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Since most of the inhabitants in West Africa is working with, or are 
dependent on agricultural work, accurate weather forecasts are 
important in their daily work. Knowledge of when to start to sow is 
one of the most important features from a farmer’s point of view. It 
can be devastating for the farmers if the soil is not moist enough when 
planting since the crops risks to dry out, but also planting too late 
needs to be avoided since it will affect the growing time and therefore 
might reduce the production. 
In this thesis, investigations whether the start of the rainy season in 
Ghana and parts of Burkina Faso is predictable, only with the use of 
patterns in rainfall and changes in sea surface temperature in the Gulf 
of Guinea. The region of interest has been divided into four equally 
sized areas with a latitudinal width of 2 � from south to north. The 
models are first of all predicting the start of the rainy season in the 
southernmost area by use of four different methods, three that are 
based on precipitation patterns and one based on changes in sea 
surface temperature. Thereafter, the three northerly areas are predicted 
with a linear function based on when the rainy season started in the 
southernmost area. The results shows that the model is acceptable in 
its predictability but is very good in indicating if the rainy season will 
start earlier or later than the year before. This is of major benefits for 
the farmers in the region. 
On a long-range average, the rainy season starts in the southernmost 
area first and then it starts further north, but this is not always the case 
in individual years, which makes the models complicated to use in 
some years. 
In order to give reliable forecasts to the farmers, the rainy season 
needs to be defined so it fulfils the conditions that are needed for 
plants to grow. Therefore, the start of the rainy season is defined as 
when 40 mm of precipitation is received during a five-day period with 
at least 16 mm in one of these five days. Thereafter, the next 30 days 
cannot contain more than 18 days without precipitation 
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Abstract	
	
	
Since	most	of	the	inhabitants	in	West	Africa	is	working	with,	or	are	dependent	on	
agricultural	work,	accurate	weather	forecasts	are	important	in	their	daily	work.	
Knowledge	of	when	to	start	to	sow	is	one	of	the	most	important	features	from	a	farmer’s	
point	of	view.	It	can	be	devastating	for	the	farmers	if	the	soil	is	not	moist	enough	when	
planting	since	the	crops	risks	to	dry	out,	but	also	planting	too	late	needs	to	be	avoided	
since	it	will	affect	the	growing	time	and	therefore	might	reduce	the	production.	
In	this	thesis,	investigations	whether	the	start	of	the	rainy	season	in	Ghana	and	parts	of	
Burkina	Faso	is	predictable,	only	with	the	use	of	patterns	in	rainfall	and	changes	in	sea	
surface	temperature	in	the	Gulf	of	Guinea.	The	region	of	interest	has	been	divided	into	
four	equally	sized	areas	with	a	latitudinal	width	of	2		from	south	to	north.	The	models	
are	first	of	all	predicting	the	start	of	the	rainy	season	in	the	southernmost	area	by	use	of	
four	different	methods,	three	that	are	based	on	precipitation	patterns	and	one	based	on	
changes	in	sea	surface	temperature.	Thereafter,	the	three	northerly	areas	are	predicted	
with	a	linear	function	based	on	when	the	rainy	season	started	in	the	southernmost	area.	
The	results	shows	that	the	model	is	acceptable	in	its	predictability	but	is	very	good	in	
indicating	if	the	rainy	season	will	start	earlier	or	later	than	the	year	before.	This	is	of	
major	benefits	for	the	farmers	in	the	region.	
On	a	long‐range	average,	the	rainy	season	starts	in	the	southernmost	area	first	and	then	
it	starts	further	north,	but	this	is	not	always	the	case	in	individual	years,	which	makes	
the	models	complicated	to	use	in	some	years.	
In	order	to	give	reliable	forecasts	to	the	farmers,	the	rainy	season	needs	to	be	defined	so	
it	fulfils	the	conditions	that	are	needed	for	plants	to	grow.	Therefore,	the	start	of	the	
rainy	season	is	defined	as	when	40	mm	of	precipitation	is	received	during	a	five‐day	
period	with	at	least	16	mm	in	one	of	these	five	days.	Thereafter,	the	next	30	days	cannot	
contain	more	than	18	days	without	precipitation.	
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Referat	
	
	
Eftersom	de	flesta	invånarna	i	Västafrika	arbetar	med,	eller	är	beroende	av	
jordbruksarbete	så	är	väderprognoser	till	stor	hjälp	i	det	dagliga	arbetet.	Att	ha	
kännedom	om	när	det	är	lämpligt	att	börja	så	är	en	av	de	viktigaste	aspekterna	ur	
böndernas	perspektiv.	Att	börja	så	innan	marken	är	tillräckligt	fuktig	kan	leda	till	
förödande	konsekvenser	för	bönderna	då	grödorna	riskerar	att	torka	ut	och	dö,	men	
även	att	vänta	för	länge	med	att	så	bör	undvikas	eftersom	det	påverkar	längden	på	
skördesäsongen	och	därmed	också	produktionen.	
I	den	här	studien	har	det	gjorts	undersökningar	om	det	är	möjligt	att	göra	prognoser	för	
när	regnperioden	börjar	i	Ghana	och	delar	av	Burkina	Faso	med	hjälp	av	
nederbördsfördelningen	och	förändringar	i	ytvattentemperaturen	i	Guineabukten.	
Regionen	har	delats	in	i	fyra	lika	stora	områden	med	latitudinell	bredd	på	2	°	från	söder	
till	norr.	Modellerna	börjar	med	att	göra	en	prognos	för	regnperiodens	början	i	det	
sydligaste	området	med	hjälp	av	fyra	olika	metoder,	tre	som	är	baserade	på	
nederbördsfördelningen	och	en	som	är	baserad	på	ändringar	i	ytvattentemperaturen.	
Därefter	görs	prognoser	för	de	tre	nordligare	områdena	med	hjälp	av	en	linjär	funktion	
baserad	på	när	regnperioden	började	i	det	sydligaste	området.	Resultaten	visar	att	
modellen	är	acceptabel	när	det	gäller	att	komma	så	nära	den	verkliga	starten	som	
möjligt,	men	är	väldigt	bra	på	att	indikera	om	regnperioden	kommer	att	börja	tidigare	
eller	senare	än	året	innan.	Detta	är	till	stor	nytta	för	bönderna	i	området.	
Över	ett	längre	perspektiv	så	börjar	regnperioden	först	i	det	sydligaste	området	för	att	
sedan	börjar	längre	norrut,	men	så	ser	det	inte	ut	i	varje	enskilt	år,	vilket	gör	att	
modellerna	inte	är	användbara	alla	år.	
För	att	kunna	ge	bönderna	så	bra	prognoser	som	möjligt	så	behöver	regnperioden	
definieras	så	att	den	uppfyller	de	villkor	som	krävs	för	att	de	ska	kunna	börja	så.	Därför	
har	regnperiodens	början	definierats	som	när	40	mm	nederbörd	mottagits	under	en	
femdagarsperiod	med	minst	16	mm	under	en	av	dessa	fem	dagar.	Därefter	får	de	
närmaste	30	dagarna	inte	innehålla	mer	än	18	dagar	utan	nederbörd.	
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1.	Introduction	
	
	
In	Ghana	in	West	Africa,	a	country	with	approximately	25	million	inhabitants,	around	60	
%	of	the	population	is	working	with	agriculture	(MOFA,	2010).	This	means	basically	
everyone	who	doesn’t	live	in	any	of	the	major	cities	such	as	Accra,	Kumasi	etc.	and	this	
distribution	is	similar	in	most	of	the	countries	in	West	Africa.	
It	is	not	common	that	the	farmers	themselves	own	the	equipments	necessary	for	
agricultural	work,	but	instead	needs	to	rent	them.	Another	option	the	old	fashion	way	
with	the	help	of	animals,	but	in	either	way,	the	farmers	needs	to	know	when	to	start	
with	their	procedures	as	early	as	possible	to	achieve	the	best	results	of	their	work.	One	
important	tool	for	the	farmers	is	to	know	when	the	rainy	season	is	about	to	start.	Still	in	
these	days,	a	lot	of	farmers	in	West	Africa,	and	in	other	parts	of	the	world,	are	not	using	
scientifically	based	methods	to	predict	events	associated	with	the	rainy	season,	such	as	
the	start,	length,	total	amount	of	precipitation	etc.	Methods	used	are	widely	different	like	
when	a	certain	flower	starts	to	bloom	or	to	try	to	find	any	behaviour	of	different	bugs	or	
birds	(Laux	et	al.	2007).	However,	since	these	methods	aren’t	reliable,	an	increasing	
number	of	farmers	are	looking	for	more	accurate	methods,	especially	since	the	drought	
in	the	Sahel	area	that	occurred	from	the	60’s	until	the	late	80’s	(Sönnert,	2014)	and	
caused	widespread	famine	in	the	area.	Also,	some	farmers	have	recently	noticed	that	the	
rainy	season	seems	to	start	later	each	year,	which	has	been	confirmed	by	Kniveton	et	al.	
(2008).	In	their	study,	the	delay	was,	approximately,	between	0.4	days/year	up	to	0.8	
day/year	from	1978	to	2002	depending	on	how	the	start	of	the	rainy	season	was	
defined,	a	fact	that	was	noticed	by	Laux	et	al.	(2007)	as	well.	This	will	influence	the	work	
of	the	farmers	since	it	affects	the	length	of	the	growth	season.	
	
The	economical	situation	of	the	farmers	is	the	reason	why	knowledge	about	the	start	of	
the	rainy	season	is	of	major	importance.	Their	farming	is,	in	many	cases,	the	only	thing	
that	brings	an	income	to	the	family	(Vellinga	et	al.,	2012)	and	therefore,	crop	failure	can	
be	devastating,	but	also	to	sow	too	late	will	have	negative	impact	on	their	profit	since	it	
reduces	the	harvest	season	and	therefore,	also	the	produced	quantity.	If	perfect	timing	
of	the	start	of	the	rainy	season	were	known	and	made	use	of,	the	farmers	are	thought	to	
enhance	the	potential	of	their	harvesting	with	up	to	20	%	(Ignitia,	2010).	
	
