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Objectives

* Assess both the agricultural output and the water consumption for crop growth using satellite
information and compute subsequently the water productivity
* The outcome of the research could be used as a scientific evidence for water use policy making




EO Data Delivery

Data access (list all missions and issues if any). NB. in the tables please insert cumulative figures (since July 2020) for
no. of scenes of high bit rate data (e.g. S1 100 scenes). If data delivery is low bit rate by ftp, insert “ftp”

ESA Third Party Missions m ESA, Explorers & Sentinels data m Chinese EO data m

1.GeoEye-1/WorldView2 2 1.Sentinel 2 1.GF-1, GF-2
2 2. MODIS 2. FY

3 3 3

4. 4. 4.

5 5 5

6 6 6.

Total: 2 Total:




Schedule

* the project’s schedule, planning & contribution of the partners

Monitoring water productivity in crop
production areas from food security

perspectives
Select a period to highlight at right. A legend describing the charting follows. Period Highlight: % Actual Start % Complete 7 Actual (beyond plan) % Complete (beyond plan)
ACTIVITY PLAN START PLAN ACTUAL ACTUAL PERCENT PERIODS

DURATION START DURATION COMPLETE 123 456 7 8 9 10111213 141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

WP100 Field data collection

Field data collection and pre-processing of remote sensing and meteorological 100%
data - Season 1 + Season 2 1 24 1 24 ’

TerraScope Training 9 2 9 2 100%
WP200 (rop type identification

Crop type mapping for the study regions - Season 1 + 2 9 16 9 16 100%
Validation or comparison with the local official statistics - Season 1+2 26 2 26 2 100% -
MS1 100%
Milestone 1 (MS1) - 1 ESA Dragon 5 Conference report 12 1 12 1
WP300 (rop Yield forecasting
Crop yield modeling for the study regions - Season 1 + 2 13 12 13 12 100%
- . . - - 100%
Validation or comparison with the local official statistics - Season 1 + 2 25 2 25 2
MS1  |nilestone 2 (MS2) - 1 conference report / 1 peer-reviewed Journal article 29 1 29 1 100% .
WP400  Evapotranspiration and water productivity mapping (WPM)
Maps of actual ET per targeted crop - Season 1+2 27 3 27 3 100% -
Water productivity maps for each study region and for each crop - Season 1+2 30 3 30 3 100% -
Validation or comparison with the local official statistics - Season 1+2 33 2 33 2 100% -
MS3 Milestone 3 (MS3) - 1 ESA Dragon 5 Conference report / 1 peer-reviewed 100%
Journal article 35 1 35 1

FR " Final Report 36 1 36 1 100% .




ETWatch Model

Characterizing earth surface with multi-source remote sensing data
Quantifying fluxes between surface and atmospheric boundary layer

Integration of energy balance, aerodynamics and water balance

Stratosphere

Free atmosphere

4 Entrainment zone
moisue et ol [EAH
exchange : 1
s s >—E srcmare ey e | Mixing layer
Atmospheric 4 Advection?
boundary layer .




ETWatch—operational remote sensing model

ETWatch Model
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ETWatch Model ‘

Sub-models

Net-radiance model

Parametrized Surface soil heat flux model
Net-radiance model Aerodynamic roughness length model
Soil heat flux model Atmospheric Boundary Layer model
Sensible heat flux model Vapor pressure deficit model
Latent heat flux model Canopy conductance model

