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1. Introduction	

Malnutrition	 remains	 a	 leading	 cause	of	 death	 in	 children	 in	 low-	 and	middle-income	 countries.	 Chronic	
malnutrition	concerns	globally	approximately	159	million	children	under	the	age	of	five	(1).	Although	the	
proportion	of	malnourished	stunted	children	decreased	worldwide	by	15.8	%	in	under	25	years,	this	recent	
decrease	 is	 threatened	 to	 reversed	due	 to	 the	effect	of	 climate	change	 (1,2).	By	2050,	 climate	change	 is	
projected	to	increase	the	burden	of	child	malnutrition	by	creating	an	additional	25.2	million	malnourished	
children,	10.5	million	of	which	will	be	in	sub-Saharan	Africa	(3).	Climate	change	such	as	extreme	weather	
events,	increasing	temperatures,	precipitation	pattern	changes,	and	seasonal	shifts	are	projected	to	impact	
agricultural	outcomes,	and	more	specifically	crop	production	(2,3).					

Agriculture	employs	over	70%	of	Burkina	Faso’s	workforce	and	contributes	to	approximately	30%	
of	 the	 nations	 gross	 domestic	 product	 (4).	 The	 agricultural	 sector	 is	 predominantly	 small-scale	 and	
subsistence	farming,	most	farms	being	5	hectares	or	less	(5).	Subsistence	farming	also	referred	to	as	family	
farming,	 is	 characterized	 by	 agricultural	 production	 primarily	 for	 self-sufficiency	 and	 food	 household	
consumption.	This	is	how	the	majority	of	households	in	Burkina	Faso,	and	more	precisely	in	the	village	of	
Bourasso,	 sustain	 themselves	 (6).	 Crop	 production	 equates	 food	 production	 and	 this	 directly	 impacts	
household	food	consumption	and	caloric	intake.	Insufficient	caloric	intake	is	one	of	the	undisputed	factors	
of	malnutrition,	especially	in	childhood	undernutrition.		

In	 order	 to	 understand	 the	 effect	 climate	 change	 will	 have	 on	 child	 undernutrition	 in	 sub-Saharan	
African	countries	such	as	Burkina	Faso,	a	study	of	the	agricultural	production	of	subsistence	farmers	was	
initiated.	High-resolution	remote	sensing	data	and	geographic	information	systems,	are	key	instruments	in	
the	quantification	of	food	production	and	the	modeling	of	the	effect	changing	climate	variables	can	have	
on	food	production	(7).	This	study	investigates	the	feasibility	of	applying	such	technologies	on	subsistence	
small-scale	farming	at	the	village	level	in	Kossi	regions	of	the	West	African	country	of	Burkina	Faso.		

2. Material	and	Methods	

The	 study	 examined	 through	 a	 nutritional	 recall	 survey	 and	 anthropometric	 measurement	 the	
nutritional	patterns	(consumption	habits)	and	nutritional	level	(weight-for-length	(WFL)	and	Length-for-age	
(LFA))	z-score	of	children	within	20	households	in	the	village	of	Bourasso.	Households	were	selected	under	
the	 criteria	 of	 being	 subsistence	 farmers	with	 at	 least	 one	 child	 under	 the	 age	 of	 five.	 The	 sample	was	
subdivided	in	two	groups	of	10	households:	the	first	group	of	10	households	with	well-nourished	children	
(n	=	18	 children	<5yrs),	 the	 second	group	of	10	households	with	undernourished	 children	 (LFA	 z-score	2	
standard	deviations	below	median;	n	=	11	children	<5yrs).			