The	main	topic	of	this	study	is	to	investigate	if	the	start	of	the	rainy	season	in	Ghana	and	
parts	of	Burkina	Faso	is	predictable	in	a	somehow	satisfying	way,	only	using	rainfall	
patterns	in	the	area	and	the	sea	surface	temperature	in	the	Gulf	of	Guinea.	Also,	analyses	
will	be	done	whether	there	is	any	correlation	between	these	patterns	and	the	total	
amount	of	annual	precipitation,	which	is	of	major	interest	for	the	farmers	as	well.	
The	reason	for	this	thesis	is	to	first	of	all,	as	mentioned,	create	forecasts	of	when	the	
rainy	season	will	start	in	order	to	help	farmers	with	their	work	and	if	so,	hopefully,	this	
thesis	can	be	used	as	a	good	pre‐study	in	trying	to	predict	the	start	even	more	accurate	
and	in	the	whole	area	of	West	Africa.	
In	this	thesis,	the	data	used	and	how	it	is	treated	will	be	presented	first	and	follows	by	
the	methods	used,	which	involve	some	important	issues	that	are	of	interest	in	this	study.	
The	results	will	only	contain	the	most	necessary	parts	and	be	discussed	in	detail	in	the	
discussion	part.	The	thesis	last	chapters	involve	summary,	conclusions	and	an	appendix	
where	most	graphs	are	presented.
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2.	Theory	
	
	
The	geographically	extension	of	West	Africa	is,	in	general,	the	African	countries	north	of	
the	equator	with	a	coastline	to	the	Atlantic	Ocean	and	the	countries	further	north	up	to	
the	Sahara	Desert	(Sönnert,	2014).	No	major	mountain	ridges	are	found	in	the	region	
except	at	the	border	of	Cameroon	and	Nigeria	where	the	highest	amount	of	annual	
precipitation	is	received.	Small	mountains	are	found	in	Togo	and	Guinea	but	they	are	
thought	to	not	influene	the	over	all	climate,	but	they	do	have	impact	on	the	local	
weather.	The	climate	is	characterised	by	the	West	African	monsoon	that	blows	from	the	
south	during	the	boreal	summer,	when	most	of	the	annual	precipitation	is	received,	and	
the	dry,	northerly	Harmattan‐winds	during	boreal	winter.	The	Harmattan,	which	
originates	from	the	Sahara	Desert,	contains	a	lot	of	dust	(Sönnert,	2014)	that	lowers	the	
strength	of	the	solar	radiation	and	therefore	prevents	convection	in	the	region.	As	
further	north	from	the	coastline,	as	smaller	the	chances	for	rainfall	during	the	dry	
season,	even	though	small	convective	cells	can	appear.	In	general,	the	rainy	season	starts	
in	April/May	at	the	lower	latitudes	and	lasts	until	September	(Leroux,	2001)	with	a	
small	dry	spell	that	lasts	for	a	couple	of	weeks	around	July.	
The	major	processes	that	gives	precipitation	in	West	Africa,	generally	in	most	of	the	
Tropics,	is	convection	(Leroux,	2001).	Recent	studies	by	Janicot	et	al.	(2010)	and	
Sönnert	(2014)	have	shown	that	the	larger	convective	systems	most	of	the	times	are	in	
connection	with	the	African	easterly	waves,	which	is	a	wave	phenomenon	originating	
from	the	highlands	of	Sudan	in	Central	Africa.	The	African	easterly	waves	only	appear	
inside	the	monsoon,	which	means	south	of	the	intertropical	convergence	zone	(Sönnert,	
2014)	and	convective	systems	appears	adjacent	to	the	trough	lines	of	the	waves.	
	
Currently,	the	West	African	monsoon	is	mainly	believed	to	be	driven	by	the	temperature	
gradient	that	appears	due	to	the	thermal	differences	between	land	and	ocean	during	the	
boreal	summer.	The	southerly	winds	are	blowing	from	as	far	south	as	around	20	S	
(Sultan	and	Janicot,	2003)	where	the	St	Helena	anticyclone	is	located,	and	reaches	a	
latitude	of	around	20	N,	where	the	Saharan	heat	low	is	found	(Leroux,	2001),	and	this	is	
the	northernmost	part	of	the	monsoon.	Despite	its	large	spatial	structure,	it	is	still	
problematic	to	predict	when	the	rainy	season	will	start.	
	
In	most	studies	that	involve	the	climate	of	West	Africa,	there	is,	besides	a	definition	of	
the	West	African	monsoon	onset,	a	feature	called	the	West	African	monsoon	preonset.	
After	choosing	a	definition	for	the	onset,	the	preonset	is	defined	so	it	has	to	occur	before	
the	onset.	The	days	between	the	preonset	and	the	onset	and	their	correlation	with	each	
other	are	strongly	dependent	on	how	they	are	defined	(Sönnert,	2014),	but	there	is	no	
clear	reason	for	defining	this	preonset.	To	make	sure	that	the	preonset	occurs	before	the	
onset,	it	is	common	to	use	when	the	intertropical	convergence	zone	(ITCZ)	is	reaching	a	
certain	latitude	as	the	preonset	(Mera	and	Semazzi,	2010)	and	then	choose	the	onset	as	
when	a	certain	amount	of	cumulative	rainfall	has	reached	the	same	latitude.	This	is	a	
decent	approach	since	the	largest	amount	of	precipitation	falls	south	of	ITCZ	(Sönnert,	
2014),	although	one	has	to	be	careful	as	local	weather	systems	can	give	rainfall	in	
connection	with,	or	further	to	the	north	of,	the	ITCZ.	Therefore	some	kind	of	filter	needs	
to	be	used	in	order	to	disallow	high	frequency	fluctuations	from	qualifying	the	onset	too	
early.	
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The	beginning	of	the	West	African	monsoon	is	defined	in	many	different	ways.	Some	of	
the	accepted	definitions	are;	when	the	location	of	the	ITCZ	is	making	a	“jump”	from	
around	5	N	to	around	10	N	(Sultan	and	Janicot,	2003)	or	when	the	rain	maximum	
reaches	a	certain	latitude	(Nguyen	et	al,	2011).	However,	none	of	the	above‐mentioned	
studies	gives	any	reasons	or	explanations	for	their	choice	of	definition.	
	
The	way	of	selecting	a	definition	for	the	start	of	the	rainy	season	is	not	an	easy	task.	It	is	
easy	to	state	a	definition	that	suits	the	data	available	but	a	definition	based	on	that	is	
hardly	useful	for	practical	applications.	Therefore,	having	in	mind	that	the	main	
motivation	behind	this	study	is	to	help	farmers	in	their	daily	work	by	providing	them	
reliable	forecasts	of	when	the	rainy	season	will	start,	it	is	appropriate	to	define	a	
definition	that	suits	the	farmers	point	of	view	and	not	necessarily	the	meteorologists.	
Some	work	that	have	been	done	in	this	regard	are	presented	in	Laux	et	al.	(2007)	and	
Verdin	et	al.	(2000).	In	the	work	by	Laux	et	al.	(2007),	the	start	of	the	rainy	season	was	
defined	as	when	25	mm	precipitation	has	been	obtained	during	a	five‐day	period	where	
the	first	day	and	at	least	two	of	the	other	five	days	receives	precipitation.	Furthermore,	
the	following	30	days	must	not	involve	a	dray	spell	of	seven	consecutive	days.	In	the	
work	by	Verdin	et	al.	(2000),	a	range	of	parameters	that	involves	the	cumulative	
precipitation	for	ten	days,	the	available	soil	moisture	and	the	potential	
evapotranspiration	were	taken	into	account.	The	parametrical	criteria	were	changeable	
to	suit	different	types	of	crops	to	give	the	best	desirable	results.	
	
According	to	Laux	et	al.	(2007)	it	is	possible	to	predict	the	start	of	the	rainy	season	in	the	
more	northern	regions	of	West	Africa	by	simply	using	linear	regression	based	on	when	
the	rainy	season	started	in	a	more	southerly	location.	In	their	work,	Ghana	and	Burkina	
Faso	are	divided	into	five	regions	from	south	to	north	where	the	start	of	the	rainy	
season	is	predicted	for	the	northerly	regions	as	a	function	of	the	time	it	started	in	one	of	
the	more	southerly	located	regions.	
Nguyen	et	al.	(2011)	found	that	the	start	of	the	rainy	season	at	the	coastal	areas	of	West	
Africa,	here	defined	as	when	the	rain	isoline	of	2	mm	averaged	from	10	W	to	10	E	
crosses	the	equator,	is	connected	to	the	changes	in	the	sea	surface	temperature.	They	
noticed	that	the	sea	surface	temperature	starts	to	decrease	approximately	10‐12	days	
before	the	2	mm	rain	isoline	crosses	the	equator.	It	needs	to	be	kept	in	mind	that	this	is	
an	average	value	over	28	years	but	no	further	analyses	were	made	for	any	individual	
year.	A	reliable	forecast	must	be	correct	in	as	many	years	as	possible	in	order	to	be	used	
as	a	helpful	predictive	tool	for	the	farmers.	
In	this	thesis,	efforts	to	create	a	useful	model	for	predicting	the	start	of	the	rainy	season	
will	be	made.	The	aim	is	to	not	only	suit	the	mean	values,	but	also	as	many	individual	
years	as	possible.	Efforts	will	also	be	made	to	create	a	method	that	is	based	on	both	the	
work	of	Laux	et	al.	(2007)	and	by	Nguyen	et	al.	(2011).	This	basically	means	that	
changes	in	the	sea	surface	temperature	are	used	to	predict	the	start	at	the	coastal	areas	
and	then,	by	that	prediction,	predict	the	start	in	more	northerly	located	regions	as	well.	
The	above‐mentioned	studies,	also	indicates	that	the	behaviour	of	the	spatial	pattern	of	
the	precipitation	might	be	useful	to	predict	the	start	of	the	rainy	season	in	West	Africa.	
Therefore,	the	work	of	this	thesis	will	also	involve	analyses	of	some	features	that	are	
found	in	the	patterns	of	the	precipitation	distribution	over	the	Gulf	of	Guinea.	
	
When	it	comes	to	weather	related	parameters,	farmers	are	mainly	interested	in	two	
things.	First	of	all,	when	will	the	soil	be	moist	enough	for	planting,	and	secondly,	will	the	
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soil	maintain	moist	enough	to	avoid	crop	failure	(Ati	et	al.,	2002).	Knowledge	about	
when	the	rainy	season	will	start	is	also	a	useful	tool	in	predicting	the	length	of	the	rainy	
season,	which	also	is	of	interest	to	the	farmers.	
	
