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3). Southeast Tibet Station for Alpine Environment Observation
and Research (SETS), CAS (Linzhi Station)
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Ngari Station for Desert Environment
Observation and Research, S

Chinese Academy of Sciences (NASDE/CAS)
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Ngari Station for Desert Environment Observation and Research,
Chinese Academy of Sciences (NASDEICAS)
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Shuanghu Station




Naggu Station of Plateau Climate and
Environment (NPCE)
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Results from the field observations



*The eddy correlation methodology

ha,t 2
Momentum flux e St ARl
Sensible heat flux H :IOCPW’T’:—IOCPU*T*
Latent heat flux AE = ApwW'q’' = —-1pu.(Q

Friction velocity Ux = \/~_ u'w’

R w'T’
Characteristic temperature Faan S U.
qul
Characteristic specific humidity 0s = —
U
3 3
ZTu. zTu.” pC,

Stability parameter & =z/L =— 8




*The Bowen ratio methodology
momentum flux r = pCpoy (U, —U,)*
sensible heat flux H = pC,Cp (U, —U )T = T,)

latent heat flux  AE = pAC_, (U, — us)(qSfC = qz): H.-B™

03 Cp(Tzl _Tzz) e H

Bowen ratio B =
Ald, -4, ) AE
k2 u'w’
Con T U
[In(z/z,)]
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‘Micrometeorological characteristics parameters

Aerodynamic roughness length z, .

—kU—W (5) (Uzlnzl—ullnzz)
Pl ¥
Lom = L€ 5 , Lom =€ U2t
Thermodynamic roughness length
k(T-T
7 (T S)_Wh(ﬁ)
Excess resistance to heat transfer kB-1
/(Ll* 1. =7 g
kB =In(Zm), kB = U )—[ln "y, (2]
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Heat Flux (W m
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2.1 “Surface energy imbalance”(PAM o?a({ta
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Heat Flux (W

Rn: Net radiation
GAME} ' '.bet H: Sensible heat flux
LE:Latent heat flux
Il heat flux
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Surface energy fluxes and Closure ratio

Closure Ratic

Day of Year

Daily averaged surface energy fluxes and its
closure ratio (CR) during IOP (Tanaka et al.,2003)
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Heat flux (W m 2 )
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1. The diurnal variations for surface heat fluxes in
the Tibetan Plateau area are very cleatr;

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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downward long wave radiation
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Rn:Net radiation

downward short wave radiation
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radiation in Tibetan Plateau area
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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

DOs113 MA ET AL SURFACE HETEROGENEITY AND ITS IMPACT DE113

Table 1. Aecrodynamic Roughness Length z,,, Der = 'hJ']"l rent Land Surfaces by Usine th Independent Method thod

Grass land - bean corn

-15 cm vegetaton |Liobi)

Observation ) 560 200 2 Oy 4 0f)

'I ||
0.0139 my 0.00267 0.0028 M 0.061 e 0.168 LUK

} ...._—1 I.'.uu.um

Table 2. Themodynamic Roughness Length zgy, Derived From Different Land Surfaces

Amdo N PAM F HEIFE AECMP 93

Land surface grazelamnd -5 ~m grazeland -1 5 ~m Sand
Grass land veg GOb' bean corn
pemor | A - wheat

L, 1T

(5 o §,
< N 00001 0.00114 [} 0.000049 0.000011 f 0.000685 | 0.00132 0.00227

10 of 11




Sl Tl TET] {1

B TR TETTLH

S B LA

= e

1%
of o hade
I = NEAM
" o *EEm taga o
. o L
3 o gl -
BTl . H
- L L]
o

X W 1I 4 I6 1%
Briymg Tine ' b

Fig.2 Ussimial varsmnas of 1he ama v sy oo best ©rasade

dh ' ad Anehi Sewsn s SPEAY Samn

i Tacinh s s e o}

Excess resistance to heat transfer (£5-1)



Effective aerodynamic roughness length and zero-plane displacement height
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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 zgm (m) d, (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 81+ 55

Shiguanhe(12) 10.2 4.3 81.9 £ 345

Litang(9) 6.0 1.1 60.7 £11.12




Latent heat flux(ET)-by eddy covariance system
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Latent heat flux(ET)-by eddy covariance system
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Latent heat flux(ET)-by eddy covariance system

Post-monsoon
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RS data

T4
T5
: & 4 MODTRAN surface and LAI
\egetation & “—laerological data
coverage W
Y 1
/ blending height
approach

Fig. Diagram of parameterization procedure by combining
NOAA AVHRR data with field observations



ssSurface reflectance (surface albedo)

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

loroadband (Xi ¥) = @ FavpHr-1 (X, ¥) + 0 Fayhrr_2 (X, Y) +C (1.3)

Tibetan Plateau:
Foroadband (%: ¥) = 0.546r ay g1 (X, ¥) + 0.4541 5 4rr_o (X, ¥) + 0.038 (1.4)



s*Surface temperature

Split-window technique (SWT) was proposed (Becker and Li 1990,
Becker and Li 1995, Sobrino et al. 1994, Sobrino et al. 2000):

