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Thematic Focus 2 1CARDA

Multi-sensor and multi-scale
observations of carbon, water, energy
and greenhouse gases fluxes
at farmscape to landscape scales

to address issues related to

Productivity of Croplands, Grasslands and
Livestock and Tree based systems

Land Degradation and Desertification



Key Questions
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1. What and Where are those degraded lands?

v' How much, where, and what magnitude?
v' What is dominant patterns, trends, and scale?
v' How to prioritize and delineate hot spots?

2. What is the economic cost in loss and recovery?
v' How much are we loosing? What is the cost of
reclaiming? How to reduce the assumptive estimates?
v' How to assess impact of program failures/success?
v' What are key drivers, shocks and ecosystem services?

3. Where are the positive and negative dynamics?
v' Where are the low hanging and not reachable fruits?

v" What we can achieve in short/medium/long term?
v" What agricultural livelihoods systems (ALS)?
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Area Population

Ry gges (m km2) (m people)
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actual/potential
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Varieties/

Production Systems
vis-a-vis
Satellite Sensors



Earth Observation Systems for Agro-Ecosystem Research  Medium resolution (5 - 30 m)

Satellite Multispectral resolution (m) B,s Swath width (km)
rSteRGOGO
SATELLITE AND SENSORS CHARACTERSTICS it = b il
TIR (Thermal Infrared 60 TIR (5) 60
WFI 260 R, IR 890
co =0 BeRR  us
IRMSS 2.7) P- 27

Niieriasa(-x 22 G.R, IR =

Deimos-1 22 G, R, IR 600
Ucomezsive o oRRem
BILSAT-1 26 (12 R, B, G, IR, P 640
ALSAT-1 32 G, R, IR 640
Geovcecoue = SRR e
EO-1/ALI-MS 30 B (2). G, R, IR (3), SW (2), P a7
Eouwpeion 3 zovass 11
ASTER (15m) 15, 30, 90 G, R, IR (2) SW(6), TIR (4) 60
SPOT-4 20 (10) G, R, IR, SW, P 60
', JERS-1 24 (18) G, R, IR, IR 75
SPOT-1 20 (10) G, R, IR 60
i Resolution
:alelllte Swath (km)
ensors Spatial ()" ) Spectral (Bands) Landsat 5/TM 30,120 B, G,R, IR, SW, SW, TIR 185
GEoEvE:r  ieseay 1 BGRRP ]2 RessoLt s omm a0

IKONOS 3.2(0.82) 14 B.G,R, IR, P 113

\ .
\ Low or Medium
resolution

PLEIADES-1B 3(0.5) 1 B.G,R, IR, P 20

WorldView-1 (0.4) 12 P 176

CARTOSAT-2 1 5 P 9.6

CARTOSAT-2B <1 4 P 9.6

KOMPSAT-3 2.8(0.7) 14 B,G, R, IR, P 16.8

OrbView-3 4(1) 3 B,G R, IR, P 14

4 1CARDA

*=Resolution in parenthesis is panchromatic Science for Better Livelihoods in Dry Areas

+=Bands: B-Blue, G-Green, R-Red, IR-Infra Red, C-Coastal blue, Y-Yellow, SW-Shortwave Infrared, M-Mid infrared, P-Panchromatic, H-Horizonal, V-vertcial
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Quantification and Characterization

Platforms
Mode Hyperspectral |Multispectral Optical LiDAR Optical LiDAR SAR
" Sensor ASD FieldSpec MxCamera | APs/UAVs Lidar WorldView-2 Landsat MODIS ICESat* PALSAR
© § Spectral 350-2500nm 4 bands 3-4 bands 1264nm 8 bands 7 bands 7/36 bands* 1264 & 532nm L band
§ § Spatial resolution 0.1-1.5m 0.1-0.2m 1-m 20 - 80cm 0.46m Pan; 15m Pan;  250m, 500m, 70m 10m, 20m,
2 E 1.84m MS 30m MS 1000m MS 100m
-'=: Swath 1-4m 2-10m -- 1-2km 16.4km 185km 2330km 35-250km
Revisit -- -- 3-year -- 1.1days 16 days 1day 91 days 46 days
B Plant biomass X X X X x x
2 Plant height x x
= LAI, fPAR, LST X X X X
@ INDVI, EVI, LSWI X x X X X
Erosion, Salinity x X x X X X
s Soil moisture x x X x X X
g Chlolophyll X X x X X
'§ Nitrogen X X X x
@  |Phosphorous X X x
Plant water X x x X
o
_":_ .§ E:Z x x x x
a X X X X
land cover/use X X x X X X X
phenology X X X X X
Irrigation X X X X X X X
= DEM x x x x x x
§ Derivatives X X X x x
Tier 1 AQIs X X X X X
Tier 2 action sites X X X
Tier 3 AEZs X X X
Tier 4 Target X % %
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GPP=APARXLUE
(Moneiha o2 Satellite-based
vegetation indices

