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Objectives:
1. Implementation  of hydrological water balance model for water resources assessing 

2. Soil moisture monitoring using remote sensing thermal and microwave data in 
comparison to hydrological model

3. Wetlands dynamics and  biological ecological resources monitoring using remote 
sensing data (Lakes, middle Yangtze basin)

4. Floods watch with remote sensing and hydrological model”

Revised version of the project (2010): 
OBJECTIVES and DELIVERABLES

Deliverables:
• Evapotranspiration maps and relative soil moisture
• Discharge and flow duration curves at different river cross sections 



Time Table of the project

June 2011
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FEST-EWB: Flash – flood Event – based Spatially – 
distributed rainfall – runoff Transformation – including 
Energy - Water Balance

[Ravazzani et al., IAHS Publ. 313, 
2007; Rabuffetti et al., NHESS 2008; 
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FEST-EWB – distributed hydrological model by 
POLIMI  settings for Yangtze river basin
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Is it reasonable to use evaporation flux “measures” similarly to 
discharge measurements?
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J. Dooge( 1972), internal variables.  

Open problems :
1) Congruency between radiometric measurements and 

termodynamic equilibrium temperature

Hydrological models and satellite data: 
evapotranspiration flux monitoring over river basin 

surface



bare soil - Ta=13.4 °C - RH=0.47
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Finding an equilibrium temperature which is 
reppresentative of the heterogeneity of the 
termodynamic exchanges

Representative Volume

Corbari et al (2010) HYP, 
RSE subm.
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Distributed hydrological model for Remote sensing 
Interaction:   continuous soil moisture update with 

energy balance base on LST equilibrium temperature 
model.Soil water 

balance

Energy balance
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Upper Yangtze river basin: DEM and 
meteorological data

•Area:  1005500 km2

• Main lenght river: 2400 km

• Average Discharge: 13242 m3/s

•Cumulated annual rainfall: 816 mm

158 meteorological station 
(density= 0.02%)

2000-2010

Daily discharge
Yichang (30.66 N, 
111.23 E)
2000-2004 

 before three gorges 
dam construction

Daily data:
Air temperature

Rainfall
Air relative humidity

Incoming shortwave radiation
Wind speed

(Three Gorges Damn)

http://www.ncdc.noaa.gov/oa/ncdc.html

http://www.bafg.de/cln_007/nn_293894/GRDC



River network

Upper Yangtze river basin hydrological 
characterization: river network definition and 

Rainfall and Discharge regimes
Area Threshold : 400 km2
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1 Urban

 

and built‐up

 

land
2 Dryland cropland and pasture
3 Irrigated cropland and pasture
5 Cropland/grassland

 

mosaic
6 Cropland/woodland

 

mosaic
7 Grassland
8 Shrubland

Land cover: Envisat’s Medium Resolution 
Imaging Spectrometer (MERIS) instrument. ESA 
GLOB COVER 2009

Upper Yangtze river basin hydrological 
characterization: pixel  maximum storage

Soil Type
http://www.iiasa.ac.at/Research/LUC/External- 
World-soil-database/c

Pixel max water storage

z (m)
porositysoil
CNSz )( 1



1 Sand

2 Sandy clay loam

3 Clay

Upper Yangtze river basin hydrological 
characterization: soil parameters

http://www.iiasa.ac.at/Research/LUC/External- 
World-soil-database/c

Saturated conductivity
Wilting point
Field capacity
Residual water content
Brooks and Corey index

Handbook of hydrology

Soil type



Leaf area index

8-day 12-20 August, 2004

Upper Yangtze river basin hydrological 
characterization: vegetation parameters  LAI

LAI 1-km MODIS LAI used products 
are generated over an 8-days 
compositing period

][sectan 1
LAI

ceresisstomataMinimumrc

The link with Evapotranspiration



Methods tested in the Upper Po river basin where hourly data are available

Meteorological ground observations: from daily to 
hourly data for remote sensing LST comparison

Air temperature (method 1)

Accuracy of hourly air temperatures calculated from daily minima and maxima. Reicosky et al. 2000

For 0<H<RISE and 14:00h<H<2400h
T(H)=Tave +AMP(cos(pH’/10.0+RISE)))
For RISE<H<14:00h
T(H)=Tave -AMP(cos(p(H-RISE)/(14-RISE)))

RISE=Time of Sunrise [h]
T(H)= Temperature at any hour
H’=H+10 if H<RISE
H’=14 if H>14:00h
Tave =(Tmin +Tmax )/2
AMP=(Tmax -Tmin )/2

RMSE=2.3°C ME=1.7°C



Methods tested in the Upper Po river basin where hourly data are available

Meteorological ground observations: from daily to 
hourly data for remote sensing LST comparison

