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Hydrological model calibration: IN SERIES technique
using distributed satellite LST & local discharges
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FEST-EWB model

J. Dooge( 1986) observing internal state variables of hydrologic model ( 0) & LST Corbari & Mancini, 2014 (JHM)
_ Corbari et al., 2014, (HSJ)
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Dooge, J.C.I. (1986). Looking for hydrologic laws, Water Resour. Res., 22 (9) 465-58S.




» | Consorzio della capitanata (Southern Italy): experimental sites ST PouTECNICO
and water distribution network

DI MILANO

70% of crops are irrigated by drip irrigation ~ Eddy covariance from 2015

(tomatoes
Sud Fortore 55.000 ha):
5900 km pressurized irrigation network aqueduct
(Occhito and Celone dam)
96 million m3 water for irrigation a year
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N Tomatoes fields irrigation comparison (2016)
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N The Lisimeter Laboratory experience: verifying FEST-EWB
model parameterization

Fully equipped to measure all the process
measured of the hydrological cycle
120} |==Total water mass loss
=== Drainage o FEST‘EWB mOdeI
=== Actual Evapotranspiration
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DIMENSIONS
Length, width =1.5 m

-70{ —— 18 h befor eirrigation

ool| —2h abee igaton height =1.0 m

oo 13 G tr s Weight = 956 kg without soil e

Weight about 4700 kg with soil
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What happens with vegetation? When to irrigate? “**

Triggering irrigation according to measured (or

forecasted) soil moisture value and plant  °”
stress threshold 13 irrigations in 1 month
i — 0,27
0,25
0,23 = PR
s 7
wv T T . i — I"|—|—\|"_ bl
0,21 T
SM 10 cm
—SM 25cm
0 —WP
—FC
——plant stress 0.232
0,17 —plant stress 0.22
After 14 days the plant threshold 015

286 288 290 292 294 296 298 300 302 304 306 308 310 312 314 316 318 320 322

(from FAOQ) is lowered .
Basil planted on 12 october (dgy 286)

Stress threshold is a fucntion of:
-soil type

-vegetation type

-vegetation growth strage
-climatology

(http://www.fao.org/)
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DELLA CAPITANATA
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Irrigation distribution into FEST-EWB

Irrigated crops during the summer season:

_ hydrological model: which are the cultivated &
-mainly tomatoes

irrigated areas?
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DATA integration IMPROVES revisit time
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Crops areas and dynamic identification from satellite data for irrigation

distribution

Cultivated area

To identify irrigated areas:
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100
90 Vegetation fraction>0.05
i Ndvi>0.3 (end april)
X 60
g 28 Vegetable
= +tomatoes |wheat
;’8 6jan 2017 |LANDSAT 8 0.889 0.242
10 18-mar-17__|LANDSAT 8 0.667, 0.411
0 03-apr-17 __ |LANDSAT 8 0.443 0.792
1-gen  2-mar 1-mag |30-giu 29-ago Tomatoes‘ 5 may 2017 [LANDSAT 8 0.554 0.877
e 2013 e 2014 planting < 21 may 2017 |LANDSAT 8 0.1332 0.919
o 2016 —e—2013 - ndvi>0.3  —e=2014 - ndvi>0.3 29 may 2017 |LANDSAT 7 0.207 0.708
—e=2015 - ndvi>0.3  ==2016 - ndvi>0.3 6 iune 2017 |LANDSAT 8 0.34 0.461
wheat harvest wheat harvest< 17 june 2017 [SENTINEL 2 0.706 0.175
7july 2017 [SENTINEL 2 0.908 0.06
6-jan-2017 18-mar-2017 3-apr-2017 omatoes g may—2017

i Wheat 1 : , .
field 5 Tomatoes fully

developed

/7

30002017 (120042017 31072017
AR

wheat starts to
become yellow
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Calibration of FEST-EWB model: soil surface parameters calibration
pixel by pixel through minimising LST differences
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Statistics are
computed for the
same number of
pixels (e.g. if
MODIS is covered
with clouds also
FEST-EWB is
clouded)

q

FEST-EWB model can help
in creating complete long

o time series of LST data
Absolute pixel by pixel difference
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Validation soil moisture and LST of FEST-EWB model
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N FEST-EWB hydrological model estimate and irrigation distribution
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When irrigation is applied only in SATELLITE vegetated area with ndvi>0.3, LST from
FEST-EWB correclty reproduce the satellite observed LST

