land surfaces (Wm™)

IPCC AR4 GCM
model simulations and
two satellite products

dataset ISCCP-FD NRA ERA-40 JRA [125] | Trenberth AMIPII GEBA IPCC AR4 GEWEX
[125] [125] [125] et al. GCMs mean GCM
[125] mean [140] mean
[140]
Feb. 190.1 224.1 177.2 206.4 178 169 175
1985-
April
1989
Mar 2000 188.8 225.4 - 207.4 184.7 182.4
- May
2004

Liang, et al., IEEE JSTARS, 2010




Global radiation for Europe for sites with more than 50 years observation
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Trend in Cloud fraction (% ya™ 1)
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Figure 6. Limear trend of daly total cloud coverage from 1973 to 2008. The monthly total cloud cover
fraction anomaly i derived and used to calculate the lingar trend using the Mann-Kendall trend test
method, and only stations that pass the 95% sigmficance level in the Mann-Kendall trend test ane shown.
Some siles over North Amenca and some Eumopean countries changed the observational method from

human visual ohservations to mstrument observations during the 1990s and are excluded because they
show obvious discontinuities in total cloud covemge.

Wang, et al., 2010
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AOD Anomaly

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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Figure 9. Observed 2-m temperature anomalies over global land surfaces during the 20th century. There
is indication for a suppression of greenhouse-induced warming through “global dimming™ between the
1950s and 1980s, and an enhancement through “*brightening”™ between the 1920s and 1940s as well as
from the 1980s onward. Anomalies with respect to the 20th century average. Units are °C. Adapted from
Wild et al. [2007].
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Figure 5. Simulated annual clear-sky surface solar radiation anomalies over the period 1950—-2000 in
different latitude belts of the Northern Hemisphere: High latitudes (60°N—90°N), middle latitudes
(30°N—-60°N), and low latitudes (0°—30°N). Simulations done with the aerosol-climate modeling system
ECHAMS HAM [Stier et al., 2005, 2006]. Reference value is 1950. Units are W m 2
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Estimating incident solar radiation

> Liang, S., Zheng, T., Liu, R., Fang, H., Tsay, S.C., & Running, S. (2006).
Mapping incident Photosynthetlcally Active Radiation (PAR) from MODIS
Data. 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.,
Running, S., &Townshend J. (2007). Mappmg hlgh -resolution incident
photosynthetlcally 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
photosynthetlcally 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

A

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

A 4

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

A 4

Interpolate surface reflectance of other observations

A 4

{ Table looking-up for incident PARJ

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



MODIS 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




ﬁ Monthly PAR from MODIS

MODIS Monthly Average PAR Jan 2003

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



E Downwelling Shortwave Radiation
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Downward Surface Shortwave Radiation of China from MTSAT images.
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E Photosynthetically Active Radiation
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i _ Albedo effect after deforestatlon

Davm E. L. & N. de Noblet-Ducoudre (2010) Cllmatlc Impact of Global Scale Deforestation: Radlatlve
2 + versus Nonradiative Processes. Journal of Climate, 23, 97-112.
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Albedo-based geoengineering solutions to
offset CO2
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Fig. 1. Schematic overview of the climafe geoengineering proposals considered. Black arrowheads indicate shortwave radiation. white
arrowheads indicate enhancement of natural flows of carbon, grey downward arrow indicates engineered flow of carbon, grey upward arrow
mdicates engineered flow of water, dotted vertical arrows illustrate sources of cloud condensation nuclei, and dashed boxes indicate carbon
stores. From Vaughan and Lenton (2009), not fo scale.



Table 1. Estimated radiative forcing potential of gecengineering options to alter planetary albedo. In common with the literature, for the
first option, a back calculation is made of the albedo change required to counteract the radiative forcing due to doubling CO», whereas
for the remaining options, forward calculations are made of the maximum potential radiative forcing. The latter are based on upper limit
albedo changes and areas suggested in the literature (see text). Calculations were done at full precision but outputs are generally given to 2
significant figures commensurate with our first order approach.

