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NASA Harvest

NASA's Food Security and
Agriculture Program, led by UMD" "

Goal: enable and advance the
adoption of satellite Earth
observations to benefit food
security, agriculture, and human
and environmental resiliency
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Space for Agriculture

Know what, where, how crops are is growing- forecast and early warning of impending
failure and bumper harvests

e Increase production — EO improve the
accuracy and relevance of decision

support tools and
o Increases access credit and other financial
products
o Food Balance Sheets

e Improve supply chain efficiency
o Reduce losses, supply chain optimisation,
traceability and market performance
e Environmental resources management
o  Farm practices, optimize inputs while reducing
negative impacts,
e Resilience to climate change
o Early warning systems, inform mitigation and
adaptation










2019 Climate Hazards Group InfraRed
Precipitation with Station data (CHIRPS)
Rainfall March April May rainfall Anomaly

Source: https://earlywarning.usgs.gov/fews/ewx/index.html?region=af




May 9, 2019

2019 March-April Rainfall: Rank among 1981-2019

Data: CHIRPS 2.0 ﬁnal and prehmmary
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Kenya long rains rapid crop assessment updated September 24", 2019

Highlights

Planted area of the long rains maize crop in Kenya was significantly reduced compared to the previous year due
to delayed onset of the March to May rains and widespread drought over the marginal agricultural areas of eastern,
central, and coastal Kenya.

Long rains maize production outlook is estimated at 20 percent below the 2018 bumper harvest and 10 percent
below the average 2016 harvest.

In agropastoral and marginal agricultural areas of central, southeastern and coastal Kenya, long rains maize harvest
finished in August and production is estimated at about 50-60 percent below-average, with a near failure of the
harvest reported in [East Africa & Yemen: Maize 1 Map €6 Conditions:
southeastern areas (Figure 1). o -y

By contrast, in key growing ) X , A — s
areas of Rift Valley and western , [~
provinces, where the long rains ' =r
season (which normally extends ; Drivers:

from March to  August) K
improved rains from May %% A ' .
onwards, mostly offsetting ™ ey e
rainfall deficits and resulting in a - : ; . 50‘ u m
partial recovery of water- . J e | Maize 1 Calendar
stressed and late-planted crops.

Maize harvest over the West and

Rift Valley will begin in late

October to November and while

yields are expected to be SowChemel

average due to improved rains [ e e

from mid-May onwards (Figure
1), production prospects are
below-average due to a delay in

Figure 1. Kenya crop condition map summarizing conditions as of September 24" (source:
GEOGLAM CMA4EW). Note: updated crop conditions for Kenya will be published October
3 in the CM4EW October Bulletin.



' Drought affecting
Zimbabwe, central
and southern
Mozambique,
southern Zambia,
and parts of

Namibia, Botswana,

Lesotho, and
Angola.

Jan‘19 > Feb

Cyclone Kenneth- Formed April 21,

52 Fatalities, 2 $100 million in Damage
Affecting: Seychelles, Comoros, Mayotte,
Madagascar, Mozambique, Tanzania,
Malawi

.»"'\l
“ Flooding and landslides
2 5, fatalities dozens went missing

. » -
‘\‘\ on June 4, Eastern Uganda.
A

June > July > Aug

Cyclone ldai-March 4,
21,303 total Fatalities, |

= $2.2 billion in Damage
Affecting: Mozambique, Zimbabwe,

and Malawi

@ Crop Failure/ Poor \‘\

Harvest: Somalia,
Djibouti, Uganda,

Tanzania, South Sudan

War
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Desert Locust in Kenya, Ethiopia, Somalia,
Djibouti, Uganda, Tanzania, Sudan and Eritrea

==

Cyclone Pawan- made landfall Somalia,
just south of Eyl, late on December 6,
bringing heavy rain and mudslides to
the surrounding areas