LEGENDA
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Frequenza

Hydrological FEST-EWB model & satellite temperature data for soil S, POLITECNICO

DI MILANO
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E | .
;i.?: :015 LANDSAT 8 FEST-EWB calibrated
Ax=30 mLST
U T R
) ‘."{ r‘_ : "\-"‘-
e Y s °C
Sl S
RNy ¥ 31.2
37.5
43.7
50
Mean =37 °C Mean= 36.5 °C

8

8

— |

L —
8
8

Frequenza
8

| Il
/1 |
VA [

T 0

= — —_ —_ —— — —_—— —_ — — —_— - — — — —

25 30 35 40 45 25 30 35 40 45 ’ 0.1 0.2 0.3 0.4

Frequenza

5]
=1

Land surface temperature [°C] Land surface temperature [°C] Soil moisture [-]

POLIMI, 12 June 2019




CALORE LATENTE LE CUMULATO [mm]

DI MILANO

FEST-EWB model validation at FIELD scale: tomatoes field with ST POLITECNICO

After calibration

RMSE (Rn-G) = m (H+LE) R2

SM 0.07
LST 2.2 LST 1.00 LST 0.80
LE 139.90 LE 0.84 LE 0.81
G 46.88 G 0.94 G 0.61
Rn 54.42 Rn 0.95 Rn 0.94
H 50.12 H 1.10 H 0.62
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7
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FEST-EWB model validation at field scale: tomatoes field

After calibration

RMSE (Rn-G) = m (H+LE) R?
SM 0.06
LST 2.1 LST 0.9 LST 0.90
LE 50.1 LE 0.89 LE 0.78
G 394 G 1.1 G 0.61
Rn 39 Rn 0.91 Rn 0.97
H 71.1 H 0.9 H 0.62 ©
E + FEST-EWB
Soil moisture £ %0 " LANDSAT7 /8
06 — — % 10
¥ ¢ sm_20cm T
0 FAN OSSERVATA LED
_ 04 A =
£ 03 SM SIM % 20
2 d ORIGINALE £
02 §
01 SM SIM £ 0 .
0 FINALE 2 e S 9 3 Q = 3
11/05/2016 10/06/2016 10/07/2016 09/08/2016 08/09/2016 ground observed [°C]
Cumulated evapotranspiration Cumulated sensible heat flux
300 120000 S,
— o~
E 20 OSSERVATA £ 100000 ‘_45;,-—/-— OSSERVATA
E /'; 2 80000 cum
= 200 cum = e
E 150 /’JA/-// Xle CACOLATA & 60000 / CALCOLATA
2 CUMsim1 @ 0000 .
§ 100 //:::/ﬂ 2 : e o
/ & 20000 Hse
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9 CUM sim F9 S sim9
3 o0 g -20000
11/05/2016 10/06/2016 10/07/2016 09/08/2016 08/09/2016 11/05/2016 10/06/2016 10/07/2016 09/08/2016 08/09/2016

Error between ET cum obs and sim=7%
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N1 |FEST-EWB model validation

at farm scale: asparagus (2013-2015)