When	creating	a	proper	model	that	predicts	the	start	of	the	rainy	season,	there	are	three	
criteria	that	must	be	considered.	Those	are:	
	

i. The	accuracy	of	the	model	
ii. How	early	the	model	can	predict	the	start	of	the	rainy	season	
iii. If	the	model	is	involving	necessary	conditions	to	sow	

	
The	selection	of	the	model	will	be	based	on	these	three	criteria.	
	
All	three	criteria	is	of	big	importance	since	a	model	with	poor	accuracy	will	not	be	
helpful	to	the	farmers	because	it	basically	cannot	predict	the	rainy	season	at	all.	If	the	
model	is	very	accurate	but	cannot	predict	the	start	until	just	the	day	before	it	starts,	it	
will	not	give	the	farmers	any	time	to	prepare.	Also,	to	be	able	to	give	an	early	forecast	
with	high	accuracy	is	useless	for	the	farmers	if	the	model	isn’t	aimed	for	predicting	the	
conditions	that	are	needed	for	their	issues.	The	third	criteria	will	be	considered	as	the	
most	important	one	here	but	when	selecting	the	best	model,	all	three	criteria	will	be	
taken	into	account.	
An	easy	way	to	deal	with	these	three	criteria	is	to	simply	define	the	start	of	the	rainy	
season	as	when	those	necessary	conditions	in	criteria	(iii)	are	fulfilled.	If	that	is	done	
properly,	the	model	itself	only	needs	to	consider	the	first	two	criteria.	This	is	done	in	
this	thesis	and	therefore,	it	needs	to	be	kept	in	mind	that	the	expression	“the	start	of	the	
rainy	season”	simply	means	when	the	farmers	can	start	to	sow.	
	
When	considering	the	spatial	behaviour	of	the	maximum	rainfall,	work	by	Nguyen	et	al.	
(2011)	and	Sultan	and	Janicot	(2003)	have	shown	that	around	May,	the	maximum	
rainfall	is	reaching	its	highest	annual	value	and	is	located	just	to	the	south	of	the	
coastline.	Thereafter,	the	magnitude	of	the	maximum	rainfall	is	decreasing	when,	what	is	
referred	to	as,	“the	little	dry	season”	(Sönnert,	2014)	occurs	along	the	coast	and	after	
two	to	three	months,	a	secondary	high	maximum	appear,	but	located	further	north	
(Messager	et	al.,	2004),	see	figure	9.	This	behaviour	is	known	to	be	a	result	of	the	abrupt	
jump	of	the	ITCZ	(Sultan	and	Janicot,	2003)	that	at	this	particular	time	of	the	year	moves	
from	a	somewhat	stationary	position	near	5	N	to	around	10	N.	
	
The	southeastern	part	of	Ghana,	along	with	the	southern	parts	of	Togo	and	Benin,	is	
receiving	a	significantly	less	amount	of	annual	precipitation	than	other	areas	at	the	same	
latitude,	as	seen	in	figure	1.	This	area	is	known	as	the	“Dahomey	Gap”	(Vollmert	et	al.,	
2003)	and	because	of	this	low	amount	of	rainfall	and	the	presence	of	the	sea	breeze	in	
this	area,	the	start	of	the	rainy	season	at	the	coastal	area	is	expected	to	be	trickier	to	
predict.	On	average,	the	Dahomey	Gap	receives	approximately	the	same	amount	of	
annual	precipitation	as	found	in	northern	Burkina	Faso	around	14	N.	
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Figure	1
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3.	Datasets	
	
	

3.1	Rainfall	estimation	
	
The	rainfall	datasets	that	have	been	used	in	this	study	are	based	on	the	African	Rainfall	
Estimation	Algorithm	Version	2	(AREA2)	which	has	been	in	use	since	the	first	of	January	
2001,	(NOAA,	2012),	when	it	replaced	the	older	version	which	had	provided	data	since	
the	first	of	June	1995.	The	data	available	for	the	work	of	this	thesis	is	from	the	first	of	
January	2001	to	the	31st	of	December	2013	and	covers	the	area	from	10.0	W	–	14.9	E	
and	9.9	S	–	15.0	N	with	a	spatial	resolution	of	0.1	,	approximately	11	km,	and	an	
accuracy	of	0.01	mm	(NOAA,	2012).	AREA2	does	not	distinguish	between	different	types	
of	rainfall	such	as	convective,	orographical	etc.	but	works	best	for	convective	rainfall.	
The	AREA2	is	using	four	different	sources	as	input	data	when	making	the	rainfall	
estimations.	Those	are	ground	stations,	two	types	of	satellite	based	microwave	sensors	
and	one	satellite	IR	sensor	(NOAA,	2012).	The	data	from	the	three	satellite	sources	are,	
by	using	weighting	coefficients,	linearly	combined	to	provide	the	final	rainfall	
estimation.	To	obtain	the	weighting	coefficients	(W),	which	is	created	by	the	use	of	a	
random	error	(‐2),	the	estimated	amount	of	rainfall	(S)	from	the	satellites	are	combined	
with	each	other	and	then	the	three	satellite	sources	are	put	together	as	the	following	
equations	shows	(NOAA,	2012).	
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n
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n1
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After	this,	the	estimated	values	are	compared	to	the	observed	amount	of	rainfall	and	
then	corrected	in	such	a	way	that	an	area	close	to	a	ground	station	will	get	the	value	
from	the	station	(NOAA,	2012)	while	further	away	from	the	station,	the	estimation	will	
rely	more	and	more	on	the	satellite	based	sources.	
	
In	the	work	of	this	thesis,	the	data	has	then	been	filtered	for	each	single	day	in	order	to	
avoid	errors	and	to	make	unphysically	strong	gradients	smoother.	The	filtering	process	
works	through	the	matrices	on	each	grid	point	in	a	square	with	a	certain	size	consisting	
its	neighbours,	see	figure	2.	The	value	in	the	grid	point	is	set	to	be	the	median	value	of	
the	square	that	involves	the	grid	point.	Depending	on	the	size	of	the	matrix,	zeros	are	
added	to	the	sides	of	the	matrix	in	order	to	give	the	same	size	to	all	the	squares.	Here,	
the	size	of	the	square	is	set	to	be	2x2,	and	therefore,	only	one	row	and	one	column	of	
zeros	are	added	in	the	bottom	and	to	the	right	as	in	figure	3	and	the	filtered	matrix	is	
seen	in	figure	4.	
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1 1 5 0 25 
2 0 1 4 1 
4 0 0 0 8 
1 6 56 5 5 
32 10 7 6 21 

	
Figure	2.	An	unfiltered	5x5‐matrix.	

	
	

1 1 5 0 25 0 
2 0 1 4 1 0 
4 0 0 0 8 0 
1 6 56 5 5 0 
32 10 7 6 21 0 
0 0 0 0 0 0 

	
Figure	3.	The	filtering	has	started.	The	first	element	in	the	matrix,	top	left	corner,	is	being	a	part	
of	a	square.	The	highest	and	lowest	value	in	that	square	is	taken	out	and	then	a	mean	value	is	

created	from	the	two	numbers	that	are	left.	This	is	applied	for	all	grid	points.	
	
	

1 1 2.5 2.5 0.5 
1 0 0.5 2.5 0.5 

2.5 3 2.5 5 2.5 
8 8.5 6.5 5.5 2.5 
5 3.5 3 3 0 

	
Figure	4.	The	matrix	has	been	filtered.	Note	that	this	method	always	gives	a	zero	in	the	bottom	

right	corner.	
	
	

3.2	Sea	surface	temperature	estimation	
	
The	sea	surface	temperature	(SST)	data	used	in	this	thesis	are	based	on	the	Global	
MetOp	Sea	Surface	Temperature	(GLB	SST)	from	EUMETSAT.	The	spatial	resolution	is	
0,05	,	approximately	5,5	km,	and	the	temporal	resolution	is	12	hours,	i.e.,	two	times	per	
day	at	00.00	and	12.00	UTC	(EUMETSAT	2013).	The	instrument	used	is	the	Advanced	
Very	High	Resolution	Radiometer	(AVHRR)	and	the	data	available	is	from	the	first	of	
January	2009	to	31st	of	December	2013.	
The	process	that	creates	the	SST	dataset	includes	some	important	steps,	which	involves	
identifying	the	surface	and	checking	for	clouds	and	aerosols.	To	identify	the	surface,	the	
Generic	Mapping	Tool	(GMT)	is	used	and	the	surface	is	classified	as	land,	lake	or	ocean	
where	lakes	smaller	than	10.000	km2	are	considered	land	(EUMETSAT,	2013).	When	
dealing	with	clouds	and	aerosols,	a	statistical	check	for	the	mean	and	minimum	SST,	as	
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well	as	the	greatest	SST	gradient	is	used	over	each	particular	area.	Since	a	cloud	cover	is	
cooler	in	infrared	than	the	water,	it	is	easy	to	distinguish	clouds	from	the	sea	surface	
(EUMETSAT,	2013),	particularly	in	warm	tropical	oceans,	and	according	to	the	small	
change	in	SST	in	space	(and	time),	a	strong	SST	gradient	indicates	that	there	might	be	
something	else	that	is	recorded	than	the	sea	surface	temperature.	These	areas	will	not	
be	ascribed	an	SST	value	and	therefore,	some	days	has	a	large	number	of	grid	points	
without	an	SST	value.	
	
