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ExecutivesSsummary

The Smallholder Agricultural Development and Commercialisation Project (S&8R&pected to be
implemented over a 7 year period (262024)in the central highland®lanaltoregion of Angola,
including the provinces of BengueBi¢ Cuanza SuHuamboHuilaand MalanjeThe SADCP will be
implemented by the Angolan Government in participation with several development partners, including
the International Fund for Agricultural Development (IFAD) and the World Bank(¢{®)port of the
projectdevelopment process, @limate Risk Analysitidy was undertaken to determiriater aliai)

the current and future climate characteristics of the project area; ii) the current and future suitability
of various crop species to the project area; anddightify risks related to climate change, as well as
potential adaptation options and opportunities to increase climate resilience.

The Climate Risk Analysis was undertaken in two phases, the first of which was a Preliminary Climate
RiskAnalysigfPCRA)ndertaken in October 2016. The latter study provided a brief summary of baseline
climate in the project area, observed and predicted climate change impacts in Angola, and an
assessment of the agricultural value chains and primary commodities in the prejctn addition,

the PCRA provided a summary of the baseline distribution of crop suitability index scores (i.e. the
relative suitability or production potential for a given crop) across the project area. Consequently, the
latter information is not premnted in detail in this report, which represents the second phase of the
Climate Risk Analysis stuglyeaders are encourage to refer to the PCRA report (October 2016) for a
detailed description of the baseline climate and crop suitability zones in tjeetaoea

The following reporthenceforth referred to as the Climate Risk Analysis (@Bwjles an updated
analysis of the baseline situation described in the PCSA. The updated CRAImetuales
1 A brief summary of climate, as well as observatimedicted climate changes, in Angola. The
latter summary is based on past studies and literature reviewed and is presented for
background context in Sectidn
1 Analysis of regionddvel and provincidevel climate changes predicted in the period from
W, AaStAYSQT (2 WbSFENI ¢SNY Cdzidz2NE Ay (GKS | SI NJ
HAPpNnQ O0beCHnpnoX NBALISOIAPGSted ¢KS NBaaz Ga 27
(Baseline Climate), SectiBrl (Predictectlimatechanges and anoafies at a regional level)
and SectiorB.2 (Predicted climate changes and anomalies within each respective province).
1 Analysis of predicted changes to crop suitabflist of crops assessed beloag a result of
Of AYIF(S OKIFyYy3aSs AWS QK2 LISINRRRN FINNBRS a¥. HmapSHt AG A Y
The results of the latter analyses are summarised in Sddtoreach individual crop or cultivar
assessed.
I Summarised climate change impacts, climate risks, opportunities and adaptation options in
eachof the six provinces of the study regidie latter summaries are presented in Sechion

The predicted effects of climate change are not consistent across the full extent of the study area.
However, several general observations can be made for afl thi® studied provinces. For example,

all provinces in the study area are predicted to experience increasing temperatures throughout the
8SIFNE AYRAOFIGSR o0& AYONBIFIaASR | gSNI IS Y2yOaKte We
¢ SYLISNI (dzNB Q dall @azNsK &eNJgradidsd to experience increasing delays or
inconsistencies in the onset of rainfall, where thenths of September, October and in some cases
November are characterised by deficits in rainfall.

Thestudy assessed thedfect of climaé change otthe relative suitability of the project area for various
agricultural crops, detailed in the table below.



Summary table: Crop varieties assessed in EcoCrop analyses of future suitability under climate change

Crop Species and varieties assekse Number varieties
assessed

Cassava | Manihot esculenta 1

Bananas | Musa acuminatdCavendish table banana) 3

M. balbisiangcooking plantain)
M. balbisiana«M. acuminata(hybrid plantain)

Sweet Ipomoea batatas 1
potato
Maize Zea mayds.mays 3

Z. mayy.indurata; indentatgflint and dent maize varieties)
Z. mayy.amylacea; evertaunicate(soft, pop and pod maize

varieties)
Sugarcan| Saccharum officinarum 1
e
Sorghum | Sorghum bicoldflow-altitude and high altitude varieties)
Millet Pennisetum glacum
Coffee Coffeea arabicéarabica coffee); 2

C. robustgrobusta coffee)

The combined effects of reduced precipitation and increased temperatures are likely to have negative
effects on climatesensitive crops such as maize, sweet potato and cdffeeever, despite these
common trends, there are also several proviapecific effects on climate variables and resultant crop
suitability that will necessitate the development of ldeakl adaptation plans and strategies for
agricultural development.

