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THERMOGRAPHY OF THE EARTH
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Pressure on water supply for irrigation ! L )
pp y g Rapld Increase Of water consumptlon

Cubic km per year Forecast Forecast Forecast
3 200 -
(< 1ary renewable and 2ary freshwater resources) Agriculture Domestic use Industry
2 800 A
Municipal S
Source FAO Municipal 3% Industry
403" 2000 A
10% L
1600 A
Industry 1200 -
20%
800
400 4
; Agriculture o ~L L L EN . =1 | I |
Agrlcu“‘ure 930;1: 1900 1925 1950 1975 2000 2025 1900 1925 1950 1975 2000 2025 1900 1925 1950 1975 2000 2025
?ﬂnfﬂ - Extraction - Extraction - Extraction
o - Consumption i Consumption || Consumption
water WIthdrawals water COI‘ISUI‘I"IFItIOl‘I The grey band represents the difference between the amount of water extracted and that actually

consumed. Water may be extracted, used, recycled (or returned to rivers or aquifers) and reused
several times over. Consumption is final use of water, after which it can no longer be reused. That extractions have
increased at a much faster rate is an indication of how much more intensively we can now exploit water. Only a
fraction of water extracted is lost through evaporation.

Source: Igor A. Shiklomanov, State Hydrological Institute (SHI, St. Petersburg) and United Nations Educational, Scientific and
Cultural Organisation (UNESCO, Paris), 1999.

Agriculture : irrigation, livestock, aquaculture

Industry  : drainage, wastewater, cooling, etc Trends in water use by sector (UNEP)
Municipal : public distribution network, etc (http://www.unep.org/dewa/vitalwater/article43.htmi)
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Increasing scarcity and deteriorating quality of the water resource

Proportion of total water withdrawal

) ) Part of cultivated area under irrigation
withdrawn for agriculture 8

\ry Food and Agriculture ” I "
/%) organization of the Part of cultivated area under irrigation
United Nations

&/n\ Food and Agriculture Proportion of total water withdrawal withdrawn for agriculture
'Y} Organization of the
United Nations

Agricuttural water withdrawal as percentage of total water withdrawal for agricultural, municipal and industrial purposes

Scale ca. 1:140 000 000 at the equator

Scale ca. 1:140 000 000 at the equator 2
A Beographic Projection, WGS 1984 A Geographic Projection, WGS 1984

Legend FAO - AQUASTAT, 2015

Nodata [ )<= [ -5 [ - B -« | B

Legend FAO - AQUASTAT, 2015

20% arable land irrigated — 45% food production (FAO)
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1 Change in temperatures

Change in rainfall regimes

Global scale
Regional scale

Plot scale

-

Surface temperature
and its dynamics

N
Q TRISHNA [

<:> of water

Optimized
management

T

\ EvapoTranspiration

= Evaporation of water

from soils
= Transpiration of plants

= | ocal climate

/

Frequent AND high-resolution measurements
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Computing EvapoTranspiration with remote sensing data

5 days
10m

8-16 days ®, 100m
» several rainfal events can occur in 16 days
» need for early stress detection

SPOT

LANDSAT ASTER

SENTINEL-2

LANDSAT 7-8-9
SENTINEL-3

MODIS

_y daily, 1km ®
» several fields within a km pixel

Vegetation development
(vegetation indices NDVI)

Existing methods have some limitations:

Surface temperature as a
signature of water stress

= Water budget large uncertainty on
surface parameters and water inputs

|Energy bUdgetl = Energy budget: disagreggation from
lkm to 100m with NDVI as scaling
factor assumes unstressed vegetation

| Water budget |

Irrigation
inversion

- energy balance models must be forced

Maximum ‘ Actual at 100m scale every day or so !
EvapoTranspiration EvapoTranspiration
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O ISRO/CNES cooperation, launch in 2025

[ Scientific & operational applications
U Focus on ecosystem stress and water use