The	data	is	then	treated	in	a	similar	fashion	to	that	of	Nguyen	et	al.	(2011).	In	this	thesis,	
the	mean	SST	value	from	10	W	to	10	E	is	calculated	from	16	S	to	5.5	N	for	each	day.	
The	day	and	night	data	are	then	put	together	in	such	a	way	that	a	grid	point	that	have	an	
SST	value	for	both	day	and	night,	will	be	ascribed	the	mean	value	of	the	two,	while	a	grid	
point	that	only	has	SST	value	for	either	the	day	or	the	night	will	get	that	value.	To	get	rid	
of	the	last	non‐value	grid	points,	these	are	set	to	be	the	mean	value	of	the	day	before	and	
the	day	after,	and	finally,	all	grid	points	now	have	an	SST	value.	An	extra	filter	is	also	
used	to	sort	out	unrealistic	values	in	the	dataset	so	that	the	SST	range	is	from	280	K	to	
320	K.	
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4.	Methods	
	
	
In	this	chapter,	some	of	the	important	issues	that	can,	and	will,	have	influence	on	the	
results	of	the	study	are	presented.	It	involves	how	the	start	of	the	rainy	season	will	be	
defined,	the	regions	of	interest	and	the	features	that	the	models	will	be	based	on.	There	
are	four	different	types	of	methods	that	will	be	used	here.	Three	are	based	on	the	
patterns	in	the	precipitation,	both	spatially	and	temporally,	and	one	that	is	based	on	
changes	in	the	sea	surface	temperature.	Analyses	according	to	the	total	amount	of	
annual	precipitation	will	be	done	as	well.	All	these	features	will	be	discussed	
furthermore	in	chapter	6.	All	methods	are	averaging	the	used	data	between	10	W‐	10	
E,	which	is	also	done	in	other	studies	such	as	Nguyen	et	al.	(2011).	One	crucial	part	in	
the	analyses	of	the	methods	is	how	a	model	is	considered	to	predict	the	start	correctly.	
In	this	thesis,	a	correct	forecast	means	that	the	model	predicts	the	start	of	the	rainy	
season	within	the	standard	deviation	for	each	region.	This	is	also	discussed	in	chapter	6.	
	
	

4.1	The	definition	
	
When	defining	the	start	of	the	rainy	season,	considerations	to	suit	the	agricultural	work	
in	the	region	have	been	done.	In	essence,	this	means	that	instead	of	using	a	proper	
definition	from	a	meteorological	point	of	view,	a	definition	that	will	suit	the	needs	of	the	
farmers	is	used.	With	this	definition,	the	start	of	the	rainy	season	is	defined	as	when	a	
certain	amount	of	precipitation	is	obtained	during	five	days	where	at	least	16	mm	is	
received	in	one	of	these	five	days.	Furthermore,	the	following	30	days	cannot	contain	
more	than	18	days	without	precipitation.	A	too	early	start	is	also	avoided	by	using	a	
condition	so	the	rainy	season	cannot	start	during	the	first	60	days	of	the	year.	This	
threshold	of	60	days	is	selected	since	there	is	a	risk	that	a	longer	dry	spell	will	appear	
after	the	following	30	days	if	the	criteria	for	the	definition	are	allowed	to	be	fulfilled	too	
early,	but	after	60	days,	this	risk	is	minimized	(Stern	et	al.,	1981).	Especially	the	
southern	regions	are	common	to	get	a	too	early	start	if	this	60	days	threshold	is	not	
used,	because	of	temporary	shifts	of	the	ITCZ,	sea	breeze	etc.	Benefits	and	drawback	
with	the	use	of	this	definition	is	discussed	in	section	6.2.	
The	total	amount	of	precipitation	during	the	five‐day	period	are	either	30,	40,	50	or	60	
mm,	and	the	definitions	are	named	definition	1,	2,	3	and	4	respectively	as	presented	in	
table	1.	This	definition	of	the	start	of	the	rainy	season	is	similar,	but	not	identical,	to	the	
definition	used	by	Laux	et	al.	(2007)	and	the	average	start	of	the	rainy	season,	in	the	
years	from	2001	to	2013	according	to	definition	2,	is	presented	in	figure	5.	
	
	

Table	1.	The	differences	between	the	four	definitions.	
Name	of	the	definition Threshold	of	precipitation	in	the	

five‐day	period	of	the	definition	
Definition	1	 30	mm	
Definition	2	 40	mm	
Definition	3	 50	mm	
Definition	4	 60	mm	
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where	S	is	the	starting	day	of	the	rainy	season	according	to	the	definition,	C	is	the	day	
when	the	centroid	crosses	the	equator	for	the	last	time	an	D	is	the	number	of	steps	
between	5	N	and	13	N.	
	
A	safe	definition	should	have	a	small	RMSE‐value,	meaning	that	the	start	of	the	rainy	
season	at	a	specific	latitude,	according	to	the	definition,	is	as	close	as	possible,	or	slightly	
earlier,	compared	to	when	the	centroid	appears	at	the	same	latitude.	The	RMSE‐values	
for	each	definition	is	presented	in	table	A18	in	appendix	and	it	is	clear	that	definition	4	
is	the	best	definition	of	the	four,	according	to	that	it	has	the	lowest	RMSE‐value.	
In	figure	7,	where	the	starting	days	of	the	rainy	season	among	with	the	centroid	are	
shown	for	2012,	all	four	definitions	gives	a	starting	day	at	8	N	within	a	narrow	range	of	
approximately	two	weeks,	while	the	centroid	appears	at	the	same	latitude	about	a	
month	later.	In	figure	6,	which	shows	the	same	as	figure	7	but	for	2005,	it	is	the	other	
way	around	at	9.5	N	where	the	centroid	appears	before	the	rainy	season	has	started	
there.	This	indicates	that	even	if	the	RMSE	is	low,	the	definition	should	not	be	selected	
only	based	on	this,	but	the	figures	6	and	7	indicates	another	way	of	verifying	the	
definitions.	
The	fact	that	definitions	with	higher	threshold	gives	a	start	of	the	rainy	season	after	the	
ones	with	lower	threshold	gives	an	indication	of	their	reliability.	This	means	that	when	
the	rainy	season	starts	according	to	definition	2,	the	conditions	for	definition	1	are	
already	fulfilled.	If	the	two	starting	days	don’t	occur	at	the	same	time,	the	starting	day	of	
definition	2	could	be	considered	as	safe,	among	with	definition	3	and	4	as	well.	On	
average	over	the	13	years,	definition	1	gives	a	start	of	the	rainy	season	6.3	days	before	
definition	2	does,	which	simply	means	that	just	before	the	five‐day	period	that	gives	the	
start	for	definition	2,	there	have	been	a	major	rainfall	that	gave	the	start	according	to	
definition	1.	This	indicates	that	definition	2,	likely,	is	safe	enough	to	use,	but	since	there	
will	be,	and	are,	years	when	the	five‐day	period	for	the	two	definitions	(and	maybe	all	
four	of	them)	occurs	at	the	same	time,	this	might	not	always	be	yield.	
A	third	verification	test	that	will	be	used	is	to	compare	the	starting	days	with	other	
studies	that	have	been	using	similar	definitions.	
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prediction	in	the	M‐area,	PM.	The	isolines	that	are	used	here	are	1,	2,	3,	4,	5	and	6	mm	
and	this	method	will	hereafter	be	referred	to	as	the	isoline‐method.	
	
	

S M  S criteria  D 	 	 PM  Scriteria D	
	
	

4.4	The	position	of	the	rain	
	
The	average	precipitation	from	10	W	to	10	E	is	calculated	from	10	S	to	15	N	for	all	
days	of	each	year.	From	this	calculation,	three	types	of	rain	positions	are	analyzed,	the	
position	of	the	maximum	rainfall,	the	centroid	and	the	centroid	that	neglect	
precipitation	smaller	than	a	certain	threshold.	The	day	when	these	features	are	crossing	
the	equator	for	the	last	time	is	investigated.	The	centroid	for	each	year	are	calculated	as:	
	
	



l C 
l n pn

n1

250



pn
n1

250


	

	
	
where	lC	is	the	latitude	of	the	centroid,	l is	the	latitude	and	p	represents	the	amount	of	
precipitation,	and	gives	an	approximate	latitude	of	where	the	centre	of	the	rainfall	band	
is	located.	This	is	not	the	same	as	the	position	of	the	maximum	rainfall,	which	simply	is	
at	the	latitude	where	most	rain	is	received	for	each	particular	day.	When	neglecting	
smaller	amount	of	precipitation,	the	centroid	is	getting	closer	to	the	position	of	the	
maximum	rainfall.	The	mean	values	for	when	the	rain	maximum	and	the	different	
centroids	crosses	the	equator	are	then	calculated	and	treated	as	explained	in	section	4.3.	
The	thresholds	that	are	used	here	are	1,	2,	3,	4,	5	and	6	mm	and	this	method	will	
hereafter	be	referred	to	as	the	position‐method.	In	figure	9,	the	average	rainfall,	the	
centroid	and	the	position	of	the	maximum	rainfall	over	all	years	are	presented.	
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5.	Results	
	
	

5.1	The	definition	used	
	
In	table	2,	the	starting	days	of	the	rainy	season	and	the	standard	deviation	for	each	
definition	in	the	M‐areas	are	shown.	All	of	the	starting	days	are	later	than	the	results	of	
Laux	et	al.	(2007),	which	is	expected	since	they	are	using	a	lower	threshold,	but	similar	
to	the	work	of	Kniveton	et	al.	(2008).	However,	it	is	hard	to	compare	them	directly	since	
there	are	a	lot	of	differences	between	the	studies,	such	as	how	the	start	of	the	rainy	
season	is	defined,	the	areas,	the	investigated	time	period	and	the	data	that	have	been	
used.	
	