key parameters mo del Sensible heat flux model

, Latent heat flux model
Aerodynamic roughness length model

Bare soil evaporation model

Atmospheric Boundary Layer model Water surface evaporation model

Vapor pressure deficit model Ice snow sublimation model

Canopy conductance model Latent heat flux model

ET scale conversion model ET fusion model

Coupling water and carbon processes Model

Field scale ET allocation model



ETWatch Model

Input data

Parameter Description Data Source Clear day Cloud day
LST Land surface temperature MODIS/FY3 O x
. . ) o
Albedo Surface reflectivity of solar radiation MODIS/FY3/Sentinel-2 O With Filter method
. O
LAI Leaf Area Index MODIS/FY3/Sentinel-2 O With LALNDVI
Meteo ‘ Relative Hmmdﬂy, Wmd Velovity, Sun Shine Meteo o o
parameters [Hours, Air Presure, Air Temperature
A1r temperature, Wind Velovity, Air Presurre o
PBL and Humidity of Boudary Layers ARIS © With Filter method
VPD es In‘stant.aneous near-surface saturated vapour MODIS/FY3 o O
pressure With gap filing
S Instantaneous near-surface actual vapour MODIS/FY3 o o
- pressure With gap filing
o
Gc Canopy Conductance MODIS/FY3 O With gap filing
Ral Net longwave radiation MODIS/FY3+meteo O N

With gap filing




@mgp Challenges 1: Complex underlying surface @ eésa

B Complex underlying surface within pixel of remote sensing does not match the homogeneous underlying

surface which is assumed with ET model
v' Parameter values for specific underlying surface types are not suitable for mixed pixels

v Models with high uncertainty and poor regional applicability

Types Maxin}um canopy Minimum.vegetation VPD sensitive
height (m) canopy resistance (m/s)  parameter (1/hPa)
Forest land 20 100 0.025
Grassland 0.2 40 0.0155
Wetland 0.01 150 0.0155
Cultivated land 2 40 0.023
Bare land 0.05 50

Parametric values assumed by pure feature type are not suitable for mixed pixels

=000 —MTE Gleam MODI16

1 -ET_CR PLSH SSEBop
150

I WAVAPE A
1004 s \ {, =

| \‘\/

3004

250

T T T T T T T T T T
1980 1984 1988 1992 1996 2000 2004 2008 2012 20165

Ideal underlying surface Actual underlying surface Model uncertainty and regional applicability



Daily surface soil heat flux

B Surface soil heat flux is the key to increasing the monthly energy closure rate, which seriously affects the
accuracy of monthly and seasonal evapotranspiration (about 5-10%)
> Existing evapotranspiration models all assume that the daily surface soil heat flux is zero
> Daily surface soil heat flux models is proposed based on the daily diurnal surface temperature

> Improved monthly energy balance closure rate, monthly evapotranspiration accuracy can be increased by

N

3-5%
/2)
6(e.1)= D, 7(:.0)= D, jm) [7(.0) 1]
dT(s) T AdT(s)
G()= f WS~ mh s e =

oil heat flux
S

I' = f (AT, albedo.S,,®,0,C_,$)

o(W/rnz)

G,(t) =G(0,7)

Estimated surface soil heat flux
(W/m?)

Estimated surface s

Yingke

-10 -5 0 L5 10 15 -10 -5 0 5 10
Measured surfacesoil heat flux (W/m?) Measured surface soil heat flux (W/m?)

Zhu WW, Wu B F, et al. 2014. A method to estimate diurnal surface soil heat flux from MODIS data for a sparse vegetation and bare soil. Journal of Hydrology, 511, 139-150.



Canopy stomatal conductance model

€ esa

Canopy stomatal conductance model is proposed, and the empirical value of the maximum stomatal

conductance is replaced by a mathematical model to reflect the spatial heterogeneity of vegetation types

and the influence of the atmospheric environment.