U Global coverage

Learn more about TRISHNA !
https://labo.obs-mip.fr/multitemp/trishna

https://trishna.cnes.fr/en

1 4 TIR bands + 5 VNIR bands + 2 SWIR bands
[ Revisit : 3 acquisitions at equator per 8 days period

761km-8day orbit reducing hot spot constraints in intertropical zone
O + 34° scan angle, 1030 km swath
(1 Nadir spatial resolution (VIS-NIR-SWIR-TIR):
57 m for continental and coastal areas, binned at 1 km over open ocean
1 Overpass time : 1 PM and 1 AM (+/- 15 mins)
(1 NeDT 0.2K

science & application teams

(*) with other contributors

 Free and open data policy for worldwide scientific community

A Indo-French®) Joint Science Team, synergies with ECOSTRESS, SBG, LSTM



https://labo.obs-mip.fr/multitemp/trishna
https://trishna.cnes.fr/en

TRISHNA

TRISHNA and Ecosystem stress Gilles Boulet / CESBIO et al. ISRO-IISC-IIT-Other Academia
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Evaporative Stress

Area What is at stake What TRISHNA brings mlndexems
= Optimize irrigation ETR
Irrigated Agriculture = Manage consumption of water
- g = Arbitrate water savings
i b = Additional irrigation STRESS
Rain-fed Agriculture U.S. Drowaht Momitor s
. J = Monitor droughts and their rought ontor
impact on yield SN : "‘*
a ™ = “
Ecosystems = Diagnose vulnerable areas (fire, TEMPERATURE %,
& ) drought, frost, etc)
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Multi-layer transfer Models Single- and two-source resistance schemes
(MuSICA, SCOPE) (Kustas et al., 2009)
Ogée et al., 2003 Ras : soil-air aerodynamic resistance
Van der Tol et al., 2009 Rac : vegetation-air aerodynamic resistance
Tsol : ground temperature
TC :canopy temperature
Hs :Sensible heat flux from the ground
atmosphere Hc :Sensible heat flux from the canopy

Water Deficit Index model estimates a stress
factor for a given point C according to temp.
limits A and B ( identified by range of vgt
coverage deduced from solar domain data)

Contextual methods
S-SEBI calculates an evaporative fraction at any point C
from temperature limits for each albedo class A and B

4 EF=CB/AB h

e LE=EF*AE WDI=AC / AB

= 2
g % WDI=1-LE/LEp
2 LE: latent heat E i =
5 flux 3 g a6 LE: latent heat flux
: EF: evaporative :':’ = i WDI: water deficit
E fraction - index
g AE: available § Lep: LE in potential

energy 8’ a0 conditions
>
L 0% > ° 3 3

Roerink et al., 2000 oran et al., 1994
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* Surface Temperature Initiated Closure (STIC) 1s an analytical model (Mallick et al, 2014) that introduced
LST in Penman - Monteith Formulation to simulate latent heat fluxes (AE)

* Belongs to the family of remote sensing-based models of net radiation and heat fluxes. It uses as inputs LST,

albedo, NDVI. It 1s eligible for large-scale application ,
Modified from

Penman-Monteith
Clear-sky Net radiation (R,) model Jormulation

s + pc D
—_ N 1E = ¢ + pcpgpDy
R, s+y(1+@)

ds

Large-scale outputs

Large-scale inputs

A) Satellite-based land
surface variables:
Insolation
Land Surface Temperature (T,)
NDVI
Albedo (og)

Reference height
2/

Surface Energy
balance

STIC Surface
Layer turbulent

, ' ;‘ ; | l . ___‘_________. _____ Vi _cg_cl_al_ifln_syrfacc
d
| Sl
Soil surface
mm) 'G'.
-l Soil heat flux (G) model

Latent heat flux (LE)/

Evapotranspiration (ET)

Sensible heat flux (H)
(i)  Weather Research and Forecastin,
(WRF) maodel
Air temperature (T,)
Relative humidity (Ry)

Evaporative fraction(A)