Of all the provinces assessefililais considered to be particularly vulnerable to climate change, where
the suitability index scores and total suitable area of several important antgrsafiacassava, maize,
sorghum, banana) are predicted to decee@s a result of climate chandduilais predicted to be
particularly negatively affected by reduced rainfall as well as increased temperatures, and as a result
the suitable range of several crop types is predicted to be reduced in the southern andhwester
lowlands of the provinces. Certain other provinces may enjoy both negative and positive effects as a
result of climate change, wheités predicted thaincreased temperatuemay improve the production
potential of several crops. For example, in thethmrn extent of the study area, including much of
Huambo,Bié Malanje and Cuanza Sul provinces, it is predicted that climate change will result in
increased suitability for staple crops such as maize and cassava as well as valuable cash crops such as
barana and coffee.

It is important to note that these analyses are based on consideration of a namges of modelled
variables and the resultant effects on crop suitability. This study cannot account féevetéctors

such as differences in perfoamce, climatic suitability and yield potential between local land races or
improved cultivars. In addition, the study cannot consider or predict the effect of different cultivation
methods and technologies that may be practiced within the study aredyFindaerms of predicting

the likely effects of climate change and resultant risks to crop production, this study cannot account for
indirect effects of climate change on crop production, such as increased vulnerability to pests and
disease, soil degradah or flooding/waterloggingdowever, the study does find that climate change

is likely to result in multiple negative effects on smallholder farmers in the study area through disruption
of familiar seasonal trends, increased water and heat stress ande@drowing season. Potential
opportunities for adaptation and crop diversification have been identified for each of the six provinces
and are described in the contents of this report.



1. Climate ancClimate Change in Angola

1.1 Baseline Climasnd Wetherof Angola

The country has two distinct seasayisot, humid and rainy season (October to May) and dry and cool

(June to September). Rainfall decreases from north (@80Co south (50mm, particularly in desert

areas) in the country as the coolingeett of the Benguela current become pronounced. Temperatures

in Luanda average 25°C in January and 21°C in the winter month of July. With less rain along the coast,

the capital (Luanda) receives an average of ~300mm annually (GoA,!2¢12)2 f | Q& gicdlS (i S 2 NP |
records are notoriouslynreliable and inconsisterit & I NBadzZ & 2F G(KS RAAaANBI
monitoring network, and as a result there are large geographic and historical gaps in data. For example,
rainfall data idased on a monitoring netword 500 station of which onk20 areconsidered to be

fully functional, which provides an inadequate level of detail to inform accurate and downscaled
Fyrfteaira FyR F2NBOlFLada 2F !'y3az2ttQa OfAYF(dSo

1.2 Observed Climate Change Trends in Angola

According to A8 2 f Ihiti@ldNational CommunicatigiNG GoA 2012surface temperaturéncreass

of 0.2to 1.0°Cwere observed fronr1970 and 2004 within the coastal areas and northern regions of
Angola; ad an increasef between 1.0 an@.0°Cin the central and eastn regions of the countnair
temperature datan Luandandicated an increase 00:2 °C per decadéotalling anincreaseof 2.1°C
between 1911 and 201with greater increasesbservedduring the cool seasoMeteorological data
extracted fronthe ceriral plateau of Agola, where data sets are more reliai@tative to the majority

of the country do not indicateanyclearchange in seasonal precipitation tren(iSoA 201