n 30, -
s = Gem ﬂ fix) KBBR8 A p FEAA0p |
i=1 SEM L A h(Q) =5—=5— RMSE=26 N
n Ql + QSO/ 3 % 7
Ge = Gom " [LAlyn ';I(qun) + f1(Qsna, LAlsna)] * f2(VPD) Qsosun = Ky - (1 =k, - NDVI) TE
E
1 1 Q'-l),\'ul - k,l : (l - k.' ’ A'DVI) '\J'
m = -m-InVPD + b
IS = exp(=b - NDVI) + ¢ fuvPD) = TN o i 3 S U o
gsm = a- exp(b- NDVI) ) (X 7 B Bl WO K AL ‘
7 0 10 2 30
AEfimAR gsmbitiyy  AAENMREEHVPD Observed G, (mm s™)
He e I R oh
Gs ET X ye076x+09
PP SN P sae L/70X + 0,
Sites Slope Im-.rul.pl R: R,\i;S:E Gs n_\o.l,';s Slope Intercept R? RMSE ETmeas Lyt
(ms™*) (ms™) (ms™) (mm) (mm) (mm) RMSE=2.9
GT-W 091 0.0004 089 0.0023 0.0078 0.90 0.08 093 055 2.59 = po}
GT-M 076  0.0009 0.6 00025 0.0064 1.04 039 092 047 3.01 E
HL 0.79 0.0006 077 0.0015 0.0033 0.89 0.15 091 047 1.78 :. ol

MY 049 00034 047 00038 0.0065 0.89 0.61 082 105 2.85
AR 0.87 0.0013 089 0.0032 0.0092 0.96 0.05 099 02 1.62

Guantan 047 0.0017 063 0002 0.0032 0.88 0.26 071  0.69 1.22 N B = 0

Observed G_(mm s™)
DM 0.81 0.0008 081 0.0022 0.0044 0.96 0.10 095 045 1.98

.

G -M1(mms™)

04

G -M2(mms™)

0, -
y=108x+0.8 °
R’-o.m_

RMSENSS

204

(b)

Observed G_(mm sh
y=0.74x + 1.1
R?=0.65
RMSE«3.7

10 20 30

Observed G_(mms™)

Gs: the model
Gs-M1, Gs-M2:
other models
Gs-P: the model
with reduced
parameters

XuJM Wu BF, etal 20214 Canopy Conductance model with temporal plysiological and environmental

Y 0.67 0.0014 065 00038 0.0083 0.96 0.15 094 068 3.61
SDQ 0.93 0.001 0.65 0.0009 0.0018 1.03 0.25 0.9 0.7

o vahdation oi the model: stafisfical mefrices

factors. STOTEN. 791, 148283

canopy conductance. Journal of Hyvdrology, 592:125612

1.70 XuJ M Wu B F, et al. 2020. Quantifving the contribution of biophysical and environ. factors in uncertainty of



& Aerodynamic roughness length (ARL) models € esa

B Aerodynamic roughness is a key variable that affects evapotranspiration. If the influence of topography,
micro-topography and canopy structure is not considered, it is easy to cause large evapotranspiration errors
on complex underlying surfaces such as non-growing seasons, mountainous areas, and urban areas.

Aerodynamic Dynamic factor

Roughness ’ | -1 )Doppler Wind profile

+ Topography factor

Vegetati
egetation ASTER GDEM-30

(NDVI)

Surface roughness

Surface Temperature SAR

Thermalﬁ?ctor

n z Temperature
Source Area Wind velocity i
Surface

Elements

Topography | Vegetation Dynamic factor Thermal Factor

I

~ ‘ v

Geometric . Dynamic overla
roughness at pixel i/ P

v
Aerodynamic | Ground
Roughness measurement




L@IHEEL‘ Vegetation structure for ARL with MODIS BRDF Parameter @ eSa

BRDF Model: p(es: Oy, ¢) = ko + k1 F; (95' 6., ¢) + ky F, (95' 6., ¢)

The bi-directional reflectance characteristics fitting based on RossThick and LiSparseR kernel
" . e o r— / o \ Wil . MODIS multi-band R factors vs. date

03s

BRDF_R — kz/ko ;