The	 agricultural	 fields	 (n	 =	 68	 fields)	 of	 the	 20	 households	were	mapped	 through	GPS	 participatory	
mapping.	The	crop	production	of	the	fields	and	harvest	quantifications	were	then	assessed	using	pre	and	
post	harvest	agricultural	surveys.	The	current	land	use	and	qualitative	yield	estimates	were	monitored	by	
the	use	of	two	high-resolution	RapidEye	satellite	scenes	covering	3500km2	around	the	village	of	Bourasso.	
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3. Results	and	Discussion	

The	 three	 primary	 crops	 cultivated	 by	 all	 households	 regardless	 of	 nutritional	 status	 of	 children	 in	 the	
households,	in	the	years	2013,	2014	and	2015	were	maize,	millet	(including	sorghum)	and	sesame.	Sesame	
is	a	cash	crop,	and	has	 increased	in	 importance	with	subsistence	farmers	of	the	Kossi	province	due	to	 its	
high	revenue	and	demand.	Sesame	is	the	only	common	cash	crop	found	amongst	all	households.	According	
to	harvest	reports	of	millet	and	maize,	the	cereal	crops	most	highly	consumed	in	rural	Burkina	Faso,	were	
the	second	and	third	highest	produced	crops	in	the	20	households	in	terms	of	weight	and	frequency.				

	
Fig.1:	Illustrated	the	frequency	of	cultivation	of	the	three	primary	crops	in	well-nourished	households	(left)	
and	under-nourished	households	(right)	from	2013-	2015)		

The	 nutritional	 habits	 of	 24	 children	 (excluding	 one	 with	 incomplete	 data	 and	 four	 exclusively	
breast	fed)	in	the	survey	indicated	that	regardless	of	nutritional	status	(well-nourished	or	under-nourished)	
all	the	children’s	diets	constituted	primarily	of	maize	and	millet,	validating	the	concept	that	the	nutritional	
status	of	the	children	in	the	sample	is	linked	to	their	households’	production	of	these	two	staple	grains.	Of	
the	 food	consumed	by	children	deriving	directly	 from	their	households’	agricultural	 field,	44.21%	was	Tô	
(made	of	ground	maize	or	millet),	55.74%	was	an	accompanying	sauce	for	the	Tô,	and	3.03%	was	porridge	
(made	of	maize	or	millet).		

The	rapid	eye	 images	captured	of	 the	area	on	September	10th	and	21st	of	2014	 (left	panel	Fig.2),	
which	covered	the	agricultural	fields	of	the	20	selected	households,	were	used	to	examine	the	agricultural	
areas	 of	 the	 study	 village	 (right	 panel	 Fig.2).	 The	 agricultural	 area	 represents	 approximately	 67%	 of	 the	
village	 land	 (Fig.2).	 The	 remaining	 areas	 can	 be	 depicted	 from	 satellite	 as	 infrastructure	 (roads	 and	
settlement),	densely	 forested	areas,	and	water	bodies.	The	agricultural	 land	 represents	a	 total	of	23,360	
hectares.	 Of	 67%	 agricultural	 land,	 only	 46%	 was	 cultivated	 in	 September	 2014	 and	 21%	 remained	
untouched	(Fig.2).	

	

RapidEye	Image	and	Land	Use	Classification	
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Fig.2:	Land	use	statistics	for	the	study	site	derived	from	RapidEye-based	land	use	classification	of	the	10	
households	in	sample	1.	
The	 super	 imposition	 of	 the	 agricultural	 field	maps	 and	 the	 remote	 sensed	 scenes	 provide	 information	
about	the	exploitation	of	the	agricultural	plots	of	the	selected	households.	It	shows	that	at	the	village	level	
and	at	the	individual	farmer	level,	the	agricultural	delimited	plots	were	not	cultivate	in	their	entirety	(Fig.	
3)		
	

	
Fig.3:	Surveyed	field	plots	(left)	overlayed	to	the	RapidEye	image	(center)	with	the	remote	sensing	based	
qualitative	yield	estimates	(right)	adapted	from	Sorgho	et	al.	2017.		