The sectorswhich are considered to begarticularlyvulnerable to climate cmge in Angolanclude

natural resourcediodiversity, human health, infrastructure, fisheries, andcatiure and food

security. Given the uncertainties pnojected trends irprecipitation, specific impacts are difficult to

predict Howeveiit isanticipatedthat dimate change will increase the severity of existirgerabiliies
(LotzSistika and Urquhart, 201 4otably extreme events such as droughts and flobs entire SADC

region, including Angola, has been severely impacted by the disrupfidhe Bl Ninceffect. The

country experienced a severe drought during the 28B4 agricultural cyclevhich resulted in
widespread food insecuriyy 0 KS O2dzy G NBE Q& a2dzi KSNYy LINRPOAYyOSao®
in six provinces, particularlCunene (543,000)Huila (583,000) and Namibe (162,092), where
production losses of cereals and legumes were ~100% (UNICEF TR@ldybsequent agricultural

cycle in 201§2016 was similarly impacted such that the United Nations Office for Coordination of
Humanitarian AffairBl B LI2 NI a4 (KFHESAQHNBE LIS2LIX S Ay
of which 78% are located in Cunehkeilaand Namibe. Cunene being the greatest affected province,
800000 people residing in rural communities were e&td in 2016 compared to 5@DO affected in

0KS LINSOA2dza @& Bhe Office af thé UN Residant Goprdind@tor reports that the heavy
downpours and flash floods that typify the rainy season are expected to exacerbate the food security
situation inthe 20162017 season (UNORC, 20A6hrief summary of the scale and frequency of
climaterelated disasters (droughts and floods) in Angothé period 196¢2014 is presented in Table

1, below.

Tablel. Recorded impacts of droughnd flood in Angola (1928014) (UNICEF, 2014)

Disaster Disaster Events Total Total Total damage (‘000
type subtype count deaths affected US$)

Drought Drought 7 58 4443900 0
Flood Riverine flood 24 468 1088608 10,000
Flood - 9 74 11,6228 0
Flood Flash flood 4 134 5,755 0




1.3 Projected Climate Change

Considering the limited availability of observational data to inform analytical models, there is a relatively
wide range of uncertainty of the likely effect of climate change in ArRpolgctionf averageannual

rainfall over the country frorm number ofmodelsillustrate a wide range of changes in rainfall patterns

for AngolgRoA, 2015)PCC scenarios (SRES A1B scenario as shown in the IPCC 4th Assessiment Report
projectan increase of mean anal temperatureangingbetweenl.2 to 3.2°C by the 2060s, and 1.7 to

5.1°C by the 2090dPCC, 2014However, in general allimate models project thafngola will
experience increased temperatures, more extreme weather events, an expansion of agdaanid

regions, seasonal shifts in rainfall, localized floods, increased wildfires, sea level rise, increased rainfall
in the northern parts of the country, changes irriffows and changes $s®a and surface water body
temperaturesover the coming Q0 yearRoA, 2015)

Existing climateelated hazards such as drought and floods are likely to become more frequent and
severe, particularly in the southern regiomheNational Adaption Programme of Actio2011(NAPA
emphasises the likelihood of neiga impacts on sectors includiagriculture and food securitgs well

as natural resourceand biodiversity, fisheriesyater resourceshuman health, infrastructure, and
energy(RoA, 2011)The agriculture sector is considered to be particularly vabierto the impacts of
hazards such as drought and flood, in addition to which it is predicted that changes in the onset and
duration of the growing season will further exacerbate food insec@itysible shifts in the growing
season are likely to includeducedduration of the growingseasorin Southern ard coasal regiors,

and a shift from two seasons towards one annual growing season in the Northern (egia8sstika

and Urquhart, 2014).