I
I
I
I
Rn =H+AE+G : B) Meteorological forcing:
I
I
|
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2°E 76°30°E 81°E 85°30°E 90°E 94°30°E
1 1 1 1 1

§ l L § Evapotranspiration
4 Km ET 1KmET (mm day?)
= w
Evapotranspiration ] g 1 Mask/Cloud Cover
from INSAT (mm day?) 3 Z Bl 0105
1 Mask/Cloud Cover = ] B 05-1.0
B 0105 ™ = 015
B 05-1.0 = N CJ 1520
[_BESE 8 g Bl 2025
1520 b . 2.53.0
I 2.0-2.5 z H 3035
Wl 2530 = z B 3.5-4.0
B 5035 " . o
B 3.5-4.0 8 d [ 4.0-4.5
B 4.0-45 o = Bl 45-5.0
[ 4550 . g [ 5.0-55
17 March I £15055 S W Se——— —
i I 5.5-6.0 1ZE 76°30E E 85°30E  90E 94
2019 \ B 6.0-6.5
% B 6.5-7.0 17t June 27" August 12t March

Pre-sowing soil Rice crop Wheat crop
operations

Bl 1920 N 2526

12022 M 2627
- 2.2-2.3 - 2.8-2.9

2324 [_] 2930

8 Km (Kalpana-1)] /Indian 35% 0 2425 [ 3132
geo. B 3233 g 3839
4 Km (INSAT 3D) satellites 25% B 3334 I 3940
Bl 3.4-35
1 Km (MODIS) 20% ] :_r;:g

65m (ECOSTRESS) 12%
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Sensitivity of flux retrievals to
direction of view is reduced

Irrigated wheat (Morocco)

800

Est. with
— oblique
TB

o

sparse ’,,/ sparsed
600 |
400 |
2001
0|
2000 " )
200 0 200 400 600 800 200 O 200 400 600 800
|
Est. with nadir
Tg
SPARSE model SPARSE4 model

(2 sources, soil and veg)

(4 sources, sunlit/shaded soil/veg.)

transpiration [mm/day]

transpiration [mm/day]
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Improved LE partitioning

Orchard
a) Nasrallah 2014
] \' .5 AN
o5 NI
I ARTRAMER IR o S
L TA R M v R
& °€r“7"-‘gr“/ T o R
g -
r-.':’;.' : ® Observatlcn ¥ SPARSE4 + /SPARSE 5
0 50 100 150 200 250 300 350
DoY [2014]
b) Agdal : 2003
g
-.’”
MAETT T
i
& QObservation, * SPARSE4 + /SPARSE g
50 100 150 200 250 300 350
DoY [2003]
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Coastal & Inland waters Emmanuelle Autret / LOBS et al.

24 EUF . ,
; v . RUNIVERSITE

Area What is at stake What TRISHNA brings

= Mixing processes
r ) TEMPERATURE

Coastal Waters * Water Quality, algal bloom,
E J halieutic resource, spring

discharge (resurgence), REFLECTANCES
i N discharge of water, pollutants

Inland waters .
. ) » Ecosystem Productivity

(phytoplankton) INDICES

« Halieutic resource

Sea lce

» Melting and frost Processes
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Urban microclimate monitoring Xavier Briottet / ONERA et al. ISRO-Academia

2 2 2 extreme heat stress
Connection with population health, 2

very strong heat stress

comfort and safety

strong heat stress

_ Urban population: ‘moderate heat stress
: _ . e 2008: 3.3 Billions -
Rural Suburban Commercial Downtown Urban Park Suburban Rural
Residential Residential Residential  Farmland 2050: 5 B||||Ons no thermal stress
l Urban Heat Island (UHI)
slight cold stress
Alr Temperat'u re ThemeS: . T (Signif at 999 % CL)| mr.}dl['.ra'le (:ﬂ}d stress
Rugosity, Wind Hydrology, building { g
Radiative trapping heat model, urban | 7 PR o
ang . climatolo ST ! ! 2 pp A | strong cold stress
Impermeability of the soils gy B e —
. o « e AVHRR Aug. 9, 2003 UHI over