Jodey y

The factor R can reflect the heterogeneity of
surface geometric structure

-.
(LR

Daman in the middle reaches of Heihe River Basin

AR vs. Visible(Vis) R

AR vs. Near-infrared(Nir) R AR vs. Shortwave(Sw) R
y =-0.2617x+ 0.382
0.6 ~ 0.6 - y=-2.3231x+0.5233 0.6 - R? = 0.0146
| R? =0.8833 os - S RMSE = 0.134
» OS5 1 &> y=-2.1359x+0.4795 0S5 +4 RMSE =0.046 ; < < - »
Dl R* =0.8739 - & v e 0.4 ©
i o | RMSE = 0.048 i | S M e average 20
2 03 * S o3 4 nad ¢ average ZO = 03 ...
=3 | * average ZO g 3 | 3 1
= 0.2 > 3 02 4 linear 3 o2 1 > ———
1 * linear 3 > o e JAL ‘ -
-2 o1 : *
o + v ‘ o v : )
o T v ' VisR
NirR ; g ! 4
o 0.05 0.1 0.1s 0.2 o R o' o SWR o 0.1 0.2 0.3 o

Conclusion: the BRDF information of near-infrared or shortwave band is suitable to estimate temporal aerodynamic

roughness length over farmland with equivalent effect.
Wu Bingfang*, Xing Qiang, Yan Nana, Zhu Weiwei, Zhuang Qifeng. A linear relationship between temporal multiband MODIS BRDF and aerodynamic roughness in HIWATER wind gradient data,
IEEE Geoscience and Remote Sensing Letters, 2015, 12, 507-511.



@mgp Topographic Roughness for ARL with DEM

€ esa

m Two dimensional RMSH Definition
B /nput data: DEM

= xf 7
z = L r : ry : 2(x, y)dxdy
[«YL.V —-Lix / 2 —L}’/ 2

L

I _ 1 Lx/2 Ly/2 P
N X Ly J.—Ll'!' 2 J-_ Ly/2 = (x> y )dXdy

—2

RMSH =(z* -z )*

: Average of the image

n| NI

: Two moment
RMSH: Root-mean-square height

Legend

fi: Xk
P e : 346
B e a2

02550 100 150 200
SRR ometens

DEM with 1km resolution

Legend
AR BN T s

i

i

02650 100 150 200 e - "%
ACRC——

Kilometers

Wu Bingfang, Zhu Weiwei, Yan Nana, Xing Qiang, Xu Jiaming, Ma Zonghan, Wang Linjiang. Regional actual evapotranspiration estimation with land and meteorological variables derived from multi-source satellite

data. Remote Sensing, 2020, 12, 332



@mgg Geometric roughness for ARL with backscattering @ eSa

B The geometric roughness keeps stable for one fixed land cover usually
m Input data: radar backscattering data

ARG vs.CIEERASAR R RIEH SR EX

0.14 - ) N
y = 0.0008x<-0.0227x+ 0.2506

L
” .Y R? =0.6293
vt 13 % 2
I ¢ field msheight Lezend
B — IR, (field rms height) yingke r.m s. height
~ 0.12 + unit:meter
bt * I 057595275 - . 104249906
g 011 - I 104240306 - . 123915807
i * [ . 123015507 - . 146850804
) [ ] - 146850604 - . 176350041
g 0.1 ¢ [] 176350041 - . 2189609330
# [ ] . 218960339 - . 201079074
B . % g
kL 0.09 - 4 [ . 201079074 - . 438576259
= B 576250 - L o33511257

0.08 T T T )

0 2 4 8 12 16
6 8 10 12 14 sy Kilometers

CE RASARIG B RBAMERE ($h: 50D

Inversed Geometric Roughness

Wu Bingfang, Zhu Weiwei, Yan Nana, Xing Qiang, Xu Jiaming, Ma Zonghan, Wang Linjiang. Regional actual evapotranspiration estimation with land and meteorological variables derived from multi-source satellite
data. Remote Sensing, 2020, 12, 332



‘@/mp New ARL models for the complex underlying surface @ ceSa

B Coupled with multi-dimensional data such as optics, infrared, microwave, topography, etc., an aerodynamic
roughness model is proposed, which reveals the daily change process of aerodynamic roughness, and
significantly reduces the evapotranspiration error in non-growing seasons, mountainous areas, and urban

areas, ensuring daily and Ten-day evapotranspiration error <7%.