In addition to the climatic variables which directly infeeecrop performance (primarily temperature

and precipitation), there are a number of other hazards related to climate change that may result in
negative impacts on the most climatalnerable communities. For example, the widespread disrepair
andunderdeve 2 LIYSyY i 2F ! y32tl Qa NRIR ySGtg2N] A& | fNBI
for rural communities, resulting in large transport costs, high rates of spoilage and poor quality in the
marketplace.lt is likely that these negative impacts on agrimalt households are likely to be
exacerbated as a result of the increased frequency and severity of floods predicted for Angola. Another
existing barrier to the development of the agricultural value chain which may be exacerbated by the
effects of climatehange is the high rates of food spoilage and limited capacity fohposist storage

that characterises many subsisterfarming households. In certain cases, particularly storage of cereal
crops, inadequate drying or storage of grain promotes growtheoAspergillusungus, which results

in contamination of food with the carcinogenic aflatogimd severely exacerbates existing food
insecurity and malnutrition. Baranyi et al. (2015) found that range of areas characterised by
aflatoxin was likely timcrease as a result of increased temperatures and humidity, but that this increase
would largely occur in temperate climate# was not clear from the latter study whether subpical

and tropical climates would similarly be increasingly vulneratddatoxin outbreaks (Baranyi et al.,
2016).

10



2. Baseline Climate andaather inAngol®) ®landt®? LINR A y OS a

The provinces prioritised for inclusion in this climate risk analysis include the coastal provinces of
Benguela and Cuanza Sul and the thiamwovinces of MalanjeBi€ Huambo andHuila encompassing

an area ranging in altitude from 0 to ~1,600m above sea level. The majority of the contiguous area
between these provinces is covered by Bianaltomidland plateau region, which extends from the
esarpment ~3650km inland from the senairid coastal zone towards the interior highlands of the
country. Figurd (below) depicts the provinces assessed.
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Figurel. Map ofprovinces selected for analysis of climate risks

Baselineclimate data for the project area was derived from Worldclim historical dsttaldClim

Version 1 provides average monthly climate data for minimum, mean, and maximum temperature and

for precipitation for the period 1960990. Data is provided at a resibm of ~1knd (a resolution grid

of 30 areseconds)Detailed information on the methods used to generate WorldClim climate layers,

units and formats of data etc. is provided by Hijmans et al. (20@8)polations of observed data
representative of the @riod 1966Mm pcpn | NBE KSY OSTF2NI K NBFSNNBR (2 |
period.

2.1 Summarised temperature and precipitation across study area

The coastal zone and interigulanalto varies widely in climate, soil type and topography and
consequenthsupports a wide variety of subsistence and cash crops. The three following figures depict
the average variation in monthly precipitation, monthly minimum temperature and monthly mean
temperature, respectively, across the six provinces assessed. Figsihg Z-ibelow, depicts the
average of all provinces in tRéanaltoregion by month. Figui& further below, indicates the individual
provincial averages of temperature and precipitation across all 12 months. Finally4 Eigjpiicts the

spatial variabity in Temperature and Precipitation across the full extent of the study area.

1 http://www.worldclim.org/versionl
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Despite the annual and spatial differences in climate within the study area, Fgubesadly depict
the onset of a bmodal rainy season which begins in ~October and pe&kcember, before a second
WEFGSQ NI AY |G K SApBL.yTRe whter morkh$ of Bldy to Adyyst/Sepfember axdO K
RNE YR OKINIOGSNRAEASR o0&pk/ YERYFSHNEWKIBNI G @EzREYSF y ¢
summer. Théaselineclimat of each individual province is described further in Seci@q.7.

Mean temperature Precipitation

— _ -
- ]
' 1
1

EEQQ ] EEQQ

B - E
EE “|:{Hg

a00
1

25

20

ALL
15
1
150 200 250
1 1
|
.I
[}
[
.
i
T

- gl 1] ﬁ |
2 4 T i ! :
g | | LT T
“ 7 o d - = - - EI +~ = 7
| | | | | | | I | | [ I | [ [
JOF M A M J J A & O N D J F Moo M J J A 3 O N D
Figure2. Mean monthly temperature and precipitation across the ceplaaialtoregion of Angola

Mean temperature

.lm"fﬂ"ﬁ"oh'