	
Table	2.	The	average	starting	day	of	the	rainy	season	in	the	M‐areas	between	2001‐2013	and	

their	standard	deviation	for	each	definition.	
	 Definition	1	 Definition	2	 Definition	3	 Definition	4	

M57	 107		9	 111		10	 118		9	 126		10	
M79	 115		14	 123		16	 132		17	 146		21	
M911	 151		13	 161		13	 175		13	 189		14	
M1113	 169		8	 176		7	 186		6	 198		7	

	
	
When	considering	the	three	criteria,	stated	in	section	2,	definition	2,	3	and	4	are	treated	
as	they	involves	necessary	conditions	to	sow	(iii)	since,	as	mentioned	earlier,	definition	
1	can	be	used	to	state	that	the	other	three	definitions	are	safe	enough	to	be	used.	As	seen	
in	table	A1	–	A16	in	appendix,	none	of	the	four	definitions	can	be	said	to	be	“the	best	
one”	since	there	is	a	variety	in	the	predictive	skill	of	the	criteria	depending	on	the	
definition	used.	Therefore,	none	of	the	definitions	can	be	said	to	make	the	predictions	of	
the	start	of	the	rainy	season	more	accurate	and	the	others,	criterion	(ii).	
Since	definition	2	occurs	earlier	than	definition	3	and	4	and	still	can	be	considered	as	
safe,	it	is	most	appropriate	to	treat	definition	2	as	the	best	one	in	that	aspect.	The	fact	
that	all	definitions	have	been	implemented	in	the	same	models,	the	definition	that	gives	
the	latest	start	will	also	be	the	best	in	giving	the	farmers	as	many	days	as	possible	to	
prepare	their	work	according	to	criterion	(ii).	However,	definition	4	gives	very	late	
starting	days	and	the	farmers	risks	to	miss	out	important	growing	time	and	therefore,	
definition	2,	presented	in	figure	13,	will	be	considered	as	the	most	appropriate	one	to	
use	over	all	since	it	gives	enough	days	for	the	farmers	to	prepare	for	their	work.	
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explained	in	section	4.5.	This	method	predicted	6	years	correctly	in	the	period	2001	–	
2013,	within	the	standard	deviation.	Thereafter,	the	northerly	regions	were	predicted	
based	on	when	the	rainy	season	started	in	M57,	which	was	done	by	the	least	square	
method	and	presented	in	table	4.
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6.	Discussions	
	
	

6.1	The	datasets	
	
The	dataset	of	the	precipitation	has	an	apparent	accuracy	of	0.01	mm,	but	analyses	of	
the	precipitation	of	individual	days	shows,	in	some	days,	a	lot	of	cirrus	clouds	that	are	
incorrectly	assumed	to	be	precipitation	(not	shown).	This	happens	mostly	when	no	
polar	orbit	satellite	is	available,	which	uses	the	special	sensor	microwave/imager	
(SSM/I)	(NOAA,	2012)	and	are	better	in	identifying	droplet	distribution,	and	instead	the	
geostationary	satellite	must	create	the	data	based	on	cloud	top	temperature.	That	is	why	
values	lower	than	3	mm	per	day	for	a	grid	point	are	set	to	zero.	It	also	needs	to	be	
mentioned	that	the	numbers	of	ground	stations,	which	the	satellite	data	are	calibrated	
against,	are	very	few	in	number	or	non‐operational	in	West	Africa.	Fortunately,	the	same	
rare	number	of	ground	station	are	used	all	through	the	available	data	set	and	no	
adjustments	have	been	needed	due	to	changes	in	creation	of	the	data	set,	which	might	
have	been	necessarily	with	a	longer	temporal	dataset,	if	the	underlying	technologies	
were	undergoing	changes	that	could	influence	the	data	systematically	and	suddenly.	
Along	the	coast	of	Nigeria,	some	kind	of	filter	seems	to	have	been	used	since	the	gradient	
is	extremely	sharp	there.	Nothing	in	the	literature	is	mentioning	this	filter	and	even	
though	efforts	to	contact	the	responsible	at	NOAA	have	been	made,	no	revealing	
answers	have	been	received.	However,	since	the	coast	of	Nigeria	has	not	been	of	interest	
in	this	thesis,	it	has	no	immediate	impact	on	the	outcome	of	the	results.	
There	are	two	days	missing	in	the	dataset	for	the	precipitation.	Those	two	days	are	
2004‐07‐24	and	2007‐11‐13	and	they	have	been	represented	as	two	days	without	
precipitation	in	the	calculations.	Since	both	days	are	relatively	late,	according	to	when	
the	rainy	season	usually	starts,	this	has	not	impacted	on	the	results	of	this	thesis.	
Also	the	sea	surface	temperature	dataset	lacks	a	few	days	and	nights.	Those	days	are	
2010‐11‐02,	2013‐03‐15,	2013‐03‐19	and	2013‐03‐20,	and	the	nights	are	2009‐06‐02,	
2009‐09‐03,	2009‐10‐14,	2011‐05‐10,	2013‐01‐15,	2013‐03‐19	and	2013‐03‐21,	but	
nor	this	will	have	any	significant	impact	on	the	results.	One	fact	that	might	influence	the	
outcome	is	instead	that	some	days	are	missing	data	for	up	to	90%	of	their	grid	points!	
This	can	certainly	be	of	major	drawback,	but	fortunately,	since	the	sea	surface	
temperature	is	showing	small	changes	on	a	day‐to‐day	basin,	this	is	probably	not	as	bad	
as	it	sounds.	
	
	

6.2	The	definition	
	
Given	that	more	time	would	have	been	available,	the	definition	could	have	been	chosen	
more	carefully.	However,	in	a	relatively	short	project	like	this,	the	definitions	were	
selected	based	on	findings	in	the	literature.	A	drawback	with	the	definition	is	that	all	
grid	points	are	not	certain	to	get	a	starting	day	of	the	rainy	season.	A	place	that	in	a	year	
receives	less	precipitation	than	usual	is	more	likely	to	not	get	at	starting	day.	Most	of	
those	times	it	depends	on	too	many	days	without	any	rain	rather	than	too	little	rain	
during	the	five‐day	period.	
	
There	is	no	detailed	underlying	physical	reason	for	the	chosen	numbers	in	the	
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definition.	As	a	benchmark,	the	fact	that	a	large	amount	of	precipitation	is	needed	to	
saturate	the	soil	after	the	dry	season,	a	threshold	of	16	mm	has	been	used	but	there	
might	of	course	be	reasons	for	having	a	higher	or	lower	threshold.	However,	a	too	high	
amount	would	make	the	soil	more	saturated	but	less	grid	points	will	get	a	starting	day	
because	the	definition	will	be	stricter.	A	too	low	amount	might	not	make	the	soil	
saturated	enough	and	the	risk	of	crop	growth	failures	is	higher.	This	threshold	of	16	mm	
should	also	be	put	into	perspective	to	the	total	amount	of	precipitation	during	the	five‐
day	period.	In	definition	4,	the	threshold	is	60	mm,	which	means	an	average	of	12	mm	
per	day,	so	when	the	five‐day	period	receives	60	mm	or	more,	there	is	strong	confidence	
that	one	of	those	days	gets	more	than	16	mm	of	precipitation.	
When	choosing	the	maximum	number	of	days	without	rain,	the	most	important	thing	to	
consider	is	that	the	soil	must	maintain	moist.	Therefore,	as	few	dry	days	as	possible	
should	be	used,	but	again,	that	will	give	less	grid	points	a	starting	day.	The	type	of	soil,	
evaporation	rates	due	to	presence	of	dry	air	and	type	of	crop	the	farmer	is	working	with	
all	complicates	what	kind	of	criterion	that	should	be	used	for	the	individual	farmer.	
	
Also,	in	the	way	that	the	criteria	of	the	definition	is	set,	the	rainy	season	is	allowed	to	
start	even	if	no	rain	is	received	until	four	days!	If	the	first	four	days	in	the	five‐day	
period	don’t	receive	any	precipitation,	but	day	number	five	gets	more	than	30	mm	(for	
definition	1),	the	starting	day	will	be	set	to	the	first	of	those	five	days,	if	the	dry‐days	
criterion	is	fulfilled.	To	avoid	this,	another	criterion	that	forces	the	starting	day	of	the	
rainy	season	to	receive	a	certain	amount	of	precipitation	might	be	used.	
The	definition	also	allows	a	dry	spell	that	might	have	an	impact	on	the	crops	since	no	
care	is	taken	to	whether	those	18	days	without	precipitation	will	appear	in	a	row.	On	the	
other	hand,	if	the	definition	would	involve	such	a	filter	for	consecutive	dry	days,	there	
should	also	be	a	threshold	for	what	will	count	as	a	dry	day	since	one	day	with	a	few	mm	
of	precipitation	would	not	be	of	much	help	to	the	farmers,	if	many	days	before	and	after	
are	still	dry.	
	
	

6.3	The	regions	
	
The	size	of	the	M‐areas	has	a	large	impact	at	the	mean	values	of	the	start	of	the	rainy	
season.	In	a	too	small	box,	the	extremes	(very	early	or	very	late	starts)	will	have	much	
more	influence	than	when	a	wider	box	is	used.	On	the	other	hand,	locations	that	are	
known	for	getting	an	earlier	start	of	the	rainy	season	than	other	locations	in	the	same	M‐
area,	will	be	predicted	to	get	the	start	later	than	when	it	actually	starts	due	to	the	
averaging.	
Another	drawback	with	the	M‐areas,	particularly	in	M57,	is	that	some	years	might	not	
give	a	starting	day	of	the	rainy	season	for	a	particular	grid	point	while	the	same	grid	
point	does	get	a	starting	day	in	another	year.	This	means	that	the	mean	value	of	the	
starting	day	involves	a	different	number	of	grid	points	from	year	to	year.	The	M57‐area	
is	the	region	with	the	highest	lack	of	grid	points	with	a	starting	day,	mainly	due	to	the	
fact	that	parts	of	the	Dahomey	Gap	is	located	in	this	area	with	much	more	erratic	rainfall	
patterns.	
The	size	of	the	M‐areas	not	only	affects	the	results,	it	also	have	a	great	impact	whether	
the	results	is	useful	for	the	farmers.	In	many	studies,	the	whole	of	West	Africa	is	
considered	as	one	single	region	and	the	starting	day	of	the	rainy	season	is	set	to	
represent	the	whole	of	West	Africa.	Even	if	a	perfect	definition	for	the	start	of	the	rainy	
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season	would	be	used,	the	results	would	be	of	no	use	for	the	farmers	if	the	M‐areas	were	
too	big.	Also,	having	them	too	small	might	be	problematic	since	there	can	be	large	
differences	even	in	small	latitudinal	or	longitudinal	steps,	deeper	analyses	would	be	
needed	to	create	regions	that	have,	somewhat	equal	starting	days	and	precipitation	
patterns.	This	is	of	course	possible	to	do	but	since	this	is	a	relatively	short	project,	there	
hasn’t	been	time	to	make	such	deep	analyses,	but	there	will	still	be	issues	with	the	fact	
that	local	convective	systems	can	start	the	rainy	season.	After	all,	the	Tropics	is	
governed	by	convective	rainfall	systems	that	gives	rise	to	large	spatial	and	temporal	
spread	that	blur	the	picture	of	the	larger	scale	transition	of	the	rainy	season	northwards.	
	
