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Introduction

Weather and climate impacts are likely to worsen as climate change progresses, thereby exacerbating
vulnerabilities in most Sub-Sahara African (SSA) countries. Extreme weather events such as floods,
landslides, droughts and cyclones are common occurrence worldwide. Teleconnections show that large scale
events in one region can have significant impacts in other regions. For example, after Cyclone Idai made
landfall in Mozambique on March 15, 2019, it ravaged through Southern Africa, causing catastrophic winds
and flooding in several countries. Idai was identified by the UN as one of the deadliest storms on record
that occurred in the Southern Hemisphere. The cyclone caused an estimated 1 297 deaths, 2 262 people
were reported missing; it affected more than 3 million people in total and caused an estimated $ 2 billion in
damages [1]. A few weeks later (April 25, 2019), cyclone Kenneth made landfall in northern Mozambique,
and it affected 170 000 people, who were already experiencing armed violence [2]. Simultaneously, farmers in
Eastern Africa who had been anticipating good rainfall waited vainly for the rain. Idai removed moisture from
Eastern Africa at the onset of the growing season. Consequently, parts of Kenya and Somalia experienced
total crop failure [3]. Figure 2 summarizes the major events in Eastern and Southern Africa in 2019 and
their impacts.

Even with continuous weather forecasts by regional and national agencies, the updated information did
not reach the farmers for making appropriate decisions. In Eastern Africa, farmers sowed seeds and worked
in their fields in anticipation of good precipitation. Many farmers in Kenya faced losses as reported in the
end of season section of the September 2019 Crop Monitor for Early Warning report for Eastern Africa [3]
(Figure 1). The report confirmed poor and failed crops across multiple countries in Eastern Africa as a
result of the widespread crop failure and several countries needed aid [4]. Furthermore, the rainy seasons of
March–May and October–December are flooding and landslide seasons in Eastern Africa [5]. From October
to December 2019, flash flooding and landslides occurred in Kenya, Uganda, Rwanda, and Burundi, leading
to at least 265 deaths.

In 2019, the strong positive Indian Ocean dipole (IOD) led to the wettest October–November period on
record since 1981 in Eastern Africa. Rainfall in parts of Kenya, Somalia, Tanzania, Uganda, Burundi, and
Ethiopia was 300 % more than average [6, 7]. This increased rainfall led to increased green vegetation, even
in desert areas creating perfect conditions for desert locusts to breed. Cyclone Pawan, which made landfall
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Fi g u r e 1: ( a) 2 0 1 9 M ar c h t o M a y r ai nf all a n o m al y l e a di n g t o r e d u cti o n i n v e g et ati o n c o n diti o n s b y e arl y
J ul y s h o w n i n; ( b) N or m ali z e d di ff er e n c e v e g et ati o n i n d e x ( N D VI) a n o m al y fr o m 2 0 1 9- J u n- 1 0 t o J u n- 2 5
a n d wi d e s pr e a d cr o p f ail ur e a s r e p ort e d at t h e e n d of A u g u st i n ( c) T h e E n d of s e a s o n s e cti o n of t h e cr o p
m o nit or f or e arl y w ar ni n g r e p ort f or E a st Afri c a s h o wi n g cr o p f ail ur e i n C e ntr al K e n y a a n d S o m ali a a n d
p o o r pr o d u cti o n i n U g a n d a. S o ur c e G E O G L A M Cr o p M o nit or

J a n ‘ 1 9 F e b M ar A pril M a y J u n e J ul y A u g S e p O ct N o v D e c J a n ' 2 0 F e b M ar

D e s e rt	 L o c u st	i n K e n y a,	 Et hi o pi a,	 S o m ali a,	
Dji b o uti,	 U g a n d a,	 T a n z a ni a,	 S u d a n	 a n d	 E rit r e a