%
|
=
....:..—-.
s,

o e :l : H M H (H 15l S
2 ‘i - ..!; ' wp 8 n‘
= 9 ‘ E# H o
= Benguela ‘ , : :
= Ble
N = Cuanza Sul
Hulla
i " Huambo
= Malanje
I I 1 T 1 T I I T I I I
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Precipitation
§ = = Benguela
Bié
P » Cuanza Sul
G Huila
= Huambo
§ ] = Malanje
8 -
§ -
B - H
- o 5” e |t

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Figure3. Mean monthly temperaire and precipitation for each of six individual provinces ipldmaltoregion of
Angola

12



Tmean Precip

- ——
“eIiN0N

“- = b o=
e
Fhexdi

r———
-eIaANN

“ - Now s
e
Fierin

MM

- ——
ey
‘.
_,LLL‘ p
.
—
Fienan

.o

Tmean

-3z - M
« % w oW e B .
‘l ‘
"
"TEINEN “uh
= & - = .

Figure4. Seasonal variation in minimum temperature, mean temperature and mean precipitation acipleséitestudy region in Anga
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2.2 Mean annual temperature and precipitation in Benguela province

Benguela province, similar to Cuanza Sul (below) is one of the hottest and most climatically variable of
the six provinces assessed. The wide variability in mean temperature andagregipiithin individual

months (Figured, below) is consistent with the heterogeneity of the landscape from the-as@ni
coastal plains eastwards to the interior plateau. The coastal lowlands of Benguela are particularly prone
to drought and water shorges as a result of the high temperatures, extended winter dry season and
erratic rainfall. The interior uplands of Benguela to the east of the coastal escarpment are comparatively
cooler with higher rainfall, and are markedly different from the coastat platerms of suitability for
different crops.

Mean temperature Precipitation
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Figureb. Mean monthly temperature and precipitation in Benguela province.
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2.3 Mean annual temperature and precipitatiorBi€province

BigDa Of AYIF (S A& N&Bgerous with Snial devdatioh id inéhthly afdRag&t@mperature
compared to the geographically heterogeneous provinces such as Benguela and Cuanza Sul. The
province is characterised by an extended dry season during the winter months from May to August,
after which the planting season for rainfed agriculture begins with the onset of rains in September and
October.
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Figure6. Mean monthly temperature and precipitationBréprovince.

2.4 Mean annual temperature and precipitation iraza Sul province

The climate of Cuanza Sul province is comparable to Benguela province, and is similarly defined by the
heterogeneous topography of the region extending from the coastal plains inland towards and beyond
the coastal escarpment towards tpinalto highlands. The primary difference between the climates

of the two provinces is that the rainy season in Cuanza Sul begins slightly early (in September) in the
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northern latitudes of the province, allowing for comparatively earlier planting andrigngeing
seasons for rainfed crops.
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Figure7. Mean monthly temperature and precipitation in Cuanza Sul province.

2.5 Mean annual temperature and precipitation in Huambo province

The climate of Huambo is relatively consistsibss the geographic extent of the province compared

to the more heterogeneous provinces such as Benguela and Cuanza Sul. The onset of the rainy season
in this central province and neighbouridgilaprovince begins in October and extends until April,

declining sharply during the dry season from May to August.
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Figure8. Mean monthly temperature and precipitation in Huambo province.

2.6 Mean annual temperature and precipitatiorHuilaprovince

Huilais the most southerly ohe provinces in the study area and is also the most arid. In the months
at the onset of the rainy seasdduilais the only province which receives an average precipitation of
less than 56nm in the month of October. Similar to Huambo province and theoniaf Big the winter
months of Junguly inHuilaprovince are cooler (winter average of -1l6xC) than the coastal plains
and particularly arid in the period from Mgeptember.
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Figure9. Mean monthly temperature and prgifation inHuilaprovince

2.7 Mean annual temperature and precipitation in Malanje province

Malanje, the northernmost of the six provinces assessed, has the highest mean annual precipitation
and the wettest winter months relative to other provinces.i@ajof a humid sulropical climate, the