	

6.4	Patterns	in	precipitation	and	sea	surface	temperature	
	
As	shown	in	the	tables	A1‐A16	in	appendix,	most	of	the	methods	for	predicting	the	start	
of	the	rainy	season	are	not	good.	Only	a	few	are	skillfully	predicting	more	than	50	%	of	
the	years	correctly,	but	recall	what	is	considered	as	a	correct	prediction	here;	the	
method	must	predict	the	start	of	the	rainy	season	within	the	standard	deviation.	The	
standard	deviation	for	M1113	is	between	six	and	eight	days,	which	is	a	very	narrow	
interval,	especially	when	considering,	as	mentioned	above,	that	the	rain	that	actually	
gives	the	start	of	the	rainy	season	can	happen	within	a	five	days	range.	This	means	that	
the	models	not	just	might	be	better	than	the	numbers	are	telling	us,	but	they	actually	are	
better	even	though	the	numbers	of	correct	predictions	are	low.	
Since	the	models	are	created	to	make	a	seasonal	forecast,	it	would	be	very	naive	to	
assume	the	models	to	be	correct	in	every	year	within	such	low	standard	deviations.	
Since	all	methods	are	based	on	mean	values,	they	will	be	sensitive	to	extremes.	This	
means	that	if	a	threshold	occurs	or	a	criterion	is	met	for	a	method	much	earlier/later	
than	average,	the	start	of	the	rainy	season	cannot,	based	on	that,	be	assumed	to	start	
much	earlier/later	as	well.	Although,	the	methods	showed	very	good	correlation	with	
the	trends	(not	shown),	which	means	that	if	the	criteria	in	one	year	was	met	slightly	
earlier	than	the	year	before,	the	start	of	the	rainy	season	can	be	assumed	to	start	slightly	
earlier	as	well.	This	can	be	of	major	benefit	to	the	farmers.	
	
The	few	number	of	years	with	sea	surface	temperature	data	cannot	be	ignored	here.	
Even	though	definition	4	did	predict	all	five	years	in	M911	within	the	standard	
deviation,	table	A16	in	appendix,	it	cannot	be	stated	that	this	prediction	is	the	best	for	
that	area.	In	fact,	most	models	were	better	in	predicting	the	last	few	years	than	the	
earlier	ones.	Nevertheless,	the	studies	by	Nguyen	et	al.	(2011)	and	Sönnert	(2014)	
indicate	that	data	of	the	sea	surface	temperature	could	be	useful	when	creating	a	model	
for	predicting	the	start	of	the	rainy	season	in	West	Africa.	
	
The	fact	that	the	sea‐surface‐method,	with	the	maximum	temperature	as	a	threshold,	is	
predicting	less	correct	years	than	when	the	two	301	K	thresholds	are	reached	might	be	
due	to	the	uncertainty	in	when	the	maximum	temperature	occurs.	As	seen	in	figure	20,	
there	are	a	lot	of	days	with	approximately	the	same	temperature	as	the	maximum	
temperature,	but	it	is	easy	to	distinguish	when	the	temperature	reaches	and	falls	below	
301	K.	The	black	arrows	are	showing	two	days	when	a	rapid	change	in	sea	surface	
temperature	has	occurred.	These	changes	are	likely	to	be	a	consequence	of	how	the	sea	
surface	temperature	is	estimated.	Figure	20	shows	an	average	of	the	sea	surface	
temperature	in	the	box	from	10	W	to	10	E	and	5	S	to	the	equator	for	the	five	years	
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threshold	will	be	reached	before	it	is	reached.	This	is	a	major	benefit	of	using	a	model	
based	on	the	sea‐surface‐method	instead	of	a	model	based	on	the	rain‐event‐method.	
As	when	this	thesis	is	written,	the	sea	surface	temperature	is	thought	to	reach	301	K	just	
within	a	few	days	(around	day	60).	With	the	use	of	the	model	based	on	when	the	sea	
surface	temperature	reaches	301	K,	this	will	give	a	start	of	the	rainy	season	in	2014	
around	day	99	in	the	M57‐area,	which	corresponds	to	the	9th	of	April.	The	rain	event	
has	not	occurred	yet,	which	indicates	that	the	rainy	season	is	not	thought	to	start	before	
the	beginning	of	April	according	to	the	model	based	on	the	rain‐event‐method.	
	
	

6.5	The	predictions	
	
Considering	the	first	three	models,	based	on	the	isoline‐,	the	position‐	and	the	rain‐
event‐method,	it	is	good	news	that	the	one	that	occurred	earliest	is	the	best	one.	The	fact	
that	the	model	based	on	the	rain‐event‐method	with	a	threshold	of	10	mm	also	followed	
the	trend	most	accuratley	supports	that	even	more.	
	
It	has	been	stated	in	the	results	that	the	models	to	predict	the	start	in	the	M57‐area	are	
better	than	what	the	numbers	are	showing.	When	it	comes	to	predict	the	start	of	the	
rainy	season	in	the	more	northerly	regions,	the	same	thing	is	valid	here	too	but	in	an	
even	greater	way.	Since	the	least	square	method	creates	a	line	that	will	be	as	close	as	
possible	to	the	actual	start	of	the	rainy	season,	no	care	is	taken	to	the	fact	that	there	is	
major	differences	in	the	standard	deviation	from	year	to	year.	This	means	that	there	not	
only	might	exist	better	equations,	than	the	ones	shown	in	table	4,	but	that	there	actually	
does	exists	better	equations.	After	a	quick	look	at	figure	16,	which	shows	the	predictions	
in	the	M79‐area,	it	is	evident	that	if	the	prediction	curve	were	shifted	down	six	days,	the	
year	of	2009	would	have	been	predicted	correctly	within	the	standard	deviation	as	well,	
without	affecting	the	other	years	that	was	predicted	correct.	However,	the	trend,	which	
is	of	biggest	interest	in	the	models,	cannot	be	better	with	other	equations.	
With	that	said,	it	is	now	stated	once	and	for	all	that	the	models	used	in	this	thesis	are	
better	as	a	tool	for	predicting	the	start	of	the	rainy	season	than	the	results	are	showing.	
They	just	need	to	be	fine‐turned	by	bias	correction.	
	
When	using	the	start	of	the	rainy	season	in	a	southern	region	to	predict	the	start	in	a	
more	northern	region,	it	is	crucial	to	have	in	mind	that	the	prediction	will	fail	in	some	
years.	This	is	because,	as	mentioned	earlier,	the	M57‐area	is	a	complex	area	and,	as	seen	
in	figure	A10	in	appendix,	in	some	of	the	years	analysed	in	this	thesis,	the	start	of	the	
rainy	season	occurred	earlier	in	M79	than	in	M57	in	three	years	(2007,	2012	and	2013),	
in	M911	it	started	earlier	than	in	M79	in	one	year	(2004)	and	the	start	in	M1113	
occurred	earlier	than	in	M911	in	two	years	(2001	and	2005).	
So	how	come	that	the	rainy	season	can	start	in	the	more	northerly	region	before	it	starts	
in	the	southerly	ones?	According	to	the	work	by	Sönnert	(2014),	the	monsoon	is	moving	
from	south	to	north	in	basically	the	whole	West	Africa,	but	the	convective	cells	
associated	with	easterly	waves,	which	causes	most	of	the	precipitation	in	West	Africa,	is	
coming	in	from	the	east.	This	means	that	if	the	monsoon,	in	some	of	the	years,	reaches	a	
northern	region	before	the	rainy	season	has	started	in	a	southerly	one,	the	rainy	season	
might	start	in	the	northern	one	before	it	starts	in	the	southern	one,	caused	by	isolated	
but	strong	events	that	leads	to	fulfilment	of	the	criterion	in	the	definition.	Still,	since	the	
monsoon	must	pass	the	southern	parts	before	it	reaches	the	northern	ones,	the	chances	
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will	always	be	higher	for	the	rainy	season	to	start	in	the	southern	regions	before	the	
northern	ones.	This	fact	is	verified	by	the	figures	6	and	7,	which	shows	the	start	of	all	
four	definitions	for	the	years	2005	and	2012.	Over	all,	the	rainy	season	first	starts	in	the	
southerly	regions	and	then	in	the	more	northerly	ones,	but	in	every	year,	there	are	some	
areas	in	which	the	rainy	season	starts	earlier	than	southerly	ones,	for	example	in	2005,	
figure	6,	where	the	rainy	season	starts	at	11	N	more	than	a	month	before	it	starts	at	9.5	
N	with	definition	2.	This	behaviour	is	seen	in	every	analysed	year	(not	shown)	of	this	
thesis.	
	
In	the	prediction	equation	for	the	M911‐area,	there	is	a	minus	sign.	This	simply	means	
that	an	early	start	of	the	rainy	season	in	M57	is	thought	to	give	a	late	start	in	M911	and	
the	other	way	around.	This	is	not	as	expected,	but	highlights	the	complexity	of	
predicting	the	start	of	the	rainy	season.		
The	forecasts	for	the	M1113‐area	shows	small	changes	in	time	and	basically	predicts	the	
start	in	between	day	170	and	180	in	all	13	years,	and	when	looking	at	the	equation	that	
is	used	to	predict	the	start	in	this	area	(158.03	+	0.16*(RE	+	23)),	it	is	obvious	that	no	
greater	variety	are	allowed.	Since	the	start	of	the	rainy	season	in	all	the	three	
northernmost	M‐areas	are	based	on	the	start	in	the	M57‐area,	it	is	no	surprise	that	the	
most	northern	one	got	the	fewest	correctly	predicted	years.	Also,	as	shown	in	figure	18,	
the	variety	of	when	the	rainy	season	did	start	in	the	M1113‐area	is	big,	max	and	min	
differs	with	45	days,	and	the	method	to	make	a	forecast	to	M1113	is	less	reliable	than	
the	others.	
	
It	also	needs	to	be	mentioned	that	some	of	the	methods	were	pretty	good	in	predicting	
the	start	in	the	northerly	regions,	straight	ahead	as	seen	in	the	tables	A1‐A16	in	
appendix,	especially	in	M79	and	M911.	A	reason	to	that	is	that	the	standard	deviation	in	
the	M57‐area	is	smaller	than	the	two	northerly	regions.	However,	predicting	the	start	in	
the	M57‐area	first	will	be	preferable	since	it	gives	the	meteorologist	a	chance	to	correct	
the	forecast	in	a	decent	way	as	time	goes	by.	
	
