f.;'s‘.

= SGeoinformatics for nourishing drylands

Spurring Geospatial Opportunities in

Innovation, Investment, Intervention and Impact
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drylands in the
developing countries

Drylands at a glance

Global perspective

Cover 41 percent of the Earth’s surface

« Support 30 percent of the world’s population

« Support 50 percent of the world’s livestock

« Grow 44 percent of the world’s food

« Home to 93 percent of the world’s undernourished people

« Prevalent chronic poverty — with 400m living on < USS1 per day

« Drylands lose 23 ha per minute to drought and desertification —
a loss of 20 million tons of potential grain production every year.

DRYLANDS
VALUE

Grain Production and Consumption in MENA
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Science, Technology &
Applications

Geoinformatics

GeSTA

Agro-ecosystems
Environment
Climate Change
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Spatio-Temporal Resolution vs. Applications

LICOIOEY
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Advanced Sensors and Tools: Hyperspectral,

Multispectral, Thermal, Ultraspatial

Big Data + ICT=GeSTA
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High Speed Geo-
Computing and Archiving

ICARDA Geo-Cyberinfrastructure Facility

Large Format HR Computing Servers

printing and scannlng a
2xCPU (12 Cores) AP

8 Cores CPU
512 GB RAM — G 32 GBRAM
linux CE \Win2012
GeoAgl GeoAg2
B
le Cores CPU
AgUAV B 48 GB RAM
[HperSpectral, S \Vin 2012
opte, T Linux (250TB)
Field Equipment m Data Storage 50
= Processing 110
“ Web Services 80
Windows (250TB) HPC MSHPC2012
[Hyperspectral, HH2, SE- Centralized Storage & Access

3500, NDVI Camera, Green
Seeker, GPS Cameras, HH
GPSUs, Field Data Kits, etc.]
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EO Matrix at Farmscape to Landscape

Example of One Sensor in each Platform/Scale

Platforms
Mode Hyperspectral |Multispectral Optical LiDAR Optical LiDAR SAR
" Sensor ASD FieldSpec MxCamera | APs/UAVs Lidar WorldView-2 Landsat MODIS ICESat* PALSAR
© é 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
-5': 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
s Plant biomass X X X X x x
% Plant height X X
= LAI, fPAR, LST X X X X
@  INDVI, EVI, LSWI X X X x
Erosion, Salinity x X x X X X
s Soil moisture x X x X X Leaf Area Index 4 >
§ Chlolophyll x x x X x NDVI -
'§ Nitrogen X X X x
@ |Phosphorous x x \) x
Plant water X x x X
% § GPP X X X X
a *|NPP 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
-E DEM x x x x x x
E Derivatives x x x x x
Tier 1 AQIs X X X X X
@ [Tier 2 action sites X X X
S |Tier3Aezs x x x
Tier 4 Target X X X




. . Scaling Trade-on/offs
EOS In AgnCUIturaI RDO Farmscapes to Landscapes

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

Satellite Multispectral resolution (m) B,s Swath width (km)

VNIR (Visible Near Infrared) VIR (4)

ACTIVE SATELLITE SENSORS AND CHARACTERSTICWSﬁ(

Nnienma( -X 22 G, R, IR

%
BILSAT-1 26 (12) R,B, G, IR, P
ALSAT-1 G, R, IR

EO-VALI-MS 30 B (2. G, R, IR (3), SW (2), P 37

ASTER (15m) 15, 30, 90 G, R, IR (2) SW(E), TIR (4) 60

20 (10) G, R, IR, SW, P

G, R, IR, IR

G.R, IR 60
Satellite Resolution

SRS Spatial (m)* Temporal (days) Spectral (Bands)

Swath (km)
Landsat 5/TM 30, 120 B, G,R, IR, SW, SW, TIR 185

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

“~<.Radar Satellites

*=Resolution in parenthesis is panchromatic
+=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



<L Integrated Earth Observation System

CGIAR

Multi-sensor and multi-scale observations
of carbon (biomass, yield), water (WUE,
WPM), and surface energy fluxes (GxE, stress)
at pixel to landscape scales

Productivity of Croplands, Grasslands,
Livestock and Trees Based Systems
Quantification of Traits/integrated Breeding
Land Degradation and Desertification
Extreme Events, Climate Change and Resilience
#ICARDA