m
After calibration
RMSE (Rn-G) = m (H+LE) R2
SM 0.09
LST 2.3 LST 0.94 LST 0.95
LE 60 LE 1.02 LE 0.7
G 51.1 G 0.68 G 0.61
Rn 39.4 Rn 0.96 Rn 0.94
H 53.4 H 0.89 H 0.62
Soil moisture
- o AN .
035 | IT—— Pl \\ \N.!‘J“"\ \ u\ >
030 ) \ H\ F~ ™
So025 .,,;.'F",-. "~ _‘\\ Ll
mO,ZO ‘
015 *—FESI'-EWB not calibrated \ F
0.10 k—ground obsen'led LJ
" ;/J_WP 'a“’% ‘% ‘1/0 20304 “’l/o ’% 3% “’/o % *% “’% ”% % ‘% "% 25 ‘%"% N ‘6’/ ‘ 220,
< —stress threshold 1 520,3R0,3%0,%0, R0, R0y R0y R0y R0 R0 R0, 20,20, R0r R0y R0y oy oy Rog g Rog 0 R0y,
Error between ET cum obs and sim= 15%
Cumulated latent heat flux _
_ 160 £
E 140 LE 3
E 120 OSSERVATA T
= 100 /—’_’f—’f cum =
E 80 S — 2
E 60 g
3 40 - Xe w
& CACOLATA w
g 2 CUM sim10 S
g 0 S
-20

26/11/201306/03/2014 14/06/2014 22/09/2014 31/12/2014 10/04/2015
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\"b POLITECNICO

SIM IRRIGATION STRATEGY: for water saving &)

||

c
the SIM strategy allows to reduce the passage over the FC o
threshold reducing the percolation flux with a saving of "g
irrigation volume =
Irrigation intensity for irrigation system: c
Drip %
Sprinkler 5
furrow o
(o}

The SIM strategy is based on irrigating only when the soil moisture perculation |OSS

reaches FAO
stress threshold = FC- p * (FC— WP)

where p is the average fraction of Total Available Soil Water (TAW) that can
be depleted from the root zone before moisture stress (Soil water depletion
fraction), FC=field capacity, WP= wilting point.

P is function of crop type

Crop Threshold
Wheat 0,182
Corn 0,19
Sunflower 0,198
T Barley 0,182
FAO (Allen et al., 1996) ~° [Poppy 0,166
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I | o
Tomatoes comparison Irrigation rate and timing reduction of percolation losses

Silty clay soil © SIM IRRIGATIONS Sandy soil
= stress thrés . . o
Farm 1 & ® observed irrigation Farm 2  SMobserved
0.7 —FEpST-EWB SIMHrigations —— FEST-EWB original irrigations
original irrigations 0.4 ———FEST-EWB SIM irrigations
0.6 ’ \ | — -stress thresholds
0.35
) ool S
0 A 15 03 ¢ || ‘!Et ’N bS 'f <
s 04 ‘«“m «g_\i if \"lﬁii 3 % 025
" 1y ! \ il “— .
YR \m‘\i\* YT o
0.3 v 0.2
0.2 y S 0.15
¢ 8§ § 8§ g g & g 8 g
o o o o o o o o o o
o~ o~ o~ o~ o~ o~ o o~ o~ o~
op bl Mot 1 .0 . i, : 2 &z g8 5§ &§ B 8 g =2
S & & & & & ® = & =¥
10/p5 /201 6::30/05 /201 619/06 /201 609/07 /201 629/07 /201 618/08 /201 607/09 /201 6?7/09 /2016 & S @ - 3 & E| ) N -
Irrigation Number of | Rainfall Sandy loam soil
(mm) irrigations | cum (mm) 045
Farm1| _ Observed 547.9 27 145| o |
(2016) SIM 322.3 15 T 1 P
Farm 2 Observed 646.6 43 150 03 ‘\ LU ‘\“ — ¢ smanOSERATA
(2016) SIM 590 90 zos [\ .
Farm 3 Observed 1000 43 28| & o N _:p
(2017) SIM 850 25 s Mo tnigs
the SIM strategy allows to reduce the passage over N
the FC threshold reducing the percolation flux with a o | - - - - - X
saving of irrigation volume g g g g S g g
a g & 3 3 3 a
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N SIM IRRIGATION STRATEGY: REANALYSIS RESULTS on irrigation,
evapotranspiration, drainage

700 where saving water?