» The overall components of the composited aerodynamic Roughness
Avom = (Z%m +Z25) - (1 + (slope—a.) > 0/a.) + Z5,

» The vegetation component based on NDVI
Z¥. =b, + b, - ((NDVI) > 0/NDVI_ . .)">

» The geometric structure based on near-infrared R factor

fgc :.
Zoir = g%t iz TR
» The hard surface roughness based on radar backscattering coefficient
r — ads-Sigmsays+d-
om = €71 FIEmSeTE:
Wu B F, et al. 2020. Regional mation with landanclmete

levapotranspiration

1t bepd MODIS BRDF

nic Roughness Length w

WuBPF, etal 2015. A Linec
Yu MZ WuBF,etal 2016. .



Validation of Aerodynamic roughness length @esa

ung o) ‘uef

"33(1 0} Tl
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&z Challenges 2: Multicollinearity problem € esa

B Multicollinearity problem between key variables in ET models. The same VI is redundantly used to calculate
several key variables in ET models.
v NDVI was used to calculates net radiation, soil heat flux, roughness in the SEBAL model
v LAl is used to calculate net radiation, soil heat flux, roughness, KB-1 in the SEBS model
m There is high correlation between key variables, leading to unstable parameter estimates, large systematic

bias and inter-annual variability.

i R,, = (I—G)R_gl—RLT—(l—Eo)RLl R, = (l-a)RSI—-R“—(l-—EO)R“ Hyy = Ry—G—AE

: g0 = a + bln (NDVTI) - €0 = a+ bln|(LAI) AEet = Ry=G=Hypey

i _ 2 d apt ll= 10801l

' G/R, = T/t (0.0038a + 0.0074a2)(1—0.9 : T _A B e T

T ABwi  ABwq  Hip—Hyw

Zo, = exp(a{NDV] +b) LG = Rl + QY(T-T0)

'
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- . NDVI [\ y < R,—G AE
[ BaCPainel - .zl-'~=°-°°’*°'5(;;),,m) Eaaty = 2 [ A3 ]=24x3 x[ : ]

: ! i=0 A Py
ah > )
Ry G 1 Y p— e E— YT LI L
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Key variables such as NDVI, LAI from a single sensor are reused many times in the existing remote sensing ET models



B Clouds are a key factor affecting net radiation and it is difficult to accurately quantify surface solar radiation
using MODIS /LandSat data
> Sunshine hours and net daily radiation models are proposed based on the hourly cloud data products of
geostationary meteorological satellites
> It solves the problem of accurately describing the changes in the temporal and spatial distribution of daily
shortwave radiation, daily net longwave radiation, and daily net daily radiation, and also solves the
problem of calculating daily net radiation on cloudy and rainy days.

........................

Daily net radiation model

Rn,;lruly =(1-a)- (”s + llrgbka - Ry

i=t,-025
oD
B S e -
imt,+025 p - -
& r".: (=1
i mXM [ONENT : :
0/1 B 0.90 - —
. ” - == =
11 PN W 0.21
12 |BEZHHEZ| 025 Rag,
™ - 5
14 & B - 0.24 X Rninterpolated from v Rnmonitored based on
P .
o == observed data remote sensing data
15 BH = 0.13
) . : 21 |[RBZHAEIZ] 035 s
Wu B F, et al. 2017 An Improved Approach for Estimating DativNet Radiatiorrover the Hetle River Basin. Sensors, 17, 86.

Wu B F, et al. 2016. A Method to Estimate Sunshine Duration Using Cloud Classification Datafrom a Geostationary Meteorological Satellite (FY-2D) over the Heilie River Basin. Sensors, 16, 1859



1

Atmospheric Boundary Layer height (ABL)

€ esa

B The characteristic of the atmospheric boundary layer height is a key factor in the ET process. Other remote
sensing ET models use a fixed boundary layer height value, which seriously affects the interannual stability

of evapotranspiration.

