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Determination of surface heat fluxes and 

evapotranspiration(ET) over heterogeneous 

landscape of the Third Pole region

(Tibetan Plateau and surrounding region)
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3). Southeast Tibet Station for Alpine Environment Observation 

and Research (SETS), CAS   （Linzhi Station）

Constructed date: Beginning of November, 2006





Ngari Station for Desert Environment 

Observation and Research,

Chinese Academy of Sciences (NASDE/CAS)





5）Muztagh Ata Station for Westerly Environment   

Observation and Research, Chinese Academy of Sciences

(MASWE/CAS)



AWS and radiation  system
Turbulent system
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Shuanghu Station



Nagqu Station of Plateau Climate and   

Environment (NPCE)



Results from the field observations



•The eddy correlation methodology

Momentum flux
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•The Bowen ratio methodology

momentum flux

sensible heat flux  

latent heat flux

Bowen ratio          
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•Micrometeorological characteristics parameters

Aerodynamic roughness length z0m
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Thermodynamic roughness length 
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2.1   2.1   ““Surface energy imbalanceSurface energy imbalance””(PAM data)(PAM data)

Sensible heat flux and latent heat flux by using sonicsonic--anemometer dataanemometer data

Rn: Net radiation
H: Sensible heat flux
LE:Latent heat flux
G0: Soil heat flux

GAME/Tibet



Land surface heat fluxes



Surface energy fluxes and Closure ratio

-20
0

20
40
60
80

100
120
140
160
180
200

120 150 180 210 240 270
Day of Year

F
lu

x
es

-0.1
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1

C
lo

su
re

 R
at

io

Rn H lE G CR
Wm

-2

Daily averaged surface energy fluxes and its 

closure ratio (CR) during IOP (Tanaka et al.,2003)
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(one year analysis)
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1. The diurnal variations for surface heat fluxes in
the Tibetan Plateau area are very clear;

2. The surface energy budget was, however, not well
closed from the observed data. CR=(H+LE)/(Rn-G),
the present results shows average CR~0.7( sometimes
around 0.9 during the pre-monsoon period), and CR is
between 0.5 and 0.7 during the summer monsoon period.
And the “imbalance” is more large in summer than it
in winter;

Possibilities
1)instruments problems(LE)
2) advections around the experimental stations;
3)there exists a discussion that a very weak systematic

vertical flow can cause such an imbalance(Lee, 1998)
Further systematic research is necessary to figure

out the cause of surface flux imbalances in this area
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By using the data of D105, Anduo, MS3478(NPAM)and BJ

LD:downward long wave radiation LU:upward long wave radiation

NL:Net long wave radiation
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SD:downward short wave radiation Rn:Net radiation
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The interThe inter--monthly change of monthly change of surface temperaturesurface temperature

in Tibetan Plateau areain Tibetan Plateau area



1. The inter-monthly variations of the downward short wave 
radiation, downward long wave   radiation, the upward  long 
wave radiation, net radiation and surface temperature were 
very obvious. The summer values are larger than it in winter, 
and they reach the minim value around  January;

2. The downward short wave radiation(SD) reaches about 
1100W/m2 at local noon on fine days in summer. The 
transmission rate of incoming solar radiation from the top of the 
atmosphere was estimated as about 85% in cloudless 
conditions. The values is about 10-15% great than about that 
observed at the typical sea level station. This is due to the high 
altitude of the site, thus a shallower atmospheric layer between 
the top of the atmospheric and the ground surface;

3. The upward long wave , equivalent to the surface temperature.



Aerodynamic and thermodynamic roughness Length
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0.00436 0.0139 0.00267 0.0028 0.061
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0.00041 0.00114 0.000049 0.000011 0.000685 0.00132 0.00227
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Radio-sonde  and Wind profiler and RASS



Effective aerodynamic roughness length and 

zero-plane displacement height

（Han and Ma et al., 2015,QJRMS)

Station d0 (m)

QOMS(15) 62.6± 12.3 470.3± 48.0

NAMOS(8) 1.7± 1.1 19.4± 11.9

Linzhi(14) 86.0 ± 6.6 516.1± 39.7

Ali(11) 1.9 ±1.1 8.1± 5.5

Shiquanhe(12) 10.2 ±4.3 81.9 ± 34.5

Litang(9) 6.0±1.1 60.7±11.148
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Monsoon 
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Regional Results



RS data

Fig. Diagram of parameterization procedure by combining 

NOAA AVHRR data with field observations
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Surface reflectance (surface albedo)

cyxrbyxrayxr AVHRRAVHHRbroadband   ),(),(),( 21

Land surface reflectance on each pixel derived from NOAA/AVHRR:

038.0),(454.0),(546.0),( 21   yxryxryxr AVHRRAVHHRbroadband

Tibetan Plateau:

(1.3)

(1.4)



Surface temperature
Split-window technique (SWT) was proposed (Becker and Li 1990,

Becker and Li 1995, Sobrino et al. 1994, Sobrino et al. 2000):

jisfc TATAAT 210 

),,,,,( 5454  WTTFTsfc 
where T4 and T5 : the brightness temperatures of channel 4 and 5 of AVHRR; 

4 and 5 : the spectral emissivities of channel 4 and 5 respectively; 

W: water vapor content, and : the view angle from satellite

(1.5)

(1.6)

Equation(1.6) different form by  more than 15 researchers , we derived it for

Tibetan Plateau as

(1.7)

where W can be derived from radiation transfer model MODTRAN; (x,y)is a function of 

vegetation coverage 
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Vegetation Soil
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••Normalized Difference Vegetation Index (Normalized Difference Vegetation Index (NDVINDVI))

(16)Landsat TMNormal:

••Modified Soil Adjusted Vegetation Index (Modified Soil Adjusted Vegetation Index (MSAVIMSAVI).).

2

][8]12[12 2

REDNIRNIRNIR rrrr
MSAVI




(17)

Problems exist in the NDVI definition equation because of the external factor effect, such as soil

back ground variations ( Huete et al. 1985,  Huete 1989). To reduce the soil back ground effect,

MSAVI was proposed(Qi et al, 1994): 

(6.23)

Landsat TM



••Vegetation coverage Vegetation coverage PvPv

Carlson and Ripley (1997): 



This Equation can be used to most of the satellite,

such as NOAA/AVHRR, Landsat TM etc.



2 .2 .Land surface heat fluxesLand surface heat fluxes

••Net radiationNet radiation

(6.19)



••Soil heat fluxSoil heat flux

Based on the field observations, we proposed soil heat flux on each pixel as 

GAME/Tibet case:

(6.20)



••Sensible heat fluxSensible heat flux

(6.24)



Latent  heat flux

),(),(),(),( 0 yxGyxHyxRyxE n 



实验区及
仪器设置

标
准
化
差
值
植
被
指
数

校
准
后
土
壤
调
正
植
被
指
数

Case study

NDVI MSAVI

The scene of June 12, 1998 is selected as a case of pre-monsoon and whole 

meso-scale area. The scenes of July 16, 1998 and August 21, 1998 are selected 

as the cases of mid-monsoon and the post-monsoon.
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Fig.1  Diagram of parameterization procedure by MODIS data with field  observations

（Ma et al., 2011, AAS; Ma  et  al., 2014, ACP)
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(Zhong et al. 2010,Climatic Change)
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(Zhong and Ma et al. 2011,JC)

Surface temperature



Latent heat flux
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Heat fluxes distributions over Nepal 

(Pukar and Ma et al.,2015,AR)
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The variations of land surface heat fluxes for 11 years (2003–2013) 



(2001-2016) (Ma et al, 2018,IJRS)
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