farm 2

600 700
500 600
. 400 500
£ £ 400
300
300
200
) 200
100 —
% /____/ 100
0 0
10/0 30/0 19/0 09/0 29/ 18, 07, 27/ 20/04/2016 30/05/2016 09/07/2016 18/08/2016 27/09/2016
7, 07 0, 0 0,
——drainage - observed irrigation ——ET - observed irrigation
——drainage - observed irrigation ——ET - observed irrigation ——drainage - SIM irrigation —drainage - SIM irrigation ET - SIM irrigation
ET - SIM irrigation —rainfall ——observed irrigation —rainfall ——observed irrigation
—SIM irrigation —ETOP FAO ——SIM irrigation ——ETPO FAO
Rainfall + Irrigation = + Drainage + DW
145 + 547 = +320-70. (mm)

145+ 322 +110-80 (mm)SIM

Rainfall + Irrigation = Evapotranspiration + Drainage + DW
150+ 696 = 260 + 730 - 140
150+ 590 = 260 + 620 - 140 SIM
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SIM IRRIGATION STRATEGY: comparison crop yield

AQUACROP FAO MODEL as Crop Yeld control: Q\% Food and Agriculture Organization

crop modelling based on daily data with ET computed with kc of the United Nations

Crop yield:
-with observed irrigation 120 ton/ha

-with SIM strategies 116,3 ton/ha
FARM 1 - Silty clay soil

——FC stress threshold 800 ——FEST-EWB
0-55 —-WP —+-SM observed —e—with observed irrigation
——SM simulated with observed irrigations ——SM simulated with SIM strategy 140 . o
—rain —observed irrigation (mm) 700 —>—with SIM irrigations
. —SIM irrigation ——ETO

120 —e—rainfall_cum

3
S

—e—rainfall+observed_irrigation_cum

0.45 100 € —e—rainfall+SIM_irrigation_cum
£ 500
5 § F
B 80 % E
o 04 & Cao
2 , 60 =
, & 300
0.35 i E
40
200
o2 o 20
100
0.25 /J 0 o it
143 163 183 203 223 243 144 164 184 204 24 244

Giorno giuliano

Steduto, P., Hsiao, T.C., Fereres, E., and Raes, D. 2012. Crop yield response
to water. FAO Irrigation and Drainage Paper Nr. 66. Rome, Italy.
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N SIM IRRIGATION STRATEGY: water indicators at field scale

water use efficiency (WUE = yield/ET) [kg/m?]

W 2016 (farm1) - observed W 2016 (farm1) - SIM

irrigation water use efficiency (IWUE = yield/irrigation 2016 (farm2) - observed 2016 (farm2) - SIM
[kg/m3] - m 2017 (farm3) - observed m 2017 (farm3) - SIM
evaporation deficit =ETP — ET [mm] 2
precipitation deficit =P — ETP [mm] 0
Relative ET deficit = 1-ET/ETP [-] 35
Percolation deficit =((rainfall+irrigation) - percolation) / T 30
. . . . =~
(rainfall+irrigation) [-] £ 25
Irrigation efficiency = ET /(rainfall+irrigation) [-] 20 23-93
15
15.47
10
5
; EI
IWUE
M 2016 (farm1) - observed W 2016 (farm1) - SIM M 2016 (farm1) - observed M 2016 (farm1) - SIM
M 2016 (farm2) - observed 2016 (farm2) - SIM M 2016 (farm2) - observed 2016 (farm2) - SIM
200 m 2017 (farm3) - observed m 2017 (farm3) - SIM T m 2017 (farm3) - observed m 2017 (farm3) - SIM

0.9

200
2 0.8
100 0
. 89.238 0.7
H
-100
-200

0.6
0.5
0.4
03
L & § A 0.2 “
| o1 oln i
-500 0.0

o

-300
-400

evaporation deficit (mm) precipitation deficit (mm) Relative ET deficit Percolation deficit  Irrigation efficiency
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Cumulated irrigation observed vs SIM
6.00E+07

—SIM irrigation

—observed
5.00E+07

4.00E+07

3.00E+07

Volume m3

2.00E+07

1.00E+07

0.00E+00

21/03/2016 10/05/2016 29/06/2016 18/08/2016 07/10/2016

——ET - observed irrigation

SIM IRRIGATION STRATEGY: at consortium scale

26/11/2016

Water fluxes from fest-ewb with observed vs SIM irrigation

700 ET - SIM irrigation
—drainage - SIM irrigation
600 —drainage - observed irrigation
—rainfall
500 =—SiM irrigation
—observed irrigation
£
= 400
300
200
100
0
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7.00E+05
—SIM mean value 0:‘:; &
L]