C y cl o n e	 K e n n et h - F o r m e d	 A p ril	 2 1,	
5 2	 F at aliti e s,	 ≥	 $ 1 0 0	 milli o n	i n	 D a m a g e
Aff e cti n g:	 S e y c h ell e s , C o m o r o s , M a y ott e ,	
M a d a g a s c a r ,	M o z a m bi q u e ,	 T a n z a ni a,	
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C O VI D -1 9 - Fi r st	
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C y cl o n e	 I d ai-M a r c h	 4,	
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Et hi o pi a,	 U g a n d a,	 S o m ali a,		
S o ut h	 S u d a n,	 S u d a n,	
T a n z a ni a,	 R w a n d a,	 Dji b o uti,	
B u r u n di

C y cl o n e	 P a w a n - m a d e	 l a n df all S o m ali a ,	
j u st	 s o ut h	 of E yl,	l at e	 o n	 D e c e m b e r	 6,	
b ri n gi n g	 h e a v y	 r ai n	 a n d m u d sli d e s t o	
t h e	 s u r r o u n di n g	 a r e a s

C r o p	 F ail u r e /	 P o o r	
H a r v e st:	 S o m ali a,	
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Fl o o di n g	 a n d	 l a n d sli d e s
≥	 5,	f at aliti e s	 d o z e n s	 w e nt	 mi s si n g	
o n	J u n e	 4,	 E a st e r n	 U g a n d a.

Fi g ur e 2: C o n c at e n ati o n of e xtr e m e e v e nt s i n E a st a n d S o ut h er n Afri c a i n 2 0 1 9

i n S o m ali a o n D e c e m b er 2, 2 0 1 9, f urt h er i m pr o v e d l o c u st br e e di n g c o n diti o n s f u eli n g t h e w or st i n v a si o n i n
2 5 y f or S o m ali a a n d Et hi o pi a a n d w or st i n 7 0 y f or K e n y a [ 8]. G o o d r ai n s l e d t o w et s oil s a n d v e g et ati o n
c o n diti o n s w hi c h w e r e f a v or a bl e f or t h e i n cr e a s e of l o c u st n u m b er s t hr o u g h c o n c e ntr ati o n, m ulti pli c ati o n,
a n d g r e g ari z ati o n [ 9]. D e s pit e b ei n g f or e c a st, t h e c urr e nt l o c u s i n v a si o n c o ul d n ot b e c o ntr oll e d b e c a u s e it
o ri gi n at e d i n i n s e c ur e ar e a s t h at c o ul d n ot b e a c c e s s e d d u e t o c o n fli ct. B y Fe br u ar y, t h e s w ar m s h a d s pr e a d
t o t e n c o u ntri e s i n E a st er n Afri c a, t hr e at e ni n g f o o d s u p pli e s f or milli o n s of p e o pl e. T h e M ar c h t o M a y r ai n y
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milli o n p e o pl e i nt o u n d er n o uri s h e d, a d di n g t o a n e sti m at e d 6 9 0 milli o n w orl d wi d e [ 1 1].

W h y E a r t h o b s e r v a ti o n s ( E O )
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of cloud computing and proliferation of very high resolution data have unlocked unprecedented amounts
of high resolution data for every sector This type of targeted information can provide critical and timely
life-saving data and information to aid early warning of droughts [12, 13], crop failure [14, 15], pest such as
locusts [9], immediate assessment of flooding and landslides [16], emergency operations[17] and adaptation
planning.

However, the immediate focus of national and international agencies always encompasses rescue
operations, which provide safe drinking water, shelter, and food, sometimes for many months after the event,
such as in the case of Idai [1]. When the situation is improved, little importance (signaled by investments)
is given to efforts to improve monitoring and early warning systems, which may have reduced the impacts
through early warning and increased the response efficiency of targeted operations. First responders often
operate with little to no information on the extent, severity, impact of events. Without coordinated response,
sometimes they fall victim of the disaster. Moreover, the collected data if any and other relevant information
or updates rarely reach the impacted communities, except in the case of the current COVID-19 pandemic.
In many African countries the COVD-19 pandemic has led to strong publicprivatepartnerships, companies
are partnering with government to raise funds, deliver massages, provide personal protective equipment to
frontline workers and support low income households through direct donations.