Incoming shortwave radiation (Method 4)

Accuracy of hourly air temperatures calculated from daily minima and maxima. Reicosky et al. 2000

RG = RE a0 (TDif ) 0,5

RG is daily actual global radiation [MJ/m2]
RE is daily extra atmosphere global solar radiation 
[MJ/m2]
a0 =0,153
TDif is daily temperature difference [°C]

RMSE=153.8 W/m2 Mean Error=83.1 W/m2



Meteorological ground observations: from daily to 
hourly data for remote sensing LST comparison

Precipitation
Available cumulative daily rainfall
and relative duration
[ 3 – 6 – 12 – 24 ] h

Average daily value
Relative air humidity

Wind velocity

Constant intensity for 
assigned duration



1. Snow model calibration: comparison between snow area coverage from MODIS and 
FEST-EWB
2. Land surface temperature comparison among FEST-EWB model, MODIS & AATSR  

1. LAND SURFACE TEMPERATURE  maps
2. Evapotranspiration maps
3. Discharge and flow duration curves at river cross sections

FEST-EWB model calibration 2000-2004 

Outputs

MODEL spatial resolution = 5 x 5 km
Model EWB temporal resolution = 1h
Channel routing temporal resolution =0.25 h
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Mean Annual precipitation (mm) [2000-2010]

Snow percentage (%)

Upper Yangtze river basin: rainfall and snow 
spatial and temporal distribution
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FEST-EWB snow model calibration

MODIS (Moderate Resolution Imaging 

Spectroradiometer) on board Terra and Aqua satellite

• Years : 2000-2004

• Months : from September to April

• Number of images: 50



MODIS (8 November 2001) FEST-EWB (8 November 2001)

Upper Yangtze river basin: comparison between 
MODIS and FEST-EWB snow area coverage
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AATSR ENVISAT Gridded Surface Temperature 

(ATS_NR__2P)

• Spatial coverage: 90 N , 90 S , 180 W , 180 E
• Data type: optical/multi spectral radiometry  
low/medium resolution
• Resolution: resampled 1 km x 1km along track

IMAGES:

•Months: from July 2002 to December 2004

• Number of images: 150

Georeferencing [ BEAM Program ]

Envisat images are insufficient to cover 
the period of interest

Completed with MODIS/Terra LST daily L3 
global 1km sin grid v004

IMAGES:
• Years : 2000-2004
• Months : from January to December
• Number of images: 300

Land surface temperature from remote 
sensing: AATSR and MODIS data



AATSR

FEST-EWB

MODIS

Comparison between LST from MODIS and 
AATSR and RET (18 August 02 -11:12am) - DAY

K
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Dev. 
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AATSR

FEST-EWB

MODIS

Comparison between LST from MODIS and 
AATSR and RET (18 August 02 -11 pm) - NIGHT

K
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Comparison between LST from MODIS and 
AATSR and RET (2000-2004)

MEAN=1.84 °C
DEV Standard = 2.2 °C

MEAN=5. 02 °C
DEV Standard = 2.9 °C

Difference 
between FEST- 
EWB LST and  
MODIS (2000- 

2004)

Model RET are on 
average 1.8 °C 

higher then MODIS 
LST, and 5 °C 

higher respect to 
AATSR.

Difference 
between FEST- 
EWB LST and 
AATSR(2002- 

2004)



Comparison between RET and 
evapotranspiration from FEST-EWB 

Evapotranspiration

Land surface temperature
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Discharge and volume control: CONTINUOUS 
SIMULATION at Yichang

Daily discharge
Yichang
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 before three 
gorges dam 
construction
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Flow duration curves at Yichang for water 
resources management

Some problems ON baseflow

ONGOING CALIBRATION
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for hydropower and agricultural potential use for river cross section of interest.



CONCLUSIONS… “working in progress”

Land surface temperature and evapotranspiration fluxes  estimates 
from satellite data can be a promising tool to be used in synergy with 
traditional discharge measurements  for improving  mass fluxes at 
river basin scale:  a step forward the quantification of  the “internal 
variables” of the hydrological model (Dooge 1972) .

Recent papers (http://geoserver.iar.polimi.it)

1. distributed maps of  evapotranspiration from the hydrological model and 
satellite thermal infrared 

2. continuous soil moisture updating for flood forecast and irrigation time 
management, eventually SMOS data comparison.

3. Flow duration curve in different river cross sections 

4. Wetlands dynamics modelling and interaction with ID5264 (Hervè Yèsou)

5. Interaction with Drought Monitoring and Hydrology projects

Next year activity: 
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