	

6.6	Suggestions	for	improvements	
	
To	check	how	much	precipitation	a	certain	crop	needs	before	and	after	it	is	planted	for	
optimal	growth	and	then	implement	that	requirement	in	the	definition.	
	
In	this	thesis,	if	the	definition	indicates	a	starting	day	of	the	rainy	season	that	occurs	at	
day	60	or	earlier	at	one	grid	point,	that	grid	point	will	not	get	a	starting	day	at	all.	An	
improvement	could	be	to	let	that	grid	point	have	a	second	chance	of	getting	a	starting	
day	after	the	60	days	threshold.	By	simple	analyses,	most	of	these	too	early	starters	
occurred	over	the	Gulf	of	Guinea	so	it	should	however	have	small,	or	none,	impact	of	the	
results	in	this	thesis.	
	
The	threshold	of	16	mm	(in	this	thesis)	within	the	five‐day	period	could	have	been	
forced	to	occur	at	the	first	day	of	the	five‐day	period.	Even	though	this	will	correct	the	
prediction	of	the	start	of	the	rainy	season	with	a	few	days,	which	in	a	large‐scale	
perspective	won’t	be	crucial	at	that	point,	it	will	be	an	improvement.	
	
Perhaps	the	major	improvement,	among	a	check	with	when	the	farmers	actually	did	
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start	to	sow,	would	be	if	more	data	were	available.	Especially	the	sea	surface	
temperature	data	since	a	lot	of	studies	indicate	that	it	has	a	large	influence	on	the	
features	associated	with	the	rainy	season.	
	
Even	if	there	would	have	been	a	method	that	predicted	the	start	of	the	rainy	season	in	a	
very	accurate	way,	there	have	been	no	comparisons	at	all	to	when	the	farmers	in	the	
different	regions	actually	did	start	to	sow	in	each	of	the	analysed	years.	A	comparison	
between	the	two	would	be	of	huge	interest	when	analysing	which	definition	is	the	best	
or	if	anyone	of	them	is	good	enough.	
For	instance,	definition	4	is	a	safer	definition	than	definition	1,	meaning	that	using	
definition	4	reduces	the	risk	of	crop	failure	due	to	too	early	planting	and	it	has	also	been	
shown	in	the	tables	A9	–	A12	in	appendix	that	the	model	based	on	the	rain‐event‐
method	gives	more	correct	predictions	with	the	use	of	definition	4	than	the	other	
definitions.	Still,	this	is	not	evidence	enough	to	state	that	definition	4	is	a	better	
definition	than	any	of	the	others!	Particularly	not	if	this	definition	would	make	the	
farmers	missing	out	on	substantial	growth	conditions	every	year,	just	because	the	rainy	
season	is	defined	to	start	later.
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7.	Summary	
	
	
When	a	project	like	this	is	performed	in	order	to	help	agricultural	projects	in	developing	
countries,	whether	it	is	on	a	small	or	larger	scale,	it	is	crucial	to	define	the	start	of	the	
rainy	season	as	when	conditions	for	starting	to	sow	is	fulfilled.	The	work	of	this	thesis	
has	shown	that	by	using	a	definition	that	corresponds	to	those	conditions,	a	similar	but	
less	strict	definition	can	be	used	to	verify	that	the	definition	is	reliable	to	use	without	
having	a	major	risk	of	crop	failure	due	to	too	early	planting	of	the	crops.	
By	investigating	different	pattern	in	the	behaviour	of	the	precipitation	and	sea	surface	
temperature	in	the	Gulf	of	Guinea,	connections	are	found	and	indicate	that	some	of	these	
patterns	might	be	useful	when	trying	to	predict	the	start	of	the	rainy	season.	
A	lot	of	studies	have	resulted	in	that,	in	particular,	changes	in	the	sea	surface	
temperature	would	have	major	influence	to	not	just	the	start	of	the	rainy	season	but	also	
the	accumulated	rainfall	during	the	rainy	season.	Unfortunately,	only	a	few	years	of	sea	
surface	temperature	data	was	available	to	this	thesis	and	therefore,	none	of	the	theories	
that	involved	the	sea	surface	temperature	could	be	verified	properly.	
When	it	comes	to	the	criteria	of	the	precipitation,	one	type	of	method	was	better	than	
the	rest.	The	criterion	for	this	method	is,	in	short	terms,	the	first	day	of	the	year	when	a	
large	rain	event	was	taking	place	over	the	Gulf	of	Guinea.	On	average,	this	event	
happened	23	days	before	the	rainy	season	started	in	the	M57‐area	and	over	the	13	years	
that	was	investigated	here,	a	method	that	simply	adds	23	days	to	the	day	when	the	rain	
event	occurred	predicted	6	years	correct,	within	the	standard	deviation	of	the	start	of	
the	rainy	season,	in	the	M57	area.	6	out	of	13	is	not	very	good	for	a	statistical	forecast	of	
just	over	three	weeks,	but	the	predictions	followed	the	trend	very	well	and	can	therefore	
still	be	used	to	help	the	farmers.	
The	more	northerly	regions	were	then	predicted	by	the	use	of	when	the	rainy	season	
started	in	the	M57‐area	with	a	result	of	8	correct	years	in	M79,	8	in	M911	and	6	in	
M1113.	Also	here,	the	relation	was	very	good	and	since,	for	instance,	the	start	of	the	
rainy	season	in	M911	occurred	in	average	73	days	after	the	rain	event	took	place,	this	is	
a	very	good	forecast	and	could	be	of	major	benefit	to	the	farmers.	
The	start	of	the	rainy	season	in	M57	and	M79	occurred	when,	approximately,	20	–	25	%	
of	the	total	amount	of	the	annual	precipitation	had	fallen.	
Since	the	start	of	the	rainy	season	in	M57	is	predicted	based	on	mean	values,	the	
forecasts	are	not	reliable	when	the	rain	event	is	occurring	much	earlier	or	much	later	
than	usual.
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8.	Conclusions	
	
	
The	start	of	the	rainy	season	in	West	Africa	needs	to	be	defined	so	it	occurs	when	the	
farmers	can	start	to	sow.	The	start	of	the	rainy	season	is	defined	as	when	a	five‐day	
period	receives	40	mm	of	precipitation	or	more	with	at	least	16	mm	in	one	of	those	days,	
followed	by	30	days	with	a	maximum	of	18	days	without	rainfall.	On	average,	the	start	
occurs	in	the	four	areas,	that	all	goes	from	4.0	W	to	0.6	E	and	5	N	–	7	N,	7	N	–	9	N,	9	
N	–	11	N	and	11	N	–	13	N,	at	the	21st	of	April		10	days,	the	3rd	of	May		16	days,	the	
10th	of	June		13	days	and	the	25th	of	June		7	days	respectively	(in	years	without	leap	
year).	
	
The	rainy	season	is	possible	to	predict,	in	order	to	help	the	farmers	in	their	daily	work,	
with	models	based	on	conditions	and	criteria	that	occurs	and	are	met	over	the	Gulf	of	
Guinea.	Corrections	will	be	needed	overtime	as	common	regarded	to	seasonal	forecasts.	
The	models	investigated	in	this	thesis	are	in	particular	good	in	predicting	if	the	rainy	
season	will	start	earlier	or	later	than	the	year	before.	
	
The	result	in	this	thesis	gives	no	reliable	indications	on	how	to	predict	the	rainfall	
anomalies	of	the	rainy	season	with	the	use	of	sea	surface	temperature,	simply	because	
the	theories	couldn’t	be	tested	due	to	the	poor	amount	of	available	data.	Still,	the	theory,	
which	says	that	the	start	of	the	rainy	season	is	highly	influenced	by	changes	in	sea	
surface	temperature,	is	thought	to	be	correct	until	the	opposite	is	verified.
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Figure	A12.	The	sttart	of	the	raainy	season in	the	M‐areeas	for	definnition	4.	
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Table	A1.	The	number	of	years	that	were	predicted	correct	within	the	standard	deviation	for	the	
model	based	on	the	isoline‐method	for	definition	1.	

Def	1	 Rain	isoline	of:	 Total	
score	1	mm	 2	mm	 3	mm	 4	mm	 5	mm	 6	mm	

M57	 5	 5	 4	 5	 7	 4	 30	
M79	 5	 5	 5	 5	 3	 3	 26	
M911	 5	 9	 9	 7	 9	 5	 44	
M1113	 4	 4	 3	 5	 4	 4	 24	
Total	
score	

19	 23	 21	 22	 23	 16	 124	

	
Table	A2.	The	number	of	years	that	were	predicted	correct	within	the	standard	deviation	for	the	

model	based	on	the	isoline‐method	for	definition	2.	
Def	2	 Rain	isoline	of:	 Total	

score	1	mm	 2	mm	 3	mm	 4	mm	 5	mm	 6	mm	
M57	 5	 5	 4	 3	 6	 5	 28	
M79	 5	 5	 5	 5	 3	 4	 27	
M911	 3	 8	 8	 6	 7	 6	 38	
M1113	 4	 4	 4	 4	 6	 5	 27	
Total	
score	

17	 22	 21	 18	 22	 20	 120	

	
Table	A3.	The	number	of	years	that	were	predicted	correct	within	the	standard	deviation	for	the	

model	based	on	the	isoline‐method	for	definition	3.	
Def	3	 Rain	isoline	of:	 Total	

score	1	mm	 2	mm	 3	mm	 4	mm	 5	mm	 6	mm	
M57	 4	 4	 3	 3	 5	 3	 22	
M79	 5	 6	 5	 5	 5	 4	 30	
M911	 4	 7	 7	 6	 6	 4	 34	
M1113	 2	 3	 4	 5	 5	 3	 22	
Total	
score	

15	 20	 19	 19	 21	 14	 108	

	
Table	A4.	The	number	of	years	that	were	predicted	correct	within	the	standard	deviation	for	the	

model	based	on	the	isoline‐method	for	definition	4.	
Def	4	 Rain	isoline	of:	 Total	

score	1	mm	 2	mm	 3	mm	 4	mm	 5	mm	 6	mm	
M57	 5	 4	 3	 3	 3	 3	 21	
M79	 7	 8	 6	 6	 7	 3	 37	
M911	 3	 7	 6	 7	 7	 4	 34	
M1113	 5	 3	 4	 2	 5	 3	 22	
Total	
score	

20	 22	 19	 18	 22	 13	 114	
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Table	A5.	The	number	of	years	that	were	predicted	correct	within	the	standard	deviation	for	the	
model	based	on	the	position‐method	for	definition	1.	