Today, the technology to predict, track, assess, and inform efforts to reduce potential catastrophic
impacts of extreme events exists. The majority of the required satellite data at high temporal and spatial
scales are freely available including cloud processing in Google Earth Engine and many developed and middle
income countries have been taking advantage of these tools for decades and have policies in place backed by
funding (e.g The EU Space Policy). However, these policies and programs are largely missing and barely
any investments are being made by national governments in SSA to build the capabilities and institutions
needed to successfully use the information and data to help farmers or respond to disasters in an informed
way. Dependence on international organizations’ donations and expertise further complicates these issues as
many solutions are rarely long lasting. It is not enough that international organizations develop the programs
and/or bring the tools. As long as the integration is driven and funded externally on a project to project
basis the change and impact will continue to be haphazard and never consistent or sustained. Many SSA
countries do not yet have the full technical know-how and have not invested to participate independently
in space-related activities [18]. Africa needs to grow scientists, engineers, researchers, data scientists, and
related professionals who will actively contribute to finding solutions to continental problems [18]. The
African Space Policy set goals in the effort to create coordinated and integrated space program, however
there are immediate short-term investments at national level that can support huge leaps, fill data gaps, save
lives and millions in response efforts. These investments are urgent, cost far less than satellite programs.
But these need to be systematic to take advantage of current advances in EO. Therefore countries in SSA
developing EO systems to support agriculture and food security should invest in the following actions:

(i) developing and supporting the requisite human capital of African EO specialists to develop home grown
solutions and leverage recent advancements and strategic support from international partners, through
targeted training programs

(ii) stronger partnerships between government and Universities with direct and clear funding streams to
support research developing local solutions

(iii) develop models, tools and the capacity to measure progress, impacts and to support design and
implementation of appropriate mitigation, response and adaptation programs.

(iv) consistent representative digital ground data through networks of observers to provide the data required
to train EO-based systems. The machine learning community is hungry for data labels to develop and
train models that are desperately needed for monitoring and measuring smallholder agriculture, but
these can’t be collected on a project to project basis.

(v) clear mechanisms for data sharing to ensure mutual benefit. The lack of open and clear data sharing
policies have largely impeded research and model development

(vi) developing and implementing communication strategies for threat levels, with strong emphasis on
reaching impacted communities

(vii) permanent budget lines for early warning and assessment as well as sustained investment and sustenance
of computing and internet infrastructure that are critical for rapid and timely assessments and early
warning. This can be done by establishing centers at local universities
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For years, the science community has predicted that Africa will be the most impacted by climate
change [19]. The experience of 2019 presents a confirmation of this prediction and a warning for national
governments in Africa to augment their national monitoring, information, and response systems. EO-based
information will help them to prepare for and manage extreme weather events. Furthermore, it will help
local authorities to better respond to disasters and farmers to better manage their crops, thereby reducing
the devastating impact on their livelihoods. Systems need to be defined not only by establishing policies, but
also by providing staff and equipment for sector specific monitoring centers. Identification and development
of long-term strategies to address issues such as capacity gaps can be achieved by employing technical experts
to establish the operations of such centers. The growth of National space programs will also depend on the
openness and accessibility to data from national satellites which is largely missing [20].