1 (siont st 99% L) Paris (Do usset, 2007)

1T (Signif at 99.9%CL)

very strong cold stress

UHI trend over Ahrn“edabad from MODIS

What TRISHNA brings: (Chhabra et al, 2019) ORIy
* High revisit, global coverage | Exogenous data
o SSILESIE + Remote Sensing data A ‘ UTCI : Universal
* Type of sail + urb icrocli | del Temperature thermal confort index
* Rugosity urban microclimatology mode ey Yoy
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Cryosphere Ghislain Picard IGE :

ISRO-Academia

Area What is at stake What TRISHNA brings T

Thermal ice thickness (m)
rSea e ice sheetsN * Snow-melt runoff and debris TEMPERA.TURE _ ‘. cover gIaAéierv
? ? thickness estimation (Noon-night) -r" i R ‘D
g ice caps ) x o
* Snow cover change & EMISSIVITY
Snow & Glaciers metamorphism at sub-watershed {»_'}:‘
scale
Permafrost & Snow and Ice
Seasonally frozen » Modelling snow energy fluxes Albedo
9 ground )

* Snow mass, Snow Water Snow cover
River & lake ice Equivalent (SWE), Snow depth
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Solid Earth ISRO-Academia
Area What is at stake What TRISHNA brings
e Thermal anomaly detection
e Mineral of coal & peat fire (location & (tmEo“g:i:zi::\-:J)RE
exploration direction), volcanic eruption

e Estimating Lava effusion rate 0 EHEE L Al

* Vocanology .
* Emissivity-based detection of ALBEDO

granitoids, RE etc.

* Soil
* Geothermalenergy
assessment

* Soil properties retrieval
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Measures RL model

Zenith

.. Satellite

o, 3 categories of hot spot model:

O 3D (urban, vegetation, ex: DART)
[Lagouarde et al., RSE 2010 and 2012]

Urban

O SCOPE 1D (multilayers)
[Duffour et al., 2015 and 2016a]

atmosphere

soil

O Parametric (Roujean-Lagouarde)
[Duffour et al., 2016b]

Maritime Pines

(crédit J.P. Lagouarde & M. Irvine)
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- Spatial/
| L el Temporal
“"Iﬂs_‘j_tﬂifaditd"fh‘eter ﬂ;RISHNA radiometer - differences
scale (5 m2) scale (60 m2) | can be of
several
degrees K !

. o e ]
E/ l | bt ﬂx ﬂu .| .m h I : — T A
= =3 ) 1A = === oy L - LY
Y YT WM(\J LT 2TV P ] B ey 1 [
' WMN " o) L N AL e o Y TN A PRSIV Y SAGSN FBV. w N R WTS
== P M , oA - L B N\ WAL L AL LAUTIR
o s A AL LA v Wi
oo Too =00 s 228 corace> “o° =00 soo =5 &= =552 =55 =5 === ==

Instantaneous satellite images must be compared to in situ small footprint field measurements
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Test Spatial/Temporal integration

Compare the TRISHNA Pixel with with several radiometers or using a
several in situ radiometer pixels UAV integrating radiometer

Initial results indicate that the UAV solution is extremely efficient at
reducing in situ measurement variability related to turbulence
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' Taous / /
- (Tunisia) -
S—— — Simplified Directionel 3D Directionel Upscaling
impli ’ ! Atmosphérictransfer
Evapotranspiration - Turbulence - P
Models Model
Upscaling
Re.lf»ea;ch Calibration ;’argete:
. - o Qua ity ata data esearc FLI R
: Quality data
. Nashik ty TELOPS
(India) — — —
A AY
LST Validation Sites ' LST Super-Sites LST Field Campaigns
Bias Downscaling Landscape scale
« 1  RwmsE <= = N
Correlation Signal integration TRISHNA footprint g
Nash criteria
\_Consistency  / \ J L J
Estampes

(France)

Coll. : NASA/JPL, ESA, etc
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