Ophion Area I:mz} Frachon of Albedo change  Scaled albedo Transmittance  Planetary albede  Solar radiaton  Radiatree forcing
Earth withn area Aw change of laver  factor change Aap at TOA EF Iﬁ.-'l"m_‘-"'}
. r 1
[Earth Sp (Wm™)
Tncrease marine cloud albado Aag
Mechamieal 89x101% 0175 0.074 0.013 084 0.011 343 -371
EBiologmcal 51=101%3 01 0.008 0000067 084 0.000056 343 —0.019
Increase land surface albade LS
Desert 1.0x108 002 0.44 0.0088 0.73 0.0064 330 ~212
Grassland 385=101% 0075 0.0425 0.0032 048 0.00135 330 —0.51
Cropland 14x1013 0028 0.08 0.0022 048 0.0011 330 —035
Settlements 325=1012  0.0064 0.15 0.000%G 048 000045 330 —0.15

Urhan areas 15x1012 00029 0l 0.00029 048 0.00014 330 —0.047




Table 2. Estimated radiative forcing potential of carbon cycle geoengineering options. Effects are calculated relative to a strong mitigation
scenario m which a total of 1000 PgC are enutted and atmospheric CO; (and corresponding radiatrve forcing) reaches 450 ppm (2.58 Wm— 2]
m 2050, stabilises at 500 ppm (3.14 Wm‘z} in 2100 and then declines to 363 ppm (1.43 Wm‘z} on a nullenmal timescale.

. _ 2050 2100 3000
Geoengineering Opiot o, (ppm) RF (Wm2) ACO; (ppm) RF (Wm2) ECaeq (PeC) ACOs (ppm) RFgng (Wm2)

Enhance land carbon sink

Afforestation —41 —0.49 —34 —037 153 —16 —-0.27
Bio-char production —10 —0.12 —-37 —0.40 3990 —34 —0.52
Air capture and storage  —358 —0.74 —186 —23 = 1000 =|—83| =|—1.43|
Enhance ocean carbon sink

Phosphoms addition —50 —0.070 —-12 —0.13 574 —52 —0.83
Nitrogen fertilisation —4.5 —0.054 —93 —0.10 200 —25 —0.38
Iron fertilization —a.0 —0.11 —19 —020 227 —19 —0.29
Enhance upwelling —0.1 —0.0017 —03 —0.0032 16* —19 —0.028
Enhance downwelling —(0.08 —0.00095 —0.18 —0.0019 o —-1.1 —0.016

Carbonate addition —0.4 —0.0048 —-23 —0.025 251%* —30 —0.46
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bidirectional reflectance factor (BRF) R(6,,¢,,0,.¢,). which 1s numerically equivalent

to BRDF multiplied by =:

R(QE E é}' e 9‘# 3 @‘p) — #(9: 3 gﬁ:’ e 9\!: @\J) qulﬂTiﬂll 1—9

we need surface directional-hemispherical reflectance (DHR). which can be integrated

from BRF over all reflected directions:

o1
r(—p,,0,) = . I R(u. o, p,0)ududg Equation 1-10
0

=

It 1s often called local or planar a/bedo, but is called black-sky albedo in the MODIS

products of the NASA Earth Observing System (EOS) program. The biliemispherical

reflectance (BHR) 1s a further integration of DHR over all illumination directions:

1
= ZJ. (=, @) udu, Equation 1-11
0

37
which 1s also called global or spherical albedo, or bright-sky albedo in the MODIS



Albedometer measurements
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MODIS albedo algorithm

— (Vermote) Schaaf)
~ .
Atmospheric ™ (" BrpF modeling
Satellite data correction
~ N

Narrowband to
broadband conversion

Broadband albed>f

(Liang)
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Derive apparent reflectance (normalized
radiance at the top of the atmosphere)

*
at 2.2 um, @ 99

* Assume that aerosol is transparent at

S * ;
2.2 ym, thus: @79 9 =@ 9 9 where p°,;
is the surface reflectance.