While agencies like NASA and ESA are investing in applied research, capacity development and toward
delivering last mile systems and products including NASA SERVIR (joint USAID/ NASA initiative), GMES
and Africa, NASA Harvest, the promise of these programs stops at the capacity of the recipient institutions
to take full advantage of the methods, data, tools and systems. Operational systems such as the Early
Warning Explorer, The European Commission’s Anomaly Hotspots of Agricultural Production System and
the Global Agriculture Monitoring System represent just a fraction of the existing systems that are freely
accessible and readily customizable EO products. These products can be readily integrated into workflows
to support national monitoring and forecasting of agricultural activities, droughts, and rainfall informing
disaster risk financing, crop insurance and agricultural development programs. However, to realize the full
potential of satelite remote sensing has to offer, governments need to invest and build stronger partnership
with local. university training programs to ensure new graduates can fill human resource gaps.

References

[1] Devi S 2019 Cyclone Idai: 1 month later, devastation persists Tech. Rep. 10181 The Lancet URL https://

www.ncbi.nlm.nih.gov/pubmed/31007189
[2] IFRC 2019 Responding as a Red Cross and Red Crescent Movement Cyclone Idai and Kenneth Tech. rep. International

Federation of Red Cross and Red Crescent Societies
[3] GEOGLAM Crop Monitor 2019 Special Report: Kenya Long Rains Rapid Crop Assessment – GEOGLAM Crop Monitor

Tech. rep. GEOGLAM URL https://cropmonitor.org/index.php/2019/09/24/special-update-kenya/
[4] Daily Nation 2019 What shall we eat? Kenya stares at food crisis as maize harvest to drop - Daily Nation URL

https://www.nation.co.ke/news/Food-crisis-looms-as-maize-harvest-to-drop/1056-5278752-5m8n0uz/index.html
[5] France 24 2019 At least 265 dead in floods, landslides as rains batter East Africa URL https://phys.org/news/2019-

12-dead-landslides-batter-east-africa.htmlhttps://www.france24.com/en/20191205-at-least-265-dead-in-
floods-landslides-as-rains-batter-east-africa

[6] FEWSNET 2019 Kenya - Food Security Outlook: Mon, 2019-10-07 to Thu, 2020-05-07 — Famine Early Warning Systems
Network Tech. rep. FEWSNET URL https://fews.net/east-africa/kenya/food-security-outlook/october-2019

[7] Uchoa P 2019 Indian Ocean Dipole: What is it and why is it linked to floods and bushfires? URL https://www.bbc.com/
news/science-environment-50602971

[8] BBC News 2020 Hundreds of billions of locusts swarm in East Africa - BBC News URL https://www.bbc.com/news/in-
pictures-51618188

[9] Cressman K 2013 J. Appl. Remote Sens. 7 075098 ISSN 1931-3195
[10] Food and Agriculture Organization 2020 Desert Locust situation update 24 March 2020 URL http://www.fao.org/ag/

locusts/en/info/info/index.html
[11] Porciello J, Tufan H A, Njuki J, Winters P, Mabaya E and Coffman R 2020 Nature 584 37–40 ISSN 14764687 URL

https://www.nature.com/articles/d41586-020-02281-w
[12] Shukla S, R Arsenault K, Hazra A, Peters-Lidard C, D Koster R, Davenport F, Magadzire T, Funk C, Kumar S, McNally

A, Getirana A, Husak G, Zaitchik B, Verdin J, Dieudonne Nsadisa F and Becker-Reshef I 2020 Nat. Hazards Earth
Syst. Sci. 20 1187–1201 ISSN 16849981 URL https://doi.org/10.5194/nhess-20-1187-2020

[13] Nakalembe C 2018 Nat. Hazards 91 1–26 ISSN 15730840 URL http://link.springer.com/10.1007/s11069-017-3106-x
[14] Becker-Reshef I, Justice C, Barker B, Humber M, Rembold F, Bonifacio R, Zappacosta M, Budde M, Magadzire T, Shitote

C, Pound J, Constantino A, Nakalembe C, Mwangi K, Sobue S, Newby T, Whitcraft A, Jarvis I and Verdin J 2020
Remote Sens. Environ. 237 ISSN 00344257