F dSNF 3S GSYLISNI GdzZNB Ay alflyeS Aa 02@0S wnx/
quox/ F2NJ GKS NIAye LISNAR2R FTNRY {SLIWGSYOSN G2 |
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Figurel0. Mean monthly temperaturand precipitation in Malanje province
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3 t NBRAOGSR STF¥FS0Ga 2F OtAYIFGS OKIy3dS Ay ! y:
Thebaseline climate and weather of the studied provingBgnguelaBié Cuanza SuHuamboHuila

and Malanjeg are described in the previsuchapter.The future effects of climate change on the
KAAG2NAROLIE WolaStAySQ OfAYIFGS Ay GKS addzRe | NS
Circulation Models (GCMs) downloaded from the AQMERRA datasalyses were based on the

methods describa& by Ramire¥illegas et al (2013future climate changes were computed assuming

GKS AO0SYINA2 2F Ww/t yodpQ 66KSNBE Ww/t ydpQ NBEFSNH
greenhouse gas emissions proposed by the Intergovernmental Pa@knate ChangeThis analysis

was used to generate predictions of the effect of climate change iplahaltoregion of Angola, with

a particular emphasis on the following three variables: i) Monthly Mean Temperature (Tmean); ii)
Monthly Minimum Temperatre (Tmin); and iii) Meaklonthly Precipitation (Precip.Jhe changes in

each of these three variables were computed for two time periods, specifically:

9 F ySFENI GSNY 6b¢0o OK)whighSs the mdyilynSeinabigk ford)oThin;H 1 o 11 G
i) Tman; and iii) rainfall, based @ach GCNh the periods 198@010relative t02010-2039
periods.

f a midcentury (MC) changé K Sy O S F 2 NJj whichHsithe memhfy méan change for: i)
Tmin; ii) Tmean; and iii) rainfall, baseceach GCM in the period980-2010 relative to 2040
2069 periods.

The results of these analyses are first described in terms of the presjiataichanges and anomalies

in each variableithin the study areéSectiorB.1, immediately belowyand then subsequently in terms

of the predictechveragechangedn climatewithin each province in the study argectiorB.2, following
section) It should be emphasised the reader must be cautious when making direct comparisons
between the analyses the latter two sections, for the reas thatmap plots allow for the visualisation

of spatial variability, whereas barplots and scattergraphs dd¢fooexample, a boxplot fa given
province represents an aggregate of all provincial outcomes and remiheesffect of spatial
variability. Therefore, two identicalalues could be the result ofc@ndition which is homogenous
across a wide spatial exteiat, alternatively could be the result of a heterogenesitigationvarying

across a continuous range of variabkedurther note on the regsentation of GCMs in spatial map
plots and bar plots is the complexity of representing: i) spatial variability within a province; and ii)
variation between and within each GCM. While there is only 1 value per month for 1 grid point under
historical condions, there are 29 values per month for 1 grid point under future conditions. Therefore,
all analyses depicted show the median GCM output when presenting climate variables, and the median
EcoCrop suitablility outcome when presenting the suitability abwsicrops in Section 4 (where the
latter is not necessarily the result of the median GCM).

2 https://data.qgiss.nasa.gov/impacts/agmipcf/agmerra/
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3.1 Predicted changesd anomalie& y° i
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3.1.a Predicted changes aadomalies in Monthly Mean Temperature (Tmean)
The figures presented below (Figdrk) depict the spatial distribution of mean temperature (Tmean)
across the study area in all 12 months of the year. Included in the figures are graphical depictions of: i)
Tmeanl & W. I a St A yp@®ntall h & coludhdldn th&left of Figlile
i) Anomalies betweemean values predicted for thel & S fardW & 9z( dzNBS y & #zRBmeH np n Q
periods, presented in the columns at the centre of Figureind
i)Tmé vy i wWe&ydiBNBaMRpnQ GAYS LISNA2RX LINBaSYyGaSR
11.