» Atmospheric boundary layer height models are proposed to accurately describe the spatial heterogeneity of boundary

layer parameters based on atmospheric profile data

» With this method, we can reduce the sensitivity of ETWatch to the thermal character of ground, then improve the

accuracy of ET model

Atmospheric water vapor
profile data

=

|
’
Helght(km)

Temperature(K)

Helght(km)

e 20 0 0
potential-Temperature(K)

Height(km)

Vitual-P-Temperature(X)

Yueliang Feng, Bingfang Wu, Nana Yan, Weiwei Zl. Method to derivedmixed boundary layer height from MODIS atmospheric profii

Parameters at the atmosphericboundary layer height

0005 o 0 —— —

file data product at Heihe river basin. Atmosphere 20135, 6, 1346-1361; doi:10.3390/atmos609134



Vapor pressure deficit (VPD)

B Vapor pressure deficit models are proposed to accurately describe the spatial heterogeneity of Vapor
pressure deficit based on atmospheric profile data and atmospheric precipitable data products

Humidity profile

i» T ] m Instantaneous near-sznface vapor pressure:
12 ~ =1 )
‘ . r :;z . (RH 700 + RH 600 + RH =00 ) 3
Atmospheric water vapor 10 |- : R = — -
profile data E ' 3 RH 4, \
_ £ : A =00+ 0. 1k (1o P ¥ )2 )
- E \ (RE o + RH ooy + FH 50 )f3)
. : \%mh_: A, = 0.51 + 0.128 In( R)
- ~ - 25 = TPW - 4, -10000 /(H H)/ 4
= ' ' ' a = 4y - ! 500 hPa I 4,
— - - P1: Standard atmospheric profiles; e, = 0.125 -a- (1 + T, /273 15 )
e~ R=1.05,A,=0.92. A,=0.46: _
S - P2: Near-surface dry atmospheric profiles at W [nstantaneous near-surface air temperatures and VPD
| = - wet high-altitude; calculation:
F — R=0.53, A;=0.94, A,=0.36.
‘, - P3: Near-surface wet atmospheric profiles at 7 — T = ko + kl - ADVI o+ k2 W
a

B Qy dry high-altitude; =
R=3.53.A,=0.8, A,=0.85. =
A;. A, reflects the status of humidity profiles VPD = e (T a )_ €.

Hongmei Zhong, Bingfang Wu, et al. An improved satellite-based apporach for estimating vapor pressure deficit from MODIS data. Journal of Geophysical Research: Atmospheres. 119, 12256-12271



VPD (kPa)
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Hongmei Zhong, Bingfang Wu, et al. An improved satellite-based apporach for estimating vapor pressure deficit from MODIS data. Journal of Geophysical Research: Atmospheres. 119, 12256-12271



ETWatch System-ETWatch Standalone

# ] ETWatch, Current User: etwatch
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ETWatch System-ETWatch Standalone
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ETWatch System-ETWatch Standalone
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#] ETWatch, Current User: etwatch