Droughts in Drylands Drought in middle east is

and the consequences and conflicts worst of past 900 PACIE

Conflicts and r

Precipitation trend and history of droughts with 3-year tendencies

200 population population ICARDA Station
450 12.11 million 22.28 million Tel Hadya
GPC Gap:30MT GPC Gap:70MT
400 E
<2
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350 Z_() @
300
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200 s
35-year 1990s 2010s
150 pluvial drought drought
y| 100 NG
¥ 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
& I—— Long Term Average Moving Average = —<— Annual Rainfall ~ ------- Linear (Annual Rainfall) (Biradar, et al., 2016)
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Global Drylands and CGIAR tropical and non-

tropical drylands
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rainwater per capita
Green Water Resources T —— -

Anﬁﬁal average monthly

. ‘z' -‘_,

43 ramwater scarmty,

Mekonnen and

Rainwater/Capita

Hoekstra Sci Adv 2016 SCONA , .
I < 10,000 N 7 i R
71 11,000 - 50,000 A o b ) The

" [_151,000 - 100,000 : =
["1110,000 - 500,000
I 510,000 - 1,000,000 \
B > 1,100,000 Pav

Two-thirds of the global population (4.0 b)
live under severe water scarcity and all most
all of population in non-tropical dry areas.



Increasing deviation
from long-term averages

Changing Water Balance

i'ﬂ;_—' “ g ‘-“‘ i: o TN
i ;’:\.‘:.,‘/ - u

ETa Anomaly (%) [ r
. <50 70-90 110-130 >150 e e
A e 50-70 90-110 130-150
Kilometers e Large fluctuation in water balance

T T 1T
0 800 1,600

ICARDA-GU®2015

* ¢ C(Climate variability and extreme events
* Crop rotation and economic drive

14 e Depleted soil organic carbon



Inclusive-Integrated Agro-Ecosystems

Pastoral Agrostoral Rainfed Tree-based Irrigated

Increased land and water productivity while safe guarding
the environmental flows and ecosystem services

- more crop per drop -wateris foc
o L
-in a inch of land and a bunch of crop . sid srstoms

Knowledge based prioritization (space & time) better
strategy for intervention, implementation and impact

Eco-Crop Zoning

Water Use Efficacy - food and environmental security
Conservation Practices - - cooperative and collective actions
Adoption/Adaptation - trade, social security and stability

Scaling Technology
gICARDA

| 15



Image Based, Open Source
Precision Decision at Farm scales

Digital Agriculture Platform

Timely-Access-Application-Trading
(TAAT)
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Citizen Science and Community RS _
Field Data Collection
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Quantification of Agricultural Productivity
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Crop types, sequence and productivity

Mapping crop types, sequence and water use
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National Food
[ Security Economy
and State

Household Food
Security: Households
and Individuals
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‘ i Policies and
Interventions
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http://www.arabspatial.org/iraq
http://www.arabspatial.org/iraq

Mediterranean Sea_/,/v"\/

Adoption and out scaling of
Innovative Technologies:

* productivity
* employment
* enterprise

Algeria

Suitability class Area (km2) Population Density

40,956 10,021,600 243

| Medium suitable 28,870 5,081,674 174
Low suitable 24,083 2,929,224 122
Not suitable 576,076 9,471,688 16
Legend
Mauritania ' Suitability [ ] Region
I High District
{ ; Mali : ! Medium
f = 0 200 400 800 Kilometers | i

| 1 L 1 1 1 1 1 -

Rk
= |
l('ARK}&l' ©2015 1cm =90 km 1-9.000.000 - Unselt,?b,le



Measuring Impact of Successful interventions
Soil Salinity, Dujaila, Iraq

B -4 dsim
P 4-8dS/m
B s -16 dS/m

16 -32 dS/m

B - 32ds/m

2010

B -4 dsim
P 4-8dS/m
B s -16 dS/m

16 -32 dS/m

B - 32ds/m

April 2013

Yield Increase
1.92to 4.0 t/h




Geoinformatics in Sustainable Agro-Ecosystems

geoagro.icarda.org
* Ag-Intensification

* Digital Agriculture
 Wheat out-scaling

* CA Adoption

* Thematic Research

e Cereals-Legume System
* Pests & Disease Risks

* Land Degradation

* Crop modelling

* Watershed management
* Climate Change

e System Modelling

* Big-data Analytics

4ICARDA

Sannce fod Satier Lsihoods in Ory Arvas



http://geoagro.icarda.org/india/
http://geoagro.icarda.org/ca/
http://geoagro.icarda.org/en/research/details/SARD-SC
http://geoagro.icarda.org/en/research/details/CANA
http://geoagro.icarda.org/en/research/details/BIGM
http://geoagro.icarda.org/en/research/details/EU-IFAD-CS
http://geoagro.icarda.org/en/research/details/Pest+&+Diseases+Risk
http://geoagro.icarda.org/en/research/details/crop-modelling
http://geoagro.icarda.org/en/research/details/Watershed
http://geoagro.icarda.org/eatlas/