In general, a clear trend of warming is predicted across the entire study region. The eastern and
southern interior of the country is predicted to experieribe largest total increases in Tmean,
particularly during the first months of the agricultural growing seasamsét of rains ilseptember to
December). However, the coastal and central regions of the country are also anticipated to experience
significai A Y ONBIF aSa Ay ¢YSIyYy Ay (GKS LlBudblegnBre, h& i 6SSy
autumn and winter months in th@analtoregion are also predicted to be characterised by increasingly

large anomalies in Tmean, where the months of May to August aigctérésed by moderatéo-large

anomalies across the entire region. The predicted warming trends are further described on a quarterly
basis below.

In the months ofSeptember to Novembeit is predicted that large areas Bfé Huambo Huilaand
Malanjeprovinceswill experiencenajoranomalieg+1.5¢H x ih average monthly mean temperature
(Tmean).The majority of the remaining study area, including Cuanza Sul and Benguela provinces are
LINBRAOGSR (2 SELISNASYOS Y2RSNIGS 6dmx/ 0 Fy2YIFfAS

In the summer months dbecember to Februaryncreased average Tmean values are predicted for
the entire study area. In particular, the central and eastern intefithre study regiomndthe entirety

of Huilaprovince is predicted to experiengmst significanincreases in Tmean, relative to thaseline.

The months at the end of theiny growing season, from March to May, are also characterised by
predictions of widespread increases in Tmddnally, thedry winter months of June to August are
characterised by the largest (and most geograpkigatespread) increases in Tmean relative to the
baseline, during which period it is predicted that Tmean will increase across the majority of the study
area by +m @ p reldtive to baseline.

The predicted changes to Tmin in each of the studied presiaie described further in Sectidr2.
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Historical Anomalies
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Figurell Predicted changes and anomalies in mean monthly temperature in the Planalto region of Angola in the
LISNAZ2R FTNRY WSyIAENRYySQAphD @aANBLRAYyGEAD

20



3.1.b Predited changes and anomalies in Minimum Temperature (Tmin)
Figure 12below, depi@ i KS & LI GAFf RAAGNAROdziAZ2Y 2F YSIy Waliy
study area in all 12 months of the year. Included in the figures are graphical depictions ofat) Tmin
Y. aAaStAYSQO GAYS LISNA2RI LINBaAaRyiGdSR Ay (KS 02f dzYy s
AAO ly2YIEASAa 0SG6SSYy ¢YAY @I t dzSa SyNBIRWEO GH5/Rp /iF2 Ni
periods, presented in the columns at the centre of Fig@reind
i) TminaWCdzii dzZNBy adzRE wnpnQ GAYS LISNA2RI LINBa3yiSR A\

Ly 3SySNIfzx GKS G(GNBYyRa LINSRAOGSR FT2NJ WeYAYQ | NB
above). In general, a clear trend of warming is prediatedss the entire study region throughout all
months of the year.

The eastern and southern interior of the country is predicted to experience the largest total increases

in Tmin, particularly the provincestdiila Huambo an@ié However, the coastalentral and northern

regions of the country are also anticipated to experience significant increases in Tmin in the period
0SG6SSy WolaStAySQ YR Wa/ HnpnQ® Coevditesd 2 NB>
are predicted to be characterisegt mcreasingly large anomalies in Tmin, where the months of May to

August are characterised by moderfelarge anomalies across the entire regi®he period from

May to September, just before the onset of the rainy season, is characterised by thedadye®st

widespread sustained increases in Triine predicted warmi trends are furthedescribed on a

guarterly basis below.