Figure	3	shows	the	qualitative	yield	estimate	of	millet	and	sesame	crops	on	 the	micro-plot	 level,	
that	 was	 conducted	 based	 on	 the	 RapidEye	 data.	 The	 different	 color-scale	 distinguishes	 the	 crop	 types	
(millet	grain	from	sesame	cash	crop)	and	their	respective	yield	variation.	This	assessment	shows	that	the	
RapidEye-based	yield	predictions	reflect	small-scale	variations	within	the	micro-fields.	For	instance,	the	red	
parts	of	the	sesame	fields	as	well	as	the	brownish	parts	of	the	millet	fields	shown	in	figure	3,	indicate	that	
there	was	no	cultivation	or	serious	crop	losses	at	this	time.	This	exemplifies	how	a	satellite-based	approach	
can	reveal	uncertainties	of	the	in-field	assessments	on	field	delineation.	

Effect	of	Climate	Change	on	Crop	Production	

		 World	 Sub-Saharan	African	

Maize	 Millet	 Maize	 Millet	

2050	No	CC	(%	change)	 +	71.4	%	 +	141.0	 +	45.3	%	 +	267.2	

CSIRO	 model	 with	 10%	
precipitation	increase		

+	0.2	%	 -	8.4	 -	9.6	%	 -	6.9	%	

NCAR	 model	 with	 2%	
precipitation	increase		

-	0.4		%	 -	7.0	 -	7.1	%	 -	7.6	%	

Fig.4:	Illustrates	the	percent	change	(+	or	-)	of	non	c02	fertilized	maize	and	millet	production	from	the	year	
2000	 to	2050.	 These	are	depicted	under	3	different	 climate	 scenarios	worldwide	and	more	 specifically	 in	
Sub-Saharan	Africa	(4).		

The	 effect	 of	 climate	 change	 on	 food	 production	 in	 the	 first	 scenario	 (2050	 No	 cc)	 is	 based	 on	 a	
projection	without	any	global	effect	of	climate	change:	between	2000	and	2050	the	worldwide	production	
of	maize	would	increase	by	71.4%	and	millet	by	141.0%,	and	sub-Saharan	Africa	would	increase	its	maize	
production	by	45.3%	and	its	millet	production	by	267.2%	(4).	Looking	at	the	climate	change	scenario	of	the	
CSIRO	 model	 projection	 (10%	 precipitation	 increase)	 and	 the	 NCAR	 model	 projection	 (2%	 precipitation	
increase),	neither	maize	nor	millet	crop	production	will	 increase	 in	a	timeframe	of	50	years	but	will	even	
decrease	 by	 a	 factor	 between	 6.9%	 and	 9.6%	 compared	 to	 the	 production	 levels	 in	 2000	 (4).	 With	 a	
growing	world	population,	a	decrease	on	these	levels	in	food	production	will	be	catastrophic,	especially	in	
subsistence	farming	settings.		
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4. Conclusion	

A	 decrease	 in	 crop	 production	 in	 sub-Saharan	 Africa	 as	 a	 result	 of	 climate	 change	 would	 directly	
negatively	 impact	 subsistence	 farming	 households	 and	 villages	 like	 the	 study	 village	 of	 Bourasso,	 as	 it	
decreases	food	availability,	leading	to	insufficient	caloric	intake,	a	leading	cause	of	malnutrition,	especially	
for	children	below	the	age	of	five.		

With	regularly	acquired	high-resolution	satellite	data,	it	was	possible	to	analyze	the	productivity	of	
small-scale	 fields	 at	 a	 subsistence	 farming	 level.	 Micro-field	 assessments	 of	 crop	 production	 could	 be	
conducted	 and	 utilized	 to	 better	 understand	 the	 growth	 pattern	 and	 agricultural	 productivity	 of	 small	
farms.	The	step	 from	qualitative	yield	estimates	 to	quantitative	estimates,	however,	 require	more	dense	
time	series	of	satellite	data	as	well	as	more	field	data.	

In	a	next	step,	 the	applied	methods	and	their	outcomes	could	be	utilized	as	 input	data	to	model	
the	 impact	 of	 climate	 change	 (extreme	 weather	 event,	 increasing	 temperatures,	 precipitation	 pattern	
changes,	and	seasonal	shifts)	-	at	both	the	climate	and	agricultural	level,	as	well	as	on	a	micro-field	level	-	
on	food	crop	production	of	subsistence	farming	communities.		
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