Def	1	 Rain	
max	

Centroid	 Centroid	that	neglect	precipitation	lower	than	a	
zonal	mean	threshold	of:	

Total	
score	

1	mm	 2	mm	 3	mm	 4	mm	 5	mm	 6	mm	
M57	 4	 3	 3	 2	 5	 4	 4	 4	 29	
M79	 4	 3	 3	 3	 3	 4	 4	 4	 28	
M911	 7	 4	 4	 6	 9	 7	 7	 9	 53	
M1113	 6	 3	 3	 3	 6	 5	 5	 6	 37	
Total	
score	

21	 13	 13	 14	 23	 20	 20	 23	 147	

	
Table	A6.	The	number	of	years	that	were	predicted	correct	within	the	standard	deviation	for	the	

model	based	on	the	position‐method	for	definition	2.	
Def	2	 Rain	

max	
Centroid	 Centroid	that	neglect	precipitation	lower	then	a	

zonal	mean	threshold	of:	
Total	
score	

1	mm	 2	mm	 3	mm	 4	mm	 5	mm	 6	mm	
M57	 4	 4	 4	 3	 5	 4	 4	 3	 31	
M79	 4	 5	 5	 5	 6	 5	 5	 5	 40	
M911	 7	 4	 4	 6	 7	 8	 6	 7	 49	
M1113	 5	 4	 4	 3	 5	 4	 4	 6	 35	
Total	
score	

20	 17	 17	 17	 23	 21	 19	 21	 155	

	
Table	A7.	The	number	of	years	that	were	predicted	correct	within	the	standard	deviation	for	the	

model	based	on	the	position‐method	for	definition	3.	
Def	3	 Rain	

max	
Centroid	 Centroid	that	neglect	precipitation	lower	then	a	

zonal	mean	threshold	of:	
Total	
score	

1	mm	 2	mm	 3	mm	 4	mm	 5	mm	 6	mm	
M57	 4	 3	 3	 3	 4	 5	 4	 3	 29	
M79	 7	 7	 7	 7	 6	 6	 6	 6	 52	
M911	 8	 4	 4	 6	 7	 6	 7	 8	 50	
M1113	 9	 4	 4	 1	 2	 3	 2	 4	 29	
Total	
score	

28	 18	 18	 17	 19	 20	 19	 21	 160	

	
Table	A8.	The	number	of	years	that	were	predicted	correct	within	the	standard	deviation	for	the	

model	based	on	the	position‐method	for	definition	4.	
Def	4	 Rain	

max	
Centroid	 Centroid	that	neglect	precipitation	lower	then	a	

zonal	mean	threshold	of:	
Total	
score	

1	mm	 2	mm	 3	mm	 4	mm	 5	mm	 6	mm	
M57	 3	 3	 3	 2	 4	 4	 4	 3	 26	
M79	 9	 9	 9	 9	 8	 8	 8	 9	 69	
M911	 7	 5	 5	 5	 7	 6	 6	 7	 48	
M1113	 3	 3	 3	 4	 4	 4	 4	 4	 29	
Total	
score	

22	 20	 20	 20	 23	 22	 22	 23	 172	

	
	

IX 



The	precipitation	threshold	of	14	mm	was	not	reached	in	the	year	of	2007.	Therefore,	
the	numbers	in	the	14	mm	column	is	only	based	over	12	years.	
	
	
Table	A9.	The	number	of	years	that	were	predicted	correct	within	the	standard	deviation	for	the	

model	based	on	the	rain‐event‐method	for	definition	1.	
Def	1	 The	precipitation	threshold	 Total	

score	6	mm	 8	mm	 10	mm	 12	mm	 14	mm	
M57	 3	 3	 6	 5	 2	 19	
M79	 7	 5	 4	 6	 5	 27	
M911	 7	 4	 4	 6	 6	 27	
M1113	 5	 3	 3	 5	 2	 18	
Total	
score	

22	 15	 17	 22	 15	 91	

	
Table	A10.	The	number	of	years	that	were	predicted	correct	within	the	standard	deviation	for	

the	model	based	on	the	rain‐event‐method	for	definition	2.	
Def	2	 The	precipitation	threshold	 Total	

score	6	mm	 8	mm	 10	mm	 12	mm	 14	mm	
M57	 3	 4	 6	 4	 3	 20	
M79	 7	 6	 5	 5	 5	 28	
M911	 7	 4	 4	 6	 5	 26	
M1113	 6	 2	 3	 6	 3	 20	
Total	
score	

23	 16	 18	 21	 16	 94	

	
Table	A11.	The	number	of	years	that	were	predicted	correct	within	the	standard	deviation	for	

the	model	based	on	the	rain‐event‐method	for	definition	3.	
Def	3	 The	precipitation	threshold	 Total	

score	6	mm	 8	mm	 10	mm	 12	mm	 14	mm	
M57	 4	 4	 4	 1	 1	 14	
M79	 7	 6	 4	 5	 5	 27	
M911	 5	 4	 4	 5	 4	 22	
M1113	 4	 2	 3	 5	 3	 17	
Total	
score	

20	 16	 15	 16	 13	 80	

	
Table	A12.	The	number	of	years	that	were	predicted	correct	within	the	standard	deviation	for	

the	model	based	on	the	rain‐event‐method	for	definition	4.	
Def	4	 The	precipitation	threshold	 Total	

score	6	mm	 8	mm	 10	mm	 12	mm	 14	mm	
M57	 3	 5	 4	 1	 3	 16	
M79	 8	 8	 6	 7	 8	 37	
M911	 4	 6	 6	 6	 6	 28	
M1113	 4	 4	 3	 5	 3	 19	
Total	
score	

19	 23	 19	 19	 20	 100	
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Table	A13.	The	number	of	years	that	were	predicted	correct	within	the	standard	deviation	for	
the	model	based	on	the	sea‐surface‐method	for	definition	1.	

Def	1	 The	average	temperature	is:	 Total	score	
Reaching	301K	 Reaching	its	

max	
Falls	below	

301K	
M57	 3	 0	 2	 5	
M79	 3	 2	 2	 7	
M911	 3	 3	 4	 10	
M1113	 1	 3	 2	 6	

Total	score	 10	 8	 10	 28	
	
Table	A14.	The	number	of	years	that	were	predicted	correct	within	the	standard	deviation	for	

the	model	based	on	the	sea‐surface‐method	for	definition	2.	
Def	2	 The	average	temperature	is:	 Total	score	

Reaching	301K	 Reaching	its	
max	

Falls	below	
301K	

M57	 3	 0	 2	 5	
M79	 3	 2	 3	 8	
M911	 3	 3	 4	 10	
M1113	 1	 3	 2	 6	

Total	score	 10	 8	 11	 29	
	
Table	A15.	The	number	of	years	that	were	predicted	correct	within	the	standard	deviation	for	

the	model	based	on	the	sea‐surface‐method	for	definition	3.	
Def	3	 The	average	temperature	is:	 Total	score	

Reaching	301K	 Reaching	its	
max	

Falls	below	
301K	

M57	 4	 0	 1	 5	
M79	 3	 4	 3	 10	
M911	 3	 4	 4	 11	
M1113	 2	 1	 3	 6	

Total	score	 12	 9	 11	 32	
	
Table	A16.	The	number	of	years	that	were	predicted	correct	within	the	standard	deviation	for	

the	model	based	on	the	sea‐surface‐method	for	definition	4.	
Def	4	 The	average	temperature	is:	 Total	score	

Reaching	301K	 Reaching	its	
max	

Falls	below	
301K	

M57	 4	 1	 1	 6	
M79	 3	 3	 3	 9	
M911	 3	 2	 5	 10	
M1113	 2	 1	 3	 6	

Total	score	 12	 7	 12	 31	
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Table	A17.	The	percentage	of	grid	points	that	didn’t	receive	a	starting	day	for	the	four	
definitions.	

Year	 Definition	
1	

Definition	
2	

Definition	
3	

Definition	
4	

2001	 1.70 % 1.84 % 2.93 % 4.37	%	
2002	 0.76 % 0.98 % 2.82 % 7.08	%	
2003	 0.51 % 0.47 % 0.44 % 0.52	%	
2004	 0.39 % 0.35 % 1.02 % 4.09	%	
2005	 1.48 % 0.76 % 0.42 % 1.45	%	
2006	 1.19 % 0.69 % 0.42 % 1.29	%	
2007	 0.28 % 0.35 % 1.10 % 2.64	%	
2008	 0.59 % 0.53 % 0.81 % 2.47	%	
2009	 0.35 % 0.34 % 0.57 % 1.81	%	
2010	 4.40 % 3.91 % 3.02 % 2.65	%	
2011	 6.36 % 5.58 % 4.74 % 4.94	%	
2012	 0.47 % 0.37 % 0.42 % 0.53	%	
2013	 3.11 % 3.11 % 3.62 % 6.38	%	

	
	

Table	A18.	The	root	mean	square	error,	RMSE,	for	each	definition	and	each	year.	
Year	 Definition	1	 Definition	2	 Definition	3	 Definition	4	
2001	 13.95	 12.43	 10.57	 8.82	
2002	 17.14	 15.43	 12.85	 11.17	
2003	 9.73	 8.84	 8.00	 8.13	
2004	 9.55	 8.15	 7.11	 8.45	
2005	 12.61	 10.40	 7.01	 7.12	
2006	 14.50	 13.21	 11.49	 9.23	
2007	 13.98	 12.58	 10.54	 6.62	
2008	 9.41	 8.22	 7.09	 6.22	
2009	 16.84	 14.51	 11.74	 7.52	
2010	 13.36	 12.36	 9.27	 8.15	
2011	 14.68	 13.35	 12.21	 10.55	
2012	 13.75	 11.19	 8.52	 5.96	
2013	 14.23	 12.06	 11.67	 8.95	
Mean	 13.36	 11.75	 9.85	 8.22	
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