T = A+ AT, + AT, (L5)

T =F(T,,T5,64,65,W,0) (1.6)
where T, and T : the brightness temperatures of channel 4 and 5 of AVHRR;
&, and & : the spectral emissivities of channel 4 and 5 respectively;

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

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

Tsfc (X’ y) = T4 (X, Y) +1.56[T4 (X, y) —T5 (x, y)] + (1.7)

0.28[T, (X, ¥) =T (X, Y)I* + (48 =5W)[L— &(x, y)]

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

e (%Y)=¢,0Y)R, (X, y)+&,(x, y)1-PR,(x,y)) +4<e&>(1-P,(x, )R (X, y) (18)

Vegelation Soll



*Normalized Difference Vegetation Index (NDVI)

NDVI = Doir T LandsatTM ~ NDVI (e, ¥) = 73(x%,y) —13(%,Y)
Foir T Nis 7”4 (JC, y) + }""3 (x’ y)

Modified Soil Adjusted Vegetation Index (MSAVI).

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):

2rNIR +1_ \/[2erR _|_1]2 _8[rNIR B rRED] (17)
2

MSAVI =

Landsat TM

27, (3, 9) + 1 y[27 (5, ) + 11 ~ 873 (5, 3) — 75 (x, 3)]

MSAVI(x, v) =

2




*\/egetation coverage Pv

Carlson and Ripley (1997):

NDV](J‘::J’) _NDWmin ]2

P(x,y)=
(x.3) =1 NDVI - NDVI .



1, rxy)—r,

LAl (x,y) = |

2k r.—F,

This Equation can be used to most of the satellite,

such as NOAA/AVHRR, Landsat TM etc.




2 .Land surface heat fluxes

Net radiation

RH(I,_}’) — (I_FD (Iry)) .KJ,(Iry}+ LJ,(I?y)_ El] ('x?y)JT”d{x?y)




«Soil heat flux

Go(x,¥) = p.C (T (x, ) = T, (x, )] 7 (3, 3)

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

GAME/Tibet case:

(%, %)

T _ _
G,(x,y) =R (x, y)-Z (0.00025 + 0.00436 1o + 0.00845 r1° )

rx,y

o[1—-0.979 MSAVI (x, y)']




Sensible heat flux

[T;ﬁ [:IJ.:I’,}_TE ':I, .:I’,::I]
zg —dp 6 1)

H(x,y) = pCpk’ug

[11'1 ZR Ifil:l [:I:.:",:'
A e Z i (26, 1

— ¥ m ':I:-.:"’:']

+iB (x, Y- )] e[ In




«*Latent heat flux

AE(X, Y) =R, (X,¥)—H(X,¥) =Gy(Xx,y)
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mensihle Heat (H)

S il heat flux (3



Case study

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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satellite data >

ISL+ABL obs.

| MODTRAN surface and
atmospheric data

Vegetation

fractional
coverage

MSAVI E| | || Te| K L,
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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 and Ma et al. 2011,JC)




Latent h

Latent heat flux
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(Han and Ma, 2015)
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Heat fluxes distributions over Nepal

(Pukar and Ma et al.,2015,AR)



Derived net radiation flux (W/m?)

Derived sensible heat flux (W/mz)

R =0.96
MB= 15.97
RMSE= 30.30

Measured net radiation flux (W/m?)

R =0.67
MB= 8.79
RMSE= 16.27
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(Pukar and Ma et al.,2015,AR)

Derived ground heat flux (W/m?)

Derived latent heat flux (W/mz)

"]rR=063
| mB=-19.89
| RMSE= 25.02

N DL B
80 100 120 140 160

Measured ground heat flux (W/m?)

“1rR=0094

MB= -20.39
4 RMSE= 29.04

BB R Bl ER SN
100 150 200 250 300 350 400 450

Measured latent heat flux (W/mz)




The variations of land surface heat fluxes for 11 years (2003—-2013)

(a) Sensible heat flux (b) Latent heat flux

(c) Net radiation (d) Ground heat flux

(Pukar and Ma et al., 2015, JGR)




90°E 95 E 100°E

95°E 100°E

90°E 95 E 100E 105 E

75°E  80°E ‘E 90'E 95E 100°E 105°E

I

Increase Increase = Decrease  Decrease |
(significant) (insignificant) (significant) (insignificant

(2001-2016) (Ma et al, 2018,1JRS)




Thankyou'

» Weigiang Ma &{%&5®
* |nstitute of Tibetan Plateau Research, Chinese
Academy of Sciences

- FERERERSIRMRA
« Add: Building 3, Courtyard 16, Lincui Road.
Chaoyang DistrictBeijing, 100101, China

e It REAPHXIAZEER 165 fR3 T
» Tel: +86-10-8409-7057 (O) / +86-180-1040-0029
(M)

« E-mail: wgma@itpcas.ac.cn