® Determine surface reflectance at 0.47,
and 0.66 ym:

P°%0.47=0.5p%16=0.25p%,,

®* Determine the aerosol type (e.g. smoke
or dust) from the excess radiance:

AP =P 007 ~ Ploar AP 0ee=P 0se — P ose
Ap* o/ Ap*se==>> aerosol type

® Determine the optical thickness fromthe
excess radiance:

F =
AP™n 17== Tnur , AP 0 == Tnas




The modified three-parameter linear surface BRF kernel model:

Ts (6)5’@1::(‘6) - f:r'so +ﬁ=aa‘ 'Kvof (Qsﬂg\J=¢)+fgeo 'Kgao ('95"615596)

Where: the volumetric and geometrical kernel function has the following form:

K. K, - (m/2-<&)cosé+smé 1+ 1? T
cos @ +cos.? 1+ % 4
So
K, =K,;=0(0,.0,.¢) —sec@'-secd'+0.5(1 + cos ') sec f'sec '

O =(t—smrcost)(secl'+secd)/w

h\,."sz + (tan @' tan v'sin @)’
b(secf'+secH")

COSf =

D =/tan” @'+ tan’ v'-2 tan &' tan v' cos ¢

cos<'=cos@'cosv'+sin &'sin v'cos ¢@

b
0'=tan"'(—tané.)
-

9'=tan™ (é tan 6,)

r

—1.5° " 5 0and =10
b

¥

A




Liang, S., (2001), Narrowband to Broadband Conversion of Land
Surface Albedo. I. Algorithms, Remote Sensing of Environment, 76:213-
238.

Oghort = U 1600 + 02910 4+ 0.243003 + 0.1 1oy
0Ll 2o - 008 Towy — O0L0OT35

picinge — W33 1oy 4+ 042400 -+ 02460y
(Y diffuse —visible =— [J-E4fﬁﬁ| i [JﬁEHﬁ'-I i [J_Eﬂt’am 0,001 3
CNdipect—visihle = [J-3f1[3ﬁ| ~ 0.3 ?‘4f"|_‘-! - 0.25 ?If'u

cppp = D.039%0 - 050400 — 007 Loy -+ 0. 10500y
= 025205+ 00060 + 0010 Lews



JPSS (VIIRS) two albedo algorithms

Schaaf)

BRDF modeling

Narrowband to
broadband conversion

T

Atmospheric
correction

Satellite data

) “D k” f
“Bright” surface ares Spirtaces

(Liang \
Broadband albedyf

(Liang)



Broadband albedo estimation
Joint Polar Satellite System (JPSS)

Raw data ' g BRDF modeling

f?

Qroadhand albedos <

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

ﬁd to broadband

albedo conversion

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.



All Stations
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Validation of MODIS
shortwave albedo product
over Greenland

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.




MODIS Albedo

Albedo
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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.



E Global Broadband Albedo

Jan. , 2009

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



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



ﬁ [llustration of the proposed GOES-R ABI
albedo algorithms
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Minimizing the cost function:

NO
NO p NE 2
=) (4 -4 @) + ) > (RIF-RE(W)
i=1 =1 J=1

+L::I]:|-+]ﬂ+]c

Where X are the coetficients of the surface BRDF model and
acrosol optical depth (AOD). A7°(x) is the calculated surface
albedo using the BRDF model. A"™ are the background values of
albedo trom albedo climatology. RE;“ and Rfff reter to the

observed and modeled top-ot-atmosphere (TOA) retlectance. |, 15

the cost function to account for various constraimns (physical
meanings of BRDF parameters and AODs, etc.)
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Fig. 2.
albedo anomaly under snow-covered condition. (b) NH albedo anomaly under snow-coverad condition. (c) SH albedo anomaly under snow-covered condition. (d)
Global albedo anomaly under snow-free condition. (2) NH albedo anomaly under spow-free condition. (f) SH albedo anomaly under snow-free condition.

Global, Morthern Hemisphers, Southern Hemisphere land surface shortwave albedo anomalies under snow-coverad and snow-free conditions. (a) Global

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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Fig.1 Monthly averages of longwave downward radiation from two satellite products (ISCCP and GEWEX) and different GCMs
in the IPCC AR4.