BT

. Sunshine Hour x akn' Heat Flux
Region: *O9t Bagion 'Ot
Senser: | FT2D Sensor: MUWA_AIRS v Senser-| Spu RS
250 Resolution: 5203
Raselution Beseletica EY
Date: 2018 ~ Leurd® heatil? . Date: 2016« Yeur|t < |Month 4 “
’ : Date 2015 v YewrS v Meatdl vy
Irgut Date Mathod®)Bazed On Pressure Profile )Bazed On Tesperature Profile
WPCoud Pile: [T:\Eysunt e =|a| Yagut Date Isput Dete
Outpat Date MOF Polder: 2:\pblIBIf\ / la Toax 2 VETE) e ppt-050a 20150507 tasx i D"'O\
C 2 \fyeld\ = -
lowd Pile » @ 4| ek Rk Tais |1 VETE)\eppt-250s 20150807 _tain tif \@lo\
Swahine Nowr: [I: \Eysunt\egypt-FTIZ2D-250e_201506( of ”
Sunshine hours Atmospheric boundary layer hei | =T =
O LT = . - S p yem ng Te Albede- T Vaedis_see\eppt-sque JDIS250n 20150807 _ulbeds. tif :
- @
] Integrated Aerodynamic roughness X . Net Radiation .
€] integ Y 9 / YOV 7 \edis_preleprpt-squs JNOIS-250n 20150507 _ndvi. tif sla
Begieneont Region 2070
Albeds Senser | sqwe OIS LST: 2 \medis pre\epypt=egua JOIS-050a 201508507 1st tif D"'l Q
Sensor: sqes OIS
Senehine Seaser: €6 - a1S-2508 20150507 so =
SR R o2 T \wedis_pre\eppt-egua JNDIS-250a 20150607 _sea. tif &l
Date: 12017 v Yeur® v Iimenth|17 Day Bate: 018 ~ bew heaetl R Ref101 26 1a) 2 \medis preloppt=equa JOIS-050a 20150607 B0 tif D.'I Q
Isput Datw e, e Ref1(1 31 Ka) - T \wedis_preleppt-squa MDIS-250n_20150607_b04. tif zsla
idity [T VETEO\eqvpt—Su0n_S015080 T 0D tif 5] «
NOVE: (2 \modis_pre\eypt=eque JODIS-20s_201 7091 7_ndvi. tif D*l I o et S - =4
Swabine Mewr [T \ywant\e gyt TEGS%08_20150507_vuat tif :ji] Oatpat Date
T \med \ “SCD43-250e_201 7091 7_NIRBRIF R £ > >
Lo Wwadis_pre\eppt - ~ D Dl I Toax |3 VEETEO\egypt-T%0e 20150807 _TWAZ tsd :JAJ Bagelt 1 \wet\epyp t=oqua JODIS-260n 20050807 g0 tif &
Radar 2 Base\eppt—2950m_oiOn tif D“l I Tein |2 WETEO\egypt-200e 2015000 7_TNIN t4f iJiJ
Ostput Datw Albeds [2 Vtimas oo pt-equa OIS -080n 20160807 _alhade tif wlal Basic Bate  Settisg iz Batdd Kalp Clos
e, \netle MDLI-250m *onm' . f ¥ o D l _J_J 2
R tradiation - Soil heat fl
...Aerodynamic Roughness Le = aily net radiation =~/ oil heat flux
evie Date are alp lese