6.00E+05 ——observed mean value KA

™ . o
» L]
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@ 5.00E+05 o ® e
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° o % °
S 4.00E+05 I
= e %9
© o%e® ° .
© 3.00E+05 T
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2.00E+05 N
ON:. -
° ® oo
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Cultivated area from satellite SENTINEL 2
— LANDSAT 7/8

Cultivated area
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e 2013 e 2014 e 2015 e 2016
——2013 - ndvi>0.3 —=2014 - ndvi>0.3 «=e=2015 - ndvi>0.3 —e=2016 - ndvi>0.3

27-dic




SN POLITECNICO
&5\ DI MILANO
2.

Q Case Study 2 : Chiese Irrigation consortium (Northern Italy)

irrigation scheme: fixed scheduled turn

» Diverted dishcarge from the Chiese river for irrigation= 21 m3/s

» Dense irrigation channels network (1400 km)

» Scheduled irrigation: every 7 dyas and half

Irrigated area= 20’000 ha

ESEMPIO: Vaso Bagatta 2° Comizio e turno irriguo

day 1 day 2 day3 day 4
[
Montichiari o
District = Vaso
Bagatta 2° Comizio J .
n
day5s day6 day7 day 8

LR S
i

=2

A

vlz(2
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1 Operative tool for real time irrigation water needs forecast
The SIM dashboard WATER INFORMATION SYSTEM -

|
Basin: Basin Control Farms Meleorolog[cal Satellite Economic manager
water deficit water needs Field Maps Control Indicators
Chiese river agricultural basin: Water deficit
The following map displays the daily mean water deficit obtained coupling a hydrological model (FEST-EWB or ETMonitor) with several meteorological models outputs (WRF,
ECMWEF, BOLAM, MOLOCH). In green the areas where soil moisture is higher than the field capacity, in yellow the areas where soil moisture is in between the field capacity
and the crop stress threshold, in red the areas where soil moisture is below the crop stress threshold.
Idrological Model FEST EWB v Emission Date 2018-11-16 =] Forecast time Present v Apply
Reset Map Histogram
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N FEST-EWB model calibration/ validation

at FIELD scale: maize field (2016)

FEST-EWB calibration using MODIS LST

RMSE Rn-G) =m (H+LE R2
data (2005-2016) at 250 m o — e
(downscaled) LST 2.2 LST 1.00 LST 0.80
LE 139.90 LE 0.84 LE 0.81
FEST-EWB not FEST-EWB MODIS c 16.88 G 0.94 G 0.61
calibrated  calibrated  03/01/05 Rn 54.42 Rn 0.95 Rn 0.94
; H 50.12 H 1.10 H 0.62
Soil moisture R
- 0.45 —fc I
- g £ ] | nmm
Eo.so
jk R hE (T
o I\ NS INEN N
‘{ 015 L\‘ u‘: M 1 ’L“‘”\x\
08/05/05 NN ]
A\ ~
X 7 4 ? ETEEEEEE R R R
:'_‘:/’ oprEes 0 O MNL®E ) TS EeEsmaREERERREE SRR
e o Latent heat flux
,&"Li/ » " —LE simulated
.::-_&# 600 "
’S’ 2 = 500 ;
S 3 400 i “‘ 1 .
. ESOO | l | \ .
. é Illﬂ 0
MODIS and RET calibrated = = o || I .,l'I‘ |l u “ ’
o 100 ‘l l“ '“i ! ;»
mean error 3 °C ll il "hu.. i l'! umm,l ».\m;.
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N SIM IRRIGATION STRATEGY: REANALYSIS RESULTS on irrigation,
evapotranspiration, drainage

where saving water?