Heavy rainfall, floods and

landslides
280 Fatalities,

= 2.8 million affected, In
Ethiopia, Uganda, Somalia,
South Sudan, Sudan,
Tanzania, Rwanda, Djibouti,

Burundi

COVID-19- First
Confirmed cases

Nakalembe, C. (2020). Urgent and critical need for sub-Saharan African countries to invest in Earth observation-based

agricultural early warning and monitoring systems. Environmental Research Letters, 15(12), 1-3.
https://doi.org/10.1088/1748-9326/abcObb




Earth Observations Data for Crop Monitoring

* NDVI anomaly * CHIRPS Rainfall anomaly * Soil Moisture anomaly
* Temperature Sum anomaly  * Evaporative Stress Index * Soil Water Index anomaly
* Rainfall Sum anomaly * Actual ET anomaly

https://cropmonitor.org/index.php/eodatatools/eodata/



https://cropmonitor.org/index.php/eodatatools/eodata/
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NASA Harvest Africa Program Priorities

l.

Improving monitoring and early warning systems that provide
actionable data and information on agricultural productivity and food
security at multiple scales,

Advancing methods that underpin the data and systems,

Developing and transferring capacity to national and local users that
influence decision making, and

Developing strong, long-term, sustainable partnerships
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EO Improves monitoring and early warning through systems that provide actionable
data and information on agricultural productivity and food security at multiple scales

. Tested, applied and used global systems

. GEOGLAM Crop Monitors

. Global Agriculture Monitoring System

. Harvest Covid-19 Dashboard

. Early Warning Explorer (Harvest Partner CHG)

- In Kenya, Mali, Rwanda, Tanzania, Uganda, IGAD countries,
Brazil, Argentina, Pakistan, and Globally

. Leveraging open access and/or easily customizable tools
that offer solutions to monitoring.

Nakalembe, C., Becker-Reshef, |., Bonifacio, R., Hu, G., Humber, M. L., Justice, C. J., ... Sanchez, A. (2021). A review of
satellite-based global agricultural monitoring systems available for Africa. Global Food Security, 29, 1-38.
https://doi.org/10.1016/j.gfs.2021.100543




MODIS NDVI (Terra) (MOD44 16-day) | LAMWO (Crops Only)
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Effective early warning and monitoring systems are fundamental for early
action and strengthening residence

AMIS Countries | |

Early Warning Countries |
AMIS and EW Overiap Countries
EW and IGAD ICPAC Countries  |li}
National Monitors (]
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Monitoring Smallholder Agriculture




EO + ML for cropland mapping

Crowdsourced data

Hand Labelled

One Acre Fund g 3

Piant Village s y A ] (b) In-season cropland probabil
” ) (a) Cropland probability map for Kenya (2019) for Busia county (2020)

P Ps

Kenya GeoWiki
classifier classifier

LST™M  LSTM

Kerner & Tseng et al,, 20

« LSTM = LSTM y - + LSTM




Cropland mapping and tree masking in Mali

Clustering of daily time series
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*K-means clustering of daily NDVI time series (k=2)




Yield Modeling with
Earth Observations



Yield Forecast/Assessment:
Global to National to Sub-national to Field scales

Global Scale National Scale Sub-National Scale
Forecasts within 3-5% error, 2 3-8% error 1.5-2 months prior 8-14% error 1.5-2 months prior to Field Scale Argentina/ lowa
months prior to harvest to harvest harvest

=610
NSE=0.71£0.05
Subnational winter wheat yield validation
. 3 12 z:
China wheat Ukraine Wheat Erore 5o
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Global Earth Observations for Crop Inventory Forecasting (GEOCIF).
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An automated system that produces alerts to
assesses crop conditions globally by applying
machine-learning algorithms on EO data




NASA Harvest Africa Program Priorities

l.