I I
APAR=FPAR ;nopy* PAR APAR=FPAR;x PAR

Vegetation Climate
FPAR anopy FPARy, - types (T, PAR)
(NDVI, LAI) (Chl, EVI)
CASA a q
(Potter et al., 1993) Vegetation Photosynthesis and
GIoPEM Transpiration Models (VPM/VTMs)
(Prince et al., 1995) VPM | | | |
(Xiao et al., 2004a)
TURC » .
(Ruimy et al., 1996) 1 Gross ar.ld net primary In-situ
3-PGS (Sims et al., 2006) production (NPP/GPP)
(Coops et al., 1998 - —
PSN GR
(Running et al., 2000) (Gitelson et al., 2006) - Seasonal and annual dynamics of
C-Fix - prod. and land degradation
(Veroustraete et al., | (Wuetal, 2010) B
2002)
EC-LUE
(Yuan et al., 2007) (Dong et al., 2015) Web Apps'and Tools
geogaro.icarda.org

drylandsystems.cgiar.org



g.-aﬁ&é?Structural and Biochemical Perceptive of Vegetation:¢ [CARDA

CGIAR

Structural perspective --- canopy cover and leaf area index

Normalized Difference Vegetation Index (NDVI)

NDVI = pnir_pred
/Onir +1Ored

Biochemical perspective --- chlorophyll & water

Enhanced Vegetation Index (EVI) Leaf Area Index
Onic — NDVI

EVI =G x nir red
Prir T Cl X Pred _C2 X Poiue T L

Land Surface Water Index (LSWI)

LSWI — pnir -IOSWir
pnir +pswir
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O Bad observation
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O Bad observation
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gﬁ% Spatial-pattern of Vegetation Phenology ICARDA
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LSWI>=0 with frequency of good quality during Desert (all LSWI <0 without the disturb of
LST-5 based growing season cloud during LST-5 based growing season)
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Hot spots of land degradation?
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%Jg Dynamics of Productivity Under Changing Climate - ICARDA
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%Jg Dynamics of Productivity Under Changing Climate - ICARDA
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<L Starting date of Growing Season
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CGIAR LSWI>0 with LST 5°C
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Annual Cumulative EVI
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EVI with LST 5°C
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EVI with LST 5°C
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Kilometers
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at higher spatial scales

|:| Agriculture/Orchards

|:I Partially vegetated

2 |:| Shrublands

- Moutain forest

|:I Mountain grasslands

|:| Mountain forest, open f

- Water

ki
] - Settlements

|:I Bareland/rocks
|:I Snowl/ice

o .
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0 _ ——— Inter and Intra Field Variability ,

Yields above
three year average

—Average

- Yields below

three year average
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%%Productivity Gaps & Economic Impacts %@%ICARDA
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Inter and Intra Field Variability
. WPMRice (kg/ma)

l Rice < 0.05
%‘/

Rice > 0.5

: WPMCotton (kg/mg)

STy Cotton < 0.05
i -9 e B ﬂ'

Cotton > 0.5

WPMWheat (kg/mg)

Wheat < 0.05

|

N

e

Wheat > 0.5

Water productivity (WP) is defined as the kg of yield WP of Cotton 0.42 kg/m3  0.50 USD/m?3

produced/m?3 of water used or, alternatively, as valuein S | WP of Wheat 0.60 kg/m®  0.33 USD/m3
of yield produced/m3 of water used. WP of Rice paddy 0.50 kg/m3  0.10 USD/m3



Remarks and Way forward

CGIAR
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e EVI/CHL based approach

* Highly scalable (spatial and temporal)- ¢ | '] /\/\ VY\ \ e | 8
E ,56‘_ // L @ y £
up and out scalmg f o ///.\D/-n-/":j J/ 5 M - w €
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* Bottom up approach - grassroots K/ Mo
* Good validation source for the topto N ﬁ N, o, WAA
bottom schemes ol MY ,\MA‘\// i
. . E;;’ 0.2-}. Ala
* Betterintegration- system approach ¢ W

* |nter and intra- seasonal flux
e (Quantifiable- intervention impacts

* Itsjust beginning

* How this could link to ELD initiative?

* Improve simulation, validation and
verification at farms/landscapes

* Lack of flux towers in the region

* Need refinement of LULC specific LUE




Agricultural Livelihood Systems

Pastoral Agropastoral Rainfed Tree-based Irrigated

Thanks you

RN N Chandrashekhar Biradar, PhD
OO - Principal Scientist (Agro-Ecosystems)
Head-Geoinformatics Unit

c.biradar@cgiar.org
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