[15] Rembold F, Meroni M, Urbano F, Csak G, Kerdiles H, Perez-Hoyos A, Lemoine G, Leo O and Negre T 2019 Agric. Syst.
168 247–257 ISSN 0308-521X URL https://www.sciencedirect.com/science/article/pii/S0308521X17309095

[16] Dellepiane S G and Gemme L 2018 Adaptive SAR Image Processing Techniques to Support Flood Monitoring from Earth
Observation Data Flood Monit. through Remote Sens. ed D’Addabbo A and Capolongo D (Springer. Cham) pp 115–134

[17] Bandyopadhyay S, Gowrisankar D, Shrivastava N, Hegde V and Jayaraman V 2017 Earth Observation for Land and
Emergency Monitoring (John Wiley & Sons, Ltd)

[18] African Union 2017 AFRICAN SPACE POLICY: TOWARDS SOCIAL, POLITICAL AND ECONOMIC INTEGRATION
Tech. Rep. October African Union Adiss Ababa, Ethiopia URL www.au.int

[19] Connolly-Boutin L and Smit B 2016 Climate change, food security, and livelihoods in sub-Saharan Africa

Page 4 of 5AUTHOR SUBMITTED MANUSCRIPT - ERL-108796.R2

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Acc
ep

ted
 M

an
us

cri
pt

https://www.ncbi.nlm.nih.gov/pubmed/31007189
https://www.ncbi.nlm.nih.gov/pubmed/31007189
https://cropmonitor.org/index.php/2019/09/24/special-update-kenya/
https://www.nation.co.ke/news/Food-crisis-looms-as-maize-harvest-to-drop/1056-5278752-5m8n0uz/index.html
https://phys.org/news/2019-12-dead-landslides-batter-east-africa.html https://www.france24.com/en/20191205-at-least-265-dead-in-floods-landslides-as-rains-batter-east-africa
https://phys.org/news/2019-12-dead-landslides-batter-east-africa.html https://www.france24.com/en/20191205-at-least-265-dead-in-floods-landslides-as-rains-batter-east-africa
https://phys.org/news/2019-12-dead-landslides-batter-east-africa.html https://www.france24.com/en/20191205-at-least-265-dead-in-floods-landslides-as-rains-batter-east-africa
https://fews.net/east-africa/kenya/food-security-outlook/october-2019
https://www.bbc.com/news/science-environment-50602971
https://www.bbc.com/news/science-environment-50602971
https://www.bbc.com/news/in-pictures-51618188
https://www.bbc.com/news/in-pictures-51618188
http://www.fao.org/ag/locusts/en/info/info/index.html
http://www.fao.org/ag/locusts/en/info/info/index.html
https://www.nature.com/articles/d41586-020-02281-w
https://doi.org/10.5194/nhess-20-1187-2020
http://link.springer.com/10.1007/s11069-017-3106-x
https://www.sciencedirect.com/science/article/pii/S0308521X17309095
www.au.int


5

[20] Woldai T 2020 Geo-Spatial Inf. Sci. 23 107–123 ISSN 10095020 URL https://www.tandfonline.com/doi/full/10.1080/
10095020.2020.1730711

Acknowledgements

The author would like to acknowledge the funding from NASA Harvest award no. 80NSSC17K062 and
NASA SERVIR-Grant no. 80NSSC20K0264.

Data Availability

The data that support the findings of this study are openly available at the following URLs GLAM, and
EWX Next Generation Viewer

Page 5 of 5 AUTHOR SUBMITTED MANUSCRIPT - ERL-108796.R2

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Acc
ep

ted
 M

an
us

cri
pt

https://www.tandfonline.com/doi/full/10.1080/10095020.2020.1730711
https://www.tandfonline.com/doi/full/10.1080/10095020.2020.1730711
http://pekko.geog.umd.edu/usda/test/
https://earlywarning.usgs.gov/fews/ewx/index.html?region=af