1600
1400 1400
1200 1200
1000 1000
E 800 £ 800
400 400
200 200
O A/—l—'-‘—(—”-—’_r
0 .
19 29 09 19 29 0, 1 28 07,
/06/2015/06/2016 /07/2016 /07/2015 /07/20168/08/20168/08/201 6 /08/2015 /09/2015 16/03/2017 15/04/2017 15/05/2017 14/05/2017 14/07/2017 13/03/2017 12/09/2017
——observed irrigation ——ET - observed irrigation —rainfall infall L o
——rainfall (mm) ——observed irrigation (mm) —SIM irrigation (mm)
—irrigation - SIM (mm) ET- SIM irrigation ——drainage - observed irrigation ——ET - observed irrigation ET - SIM irrigation ——drainage - observed irrigation
——drainage -SIM irrigation ——ETOP *Kc ——drainage -SIM irrigation ——ETOP *KC
2000 . . o .
Rainfall + Irrigation = + Drainage + DW
1800
1600 205 + 1450 = + 870 -285 (mm)
oo 205+ 290 =2954170-30 (mm)SIV
1200
£ 1000 Rainfall + Irrigation = + Drainage + DW
800 225 + 1470 = + 950 =145 (mm)
600 225+ 500 =550+170-5 (mm)SIM
400
200 . . .. .
0 = Rainfall + Irrigation = + Drainage + DW
10/04/2018 30/05/2018 19/07/2018 07/09/2018 515+ 1250 = + 1270 -45 (mm)
——drainage - observed irrigation ——observed irrigation (mm) ——rainfall (mm) - -
—SIM irrigation (mm) ET - SIM irrigation ——ET - observed irrigation 515+ 200 - + 200 25 (mm) SI M

——drainage - SIM irrigation
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SIM IRRIGATION STRATEGY: water indicators

.
water use efficiency (WUE = yield/ET) (kg/m3) 2016 - observed M 2016 - SIM
irrigation water use efficiency (IWUE = yield/irrigation) (kg/m3) e o
evaporation deficit=ETP — ET (mm) 6
precipitation deficit = P — ETP (mm) 5
Relative soil water deficit = 1-(Sm-Wp)/(Fc-Wp) (-) ,

Relative ET deficit = 1-ET / ETP (-)
Percolation deficit =((rainfall+irrigation) - percolation) / (rainfall+irrigation) (-)
Irrigation efficiency = ET /(rainfall+irrigation) (-)

3
2 208 2.00
. 1
Crop yield: I I o
0
WUE

kg/m3

e

73 063

2016

-with observed irrigation 8,93 ton/ha
-with SIM strategies 8,9 ton/ha

2017

-with observed irrigation 8,87 ton/ha
-with SIM strategies 8,67 ton/ha

IWUE

M 2016 - observed M 2016 -SIM

MW 2016 - obsersved W 2016 -SIM b d
2017 -observed W 2017 - SIM ggg Sopsened o ggg z:m
2018 -observed W 2018 - SIM 200 - observed W -

1.0
150

100

191
0.6 50 I 395 .
0.4 0 308
) 642 -50 . X _I3~74.5'l0
0.501
0.2 f' i 0311 B8 5a: -100 § =
0.0 150 -265.2-
5l

MR o

-250

‘04 _300
RSWD Relative ET deficit percolation deficit ET deficit Rainfall deficit

0.8

mm
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N

Meteorological data and LST in continuous from 2013 to 2017 HETEROGENEUS AREA: During the
NGl — R . campaign, a large part of the crops

| ‘ | were already harvested with the

exception of maize, vineyard, sunflower,

orchards and forest nursery (1500 ha)

Case Study 3 : Barrax (Sapin)

€ 5 C ® Nonsicuo | 13117556138

aaaaaaaaaaa rams et

Airborne data: AHS ( 3m spatial resolution) VIS + NIR + TIR o Fm e e e e

VH2_ 020005 bO4W

Intensive field campaigns: 2005, 2009,
2011, 2012: (REFLEX) - EUFAR

(Timmermans et al. 2014)
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Irrigation scheme: on demand irrigation with central pivot sprinkler |/:

|
Balistic theory  Drop trajectory and application rate
Projectile Path of each droplet size
Ems o.0F
\/\/\/\/
|
g8 oc.on Overlaped water application .
< ooon Number of sprinklers: 187
o e ‘o “ e == = || Distance between sprinklers: 2m