ETWatch System-ETWatch Standalone € esa

#] ETWatch, Current User: etwatch X

A\ Gapfilling
Region: [*opt Besalution #50 -
Sensor; |FINIDE A R L e ) 1
| Sl
[P |
Eezolution: | 250 Besalutioa Ave Preswere; 1:V -]
Start Time: (2016 © yearl v menth Ead Time: 2016 v yearl v poath Bete: 2015 wyewr! vamth! vy Senabine Now ‘ . ;‘J]_,J
—
: : . - Yain PN
Gapfilling Type: @ Albedo ONVI O Surface Resistance r Sitbels: @ Tiwwrsim O terastrizatian - © Tagirical s RN
Yot Dot I Isgat Date e Bendsrmmen: £ iJI_JI
Ry veedizprel Baidity: 1/ \METDO\egypt-2508 20150101 hamd. tif 2] \ e
. o Dere
P A “250a 2015010 » Bewaden 2 P e |
Clead Mask: [2- \modis_prel T s vy et sinbes = \\ ~= b ) mie ][ ane ] |
Output Date Sentdine Nowr: 1 \METEO\eppt~250a 20150100 _sent. tif > J . ot ove e —
Results: |27 \times\ Toxe: 1 MITI\egypt-250n 20050101 Taux. tif & _] | Begion: [sopi0
s Tine 200 e b menth  Ead Tiee 018 = sk
i o Parameters gapfill i W 6 T i 3 sl e o e S I
Visd Speed: 1 \METDO\egypt~250n 20150101 _vinw. ti & _] | e e
4 Monthly ET 7 ' . - 3 ‘ - =
— = Albeds: 2 \times\egypt=oque MOBIS-250m _20150101_dbeds. tif 2]_] | s elal
Ry
Sensor: Sque_NODIS - VT T \eedis_pre\eppt- eqea_MODIS-250n 20050101 _sdvi. uif jJ Vot ST~ [ T @l ;
|
| Date bine
Kesolution: 250 - Duily JOVE: T:\times\egypt-vqua MOBIS-250n 20150101 advi. ti @4 Py T L
| | Mok Aarwal Barne |
I AT i A V0 L0 it A LST: 2 \wedis_re\ept-vpue MIDIS-250n 20150101 st i )4 | — Tee— =
N Inpwt Dats | > |
| Deaily ET: Z:\times\ r.’l I Ostpat Dute | b
| Output Dats Rerelts: 2:\aet) & _] = : o
| Monthly E'T = | | ; —— S .
=B Clearday ET e ET fi ’
onthly earday TN T (A | - usion _
Kun Kelp Clese - [\ | |




ETWatch System-ETWatch Standalone g ecsa

#] ETWatch, Current User: etwatch > 4
Setting

N Cuts Susics Soaly
-

£

- =

- =

= -

Statistics | Database | Integration



ETWatch System-ETWatch Cloud g ecsa

N & APis Aasets =1y & | En 2
ETWatcl ) 1 P Datasets MR E 2

¢

N b

ET Observed from Sky

RRUESENRR

Framework



wde
ks T

Homepage




ETWatch System-ETWatch Cloud

Call APIs and MyCollection

Net Radiation

Call APIs

~ API Detail API Collection




ETWatch System-ETWatch Cloud
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ETWatch Features

B ET resolution is from 5m to 1km in global scale or regional scale

B Multi-party independent validation: annual accuracy of 97%, daily accuracy of 90-93%
m Model

>

Quantifying fluxes between land surface, soil, vegetation, and the atmospheric boundary layer using multi-source
satellite data

Solve the problem of large uncertainty and poor regional applicability of remote sensing ET model on the complex
underlying surface

Reduces the multicollinearity problem between multiple key variables in ET models

Solve the mismatch problem between the spatial and temporal resolution of remote sensing data and the time-
continuous process of evapotranspiration, and obtain multi-scale remote sensing ET data with high spatiotemporal
resolution

ET downscaling and field scale ET allocation at agricultural parcel and hydrological element for high resolution with

support of multi-temporal optical satellite data



Key Results

B ET data in North China region and some European countries were produced using ETWatch model

>

Field data from 2 field stations (Guantao, Huailai) in Hebei provice in China was used for accuracy
validation

RMSE is about 1 mm/day, the R? is about 0.8. The result of accuracy validation shows that the ETWatch

model can well estimate ET. The data can be used for spatio-temporal characteristics analysis.
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Key Results

B Spatio-temporal characteristics analysis of ET in China and Europe
> The North China region has a high vegetation cover, vegetation transpiration resulted in low ET in this area.
> Significant difference was exisited in East and West of North China region

> Average ET in Belgium is 12.75 mm, and the ET in south of Belgium is lower than north
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Key Results

B Spatio-temporal characteristics analysis of ET in China and Europe
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Key Results
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@,ﬂm Young scientists contributions in Dragon 5 @esa

Poster title Contribution including period of
research
llina Kamenova Space Research Evapotranspiration ET in cropland in Bulgaria
and Technology estimation using Sen-ET
Institute, Bulgarian  SNAP Plugin for study area in
Academy of Bulgaria (1D:249)

Sciences
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zhuliang@aircas.ac.cn