380 T T T T T

ISCCP

Gewex
BCCR-BCM2.0
CGCM3.1(T47)
CGCM3.1(T63)
CNRM-CM3
CSIRO-MK3.0
GFDL-CM2.0
GFDL-CM2.1
GISS-AOM
FGOALS-g1.0
INM-CM3.0
MIROC3.2(hires)
MIROC3.2(medres)
ECHAMS/MPI-OM
MRI-CGCM2.3.2(1851-1900)
MRI-CGCM2.3.2(1901-2000)
CCsSM3
UKMO-HadCM3
UKMO-HadGEM1
ECHO-G

CSIRO-Mk3.5
IPSL. M4

360 | ' -

Fevdnest]

global longwave downward flux (wfn%)

Titidaititet

240 | | | | | | | | | |

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
month



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



Trend in Downward Longwave Radiation (WY m2 ya'1)

-04 -03 -02 -01 U 0.1 0.2 0.3 0.4

Linear trend of daily (L,) 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 Geoohvsical Research. 114. D19101. doi:10.1029/2009JD011800



below 500 m

& 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,

300 350 400

Calculated LWDN
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250, 200, 150, 100, 70, 50, 30, 20, 10, 5 hPa
- Large errors, especially over high elevation sites

Boulder

Calculated LWDN

150 200 250 300 350 400 450

SR
150

T T T T
250 300 350 400
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Bias: -19.51
RMSE: 37.26
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~3 layers
" below 500 m

Ground-Measured LVWDN
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Atmosphere Profiles Database
Profiles
Ancillary parameters

MODTRAN4

Thermal Path Radiance
Surface-TOA Transmittance
Spectral downwelling longwave radiation
Integrated LWDN

Emissivity Library
Spectral Emis Spectra
Broadband Emis

I S 2
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LWDN
Ancillary parameters

Clear-Sky
LWDN Models

_—— I S - l
Spectral
Spectral Surface Response
Longwave emission Function
I I S .

TOA Radiance
LWUP
Ancillary parameters

Clear-Sky
LWUP Models

Framework of Hybrid Methods




Predicted LWDN

Predcted LWDN

400

3s0

200

Bondville (Agqua)

Sioux Falls (Agqua)

Penn State (Agua)

Bias: -2.2 Bias: 4.3 Bias: -2.55
RMSE : 18.89 RMSE : 15.86 RMSE : 14.25
2 -t g
§ 4 § Ea
=i 3 Y
A 38 S
E o 2 ,\
¥ i N :
g A
&
&
200 250 300 350 50 300 350 200 300 351
Ground-Measzwred LWDN Ground—Measured LWDN Ground-Meazured LWDN
Desert Rock (Agua) Fort Peck (Aqua) Boulder (Aqua)
Bias: ~10.03 21 Bias:-275 g| Bias:54
AMSE : 17.86 RMSE : 13.82 b4 AMSE : 16.35
]
” -
]
o -
L5 LR
£s g g Ry
] Bty 3 § . . :_-'.'
] 3 . Py
£ 31 & il
it ,
L ﬁ s AT
o ::-.'.. ﬁ 1|
8
2
250 300 35 200 50 300 200 250 00 50
Ground-Measured LWDN Ground-Measured LWDN Ground-Maeasured LWDN

Nonlinear Models

& Results similar to
Terra

& Smaller RMSEs iIn

Aqua-derived LWDN

- Smaller systematic

errors in Agua (Liu et.
Al, 2006)

- Diff. overpass times
- diff. atmospheric
conditions

Avg. RMSE: 17.60 W/m2
Avg. Bias: -0.40 W/m2
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Estimating longwave upwelling radiation (LWUP)

(1)Temperature-Emissivity Method

A, TS MODIS LST (MOD11 L2
F,=¢| 2B(T, )1+ ({1-¢)F, ( -2
& & Broadband emis (derived

from MOD11B1)

(2) Hybrid Method
& Following the framework for hybrid methods

¥ Emissivity Effect 5 Models in total
o UCSB Emissivity Library (59 spectra)
« ~2000 MODIS Profile

& Statistical Analysis
» Linear SULR Models (R?: 0.990, RMSE< 5.42 W/m?)