Hour =

Simulated water distribution patterns of center (})lVOtS

1,23 [27th of May 2015]

Hour = 13:00

Hour =23:00

Application rate

Application rate

(mmih) Application rate

(mmh)

H 0.05

Water Distribution of the whole area Water Distribution of the whole area Water Distribution of the whole area

-0.05
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L L | L 1 L
1800 2000 2200 2400 1400 1600
x-Distance (m)
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N

25 July 9:30 UTC

I 22.00720025 - 25
I 25.00000001 - 28
[ 28.00000001 - 31
[ 31.00000001 - 34
[]34.00000001 - 37
[]37.00000001 - 40
[]40.00000001 - 43
[[143.00000001 - 46
[7]46.00000001 - 49
[ 49.00000001 - 52
[ 52.00000001 - 55
I 55.00000001 - 58
I 58.00000001 - 61

Ax=5m

LST AHS

RET
FEST-EWB calibrated

Considering all the available images

calibrated
MD(AHS -
MAE (%)| FEST-EWB) | MAD RMSD
¢ C
34 -0.9 1.5 2.1

Corbari et al., 2013 (1JRS)

Corbari et al., 2014 (AG)
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FEST-EWB PIXEL TO PIXEL CALIBRATION (Summer 2012)
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validation with fluxes from the
micrometeorological station

600

500

——observed
~@—FEST-EWB_calibrated

Sensible heat flux

400 -

300 -

—FEST-EWB_not calibrated

E
2
200 -
100 - ‘:.
0
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400
Latent heat flux i
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100 +%8 £ —
3 3 ¥

50
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| P3-corn from May to September 2014: SIM Strategy/@)" "

P3 — corn from may to september 2014

0,45 - - o
0,4

0,35 5
0,3

Irrigation/precipitation (mm/h)

4 mmmm [RRIGATION mmmm PRECIPITATION —— SM+irrigatio 20
0,05 ———SM-NO-irrigation = ----- Fc..... === WP

— —THRESHOLD sm-SIM strategy
o 25
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400
£
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o
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4
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1
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Area =420 km?2
Agricultural area= 40 %

Irrigation is made both from surface and groundwater (75 %)

RIS o R Irrigated area= 25 %
[ 7 VARIABLE 2011 2012 2013 2014 2015 2016
MAX
28 39 83 103
ok, ; (mm/d)
AN MIN (mm/d) 0.0 0.0 0.0 0.0
RSB Iieationt 02 0s 02 0z
S < Total Vol
L] e ST 6,00 2,87 7,58 2,60 10,74
Rk (Mmc/y)
Zhi S AN Raam 16% 29% 18% 26%
irrigated
I g Precipitation cum (mm) 3423 353.0 205.2 4408 2330 3736
0153 6 9 Classification Normal-
: Normal Normal Normal
(R.Haskoning report) Dry 2 20
Fig 3.60 —Irrigation network in Raam district
Mt seater t3ble el (tation 115 AQUIFER DEPTH with MONITORING WELLS
0 , . 15 chosen for groundwater level analysis
oil moisture 5cm ¢
0.4 1 % Legend
I
z (Wl
0.2 05 §
— 2 O  GW_Monitoring_wells
§. ) % Acquifer depth
g0 0 ¥ m NAP
3 - High : 14
o Water table depth *° -
04 -1
06 -1.5
3/21/2016 6/29/2016 10/7/2016 1/15/2017
SMSam[m3/m3]  wdepth 1o mater talle
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8| The SIM reanlysis dashboard

Raam Irrigation District: Land Surface Temperature

FEST-EWB is calibrated against MODIS LST images
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Heihe River (7% ) basin, PR China i s

" FEST-EWB LST calibration
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Calibration statistics (FEST v. MODIS)
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FESTEW v, ETmonitor average mn

Evapotranspiration difference [mm/d] FEST-EWB 0.990 1.202
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