Improving monitoring and early warning systems that provide
actionable data and information on agricultural productivity and food
security at multiple scales,

Advancing methods that underpin the data and systems,

Developing and transferring capacity to national and local users
that influence decision making, and

Developing strong, long-term, sustainable partnerships
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Partnerships

Republic of Kenya
Ministry of Agriculture & Irrigation
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www.cropmonitor.org
("] @GeoCropMonitor

ECECOGLA

Global Agricultural Monitoring

a0’ Prepared by members of the GEOGLAM Community of Practice,
coordinated by the University of Maryland Center for Global
P o Agricultural Research and funded through NASA Harvest.
1, S
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w GROUP ON The Crop Monitor is a part of
EARTH OBSERVATIONS GEOGLAM, a GEO global initiative.
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Building Blocks
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Impact Examples



EARLY WARNING ¢

Embedding Knowledge
in institutions and
processes
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EQSUIPRORBED
IMMEDIATE DECISION
AND ACTION

+ Food security report presented to
Inter-Ministerial Committee
September 25, 2015

+ First trucks of relief food dispatched
September 26, 2015

KARAMOIJA FOOD SECURITY SITUATION
SEPTEMBER 2015



Disaster Risk Financing -Uganda

Cas1 Africa & Yemen End of Season Malze Map

e Relies on GLAM data and Early warning explorer to inform scaling the DRF program in Uganda.
e Has supported over 300,000 people in the Karamoja region
e  Government of Uganda realized a saving of US $2.6 M (51%) for FY ending 2016/17
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Trahs-Nzoia County,
May 2019 S13AM

Compare and contrast the same plot in May when it was
stressed by dro t and now when the farmer expects a X
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Over 12,000 farmers gain from
compensation for crop failure

*  The Kenya Crop Monitor is helping streamline data collection

*  Kenya SDA synthesizes crop conditions through a combination of field assessments and viinB®&
earth observation data. :

* Information about crop conditions is supplemented with climate outlook and market
information.

*  The resulting maps provide an understanding of crop conditions and drivers of less than
favorable conditions.

*  The service facilitates a crop modeling framework to assess drought and yields.

*  Supporting the Kenya Government crop insurance program by developing a
geospatially informed sampling frame.

*  The sampling frame

*  Over 70% cost reduction and reduced sampling time - increasing efficiency and
i = 7 ; = i In Summary By GITONGA MARETE

reducing bias in sample selection. Overall, the service supports enhanced food security o Vi s bl G I
decisions from the local to regional levels. ‘ '

—
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New Initiatives/ Projects

AGRA - Alliance for a Green Revolution in Africa

Oround trumh deta" [

Type of crop grown

Support to the development of a asd s pousaces
regional food balance sheet
covering major crops in AGRA
countries

Use Case— Regional Food Balance Sheet

EO-Farm

NASA Harvest, in partnership with the Swiss
Re Foundation, is developing EO-FARM: a
modular and scalable machine learning tool
supporting agricultural monitoring with Earth
observations.

8 24 ) O & =

Use Case— Insurance

Helmets Labeling Crops- Lacuna Fund

Use Case— Filling data gaps

Pipeline

Segmentation with Planet 3m resolution- Kenya

e Yield data

e Pest and disease impacts on
yield/production

e Field boundary delineation




EO Data and Systems Methods + Analytics Capacity + Experts Policies & Programs Impact

GeoWiki
cassifier

The National Policy
For Disaster Preparedness .
And Management




Thank you

Email: cnakalem@umd.edu

Twitter @CLNakalembe
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Helmets Labeling Crops- Lacuna Fund

Open labeled
imagery repository
|

1@ Open access of data
@d and derived products 5 ©) \

Al and ML use - Crowd crop labeling

data f ﬁwﬁ O
ata for crop maps

African universities Raw imagery storage
and local partners

Project Partners:

— ) Project Steps:
Rapid image collection

Use Case— Filling data gaps

Image collection drives

3.77m

Estimate distance to
each detection

Image pre-processing
(e.g., straightening)

' (.62° from N i
445 m

Get average distance and
image heading direction

Predict bounding boxes
around crops

Update image location (A)
with crop location (B)