Fu =ady +a I—29 +4a, I—31 +a, I—32

- Artificial Neural Network (ANN) Models
(R?: 0.996 RMSEs<3.7 W/m?)




Representative thermal space-borne RS systems

Sensors Wavebands (pum) # of Spatial
bands resolution
3.55-3.93 1
AVHRR 10.30 —12 50 5 1.1km
3.66 —4.08 3
MODIS 8.400 — 13.48 g | Lkm
3.55-3.93 1 1km
ATSR/ATSR-2/AASTR 104 — 125 5
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 2 1.1km
9.59 —13.49 4
GOES 10.2-125 2 4km at nadir
GMS(Geostationary 35-4.0 1 4km at nadir
Meteorological Satellite) 10.3- 125 1
HJ-1B 3.50 — 3.90 1 150m
10.5-125 1 300m
METOP-IASI 3.2-15.5 (645-2760 cm) 8461 | 12km




Estimating LWUP: validation

Bondville, IL (Aqua) Bondville, IL (Aqua) Bondville, IL (Aqua)
Bias: -13.17 Bias: —7.36 : Bias: —4.07
= RMSE : 17.55 e g RMSE : 14.98 - S g RMSE - 12.64
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1 Emissivity #  Hybrid Method 81 /" Hybrid Method
g Method : Linear model ¢ ANN model
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Ground-Measured LWUP Ground-Measured LWUP Ground-Measured LWUP

Bondville, IL (cropland, elevation 213 m)
Smaller RMSEs in Aqua
*Hybrid method outperforms temperature-emissivity method
 ANN 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

Summary of validation resulis
Site MODI1_L2 (*C) MODOT_L2 (*C)
Bias (MOD-GT) ERMSE  Bias (MOD-GT) RMSE

Brookmgs 0.62 1.63 1.3k 1.97
Audubon 0.72 1.31 2.94 74
Canaan Valley 0.04 141 1.200 2108
Black Hills 0.15 1.44 il4 410
Fort Peck 219 2.51 .34 2.70
Hainich 221 2.51 2,12 2.54
Tharandt 323 5.44 334 373
Bondville 309 341 0.1 2,50

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



Broadband Emissivity Broadband Emissivity

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

CAM2/CLM2, Daily averaged Tg - Tg @em=0.86, Sep.

e T 2w T Bl | HE
O
-1.5 -1.2 -0 -Q8 -0.3 a 0.3 Q.8 Q. 1.2 1.5

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

Julian day 049(2008)

Global eight-day 1-Km land surface broadband emissivity retrieved by
our new algorithm using MODIS albedos.
(Skm from 1984-1999, 1km 2000-2010, 8day)
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Hydrological Cycle

Atmggghere TRENBERTH et al., 2007
Ocean to land -

Water vapor transport
/' “0
J f‘

Ocean % Vegetation
Evaporation 413 Land

Sy Rivers

Ocean _— Lakes

178
Surface flow
(40) Soil moisture

Ocean 122

S0t  Ground water flow J
Ground water flow EEESSSem 22

15,300

/" /° Precipitation
s 113

Ocean

Precipitation Evaporation, transpiration 73

Units: Thousand cubic km for storage, and thousand cubic km/yr for exchanges

FiG. 1. The hydrological cycle. Estimates of the main water reservoirs, given in plain font in 10° km?, and the flow of moisture

through the system, given in slant font (10° km? yr~'), equivalent to Eg (10" g) yr—%.
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ETg = R, - lay + az - VT + RHD - (ay + ag - FIV],  (8)
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Figure 3. Companson of the 16 day average predicted and

ground-measured ET collected at all 64 sites shown in
Table 1 when EVI 15 used. We used a 16 day average
because the MODIS EVI data are available tor a 16 day
mterval.
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Summary

& Climate change and human activities have
greatly impacted land surface radiation and
energy budgets

& Many 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
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