In the months of September to November, it is predicted that large areBi dluamboHuilawill

experience major anomaie(+1.5cH x/ 0 Ay | @S Mim@EhSempyeatire Kim). THé

majority of the remaining study area, includiMglanje, Cuanza Sul and Benguela provinces are
LINBRAOGSR (2 SELISNASYOSin2RSNI GS 6dmx/ 0 Fy2YlFfAS

In the summer months of December Februarymoderate increasedmn values are predicted for
the entire study area. The months at the end ofrtiaysea®n, from March to May, areharacterised
by predictions of widespread increases ininfraf which the south, central and eastern @ are
predicted to experience the largest anomalies in Tifhe dry winter months of June to August are
characterised by the largest (and most geographically widespread) increasas iel@tive to the
baseline, during which period it is predictedttiain will increase across the majority of the study
area by +1¢m @ p reladtive to baseline.

The predicted changes to Tmin in each of the studied provinces are described further in3S&ction
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Historical Anomalies Future (MC)
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3.1.c Predicted changes and anomalies in Monthly Total Precipitation (Precip.)

Figurel3,below, depisi KS &aLJ GAFf RAAGNAROdziA2Y 2F YSIy Waz2y
study area in all 12 months of the year. Included in the figures are graphical depictions of:

A0 t NBOALI G W.laStAySQ GAYS LIS&m2R> LINBaSyid
AAO 1y2YFtASa 0S06SSy t NBOALD O t-4z2S¢¥ G dINBRA O 8
periods, presented in the columns at the centre of FigGreind

AAAUD t NBOAUIB yHi@zN®CdelnqziI® aiA RS LIS NAtBeRéntreldNR&rS y i S R
13.

SR
R i

¢t KS LINBRAOGSR OKIy3aSa Ay YSIy Y2yGKfe LINSOALRAGI i
timepoints indicate that climate change will resultdomplexspatial and temporal changes in
precipitation in theplanalto region A common prediction for all six target provinces is that mean

monthly precipitationat the onset of the rainy season, in the months of September and October, will

0S NBRdzOSR Ay Fff LINPOAYOSa RdZNAYy3I (KSaliesl®NA2R T
monthly rainfall, indicated by red shading in FiglBebelow, are particularlycate in the northern,

central and western extents of the study area. In the month of Novertiiecentral and southern

extent of the study areaincluding the entie extent ofHuilaprovince and majority d@diéand Huambo

¢Ahd LINBRAOGSR (G2 SELISNASYOS FdNIKSNI RSTAOAGA AY
contrast, the majority of Cuanza Sul and Malanje provinces are predicted to benefihdreased

NI AYyTFrft Ay b2@SYOoGSNI o6& Wa/ wnpnQ NBfIFGAGS G2

In the midsummer months from December to February, the majority of the study area is predicted to
benefit fromA Y ONBSFF &SR NI AYTFlI{f o0¢S@aNSHYipN2NEKt &ARKRBAW
exception of the southernmost extent biuilaprovince.ln March and April, théast months of the

traditional maizegrowing season, rainfall anomalies across the study area are predicted to follow two
distinct trends, pecifically: i) reduced rainfall in the southern and eastern areas, partiddildiyBié

and the soutkeastern extent of Huambo; and ii) increasaitfall in the central, western and northern

areas, particularly Malanje, northern Huambo, and the highlaterior of Cuanza Sul and Benguela
provinces. No major changes to rainfall are predicted for the dry winter months of May to August.

These analyses indicate that climate change will delay the onset of rainfall, in turn resulting in changes
to the timing of various agricultural activities such as field preparation and sowing ofrsteicase

of the southern and eastern extents of the project area, notdbaand southeastBié the majority

of the agricultural growing season is characterised dythly rainfall deficits and is likely to result in
fundamental changes to local crop choices and agricultural practices by the year 2050.-Drought
sensitive crops such as maize are likely to be increasingly unreliable on pasid, which will be

further exacerbated by the predicted increases in temperature described previously. However, certain
regions within the study area, notably the central and northern areas, are expected to benefit from
surplus rainfall during the middle and late summer monthshvimiay have the effect of extending the
growing season or improving the yield potential of certain crops.

The predicted changes to mean monthly rainfall in each of the studied provinces are described further
in SectiorB.2.
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Figurel3. Predicted changes and anomaliesnean monthly precipitatioim the Planalto region of Angola in the
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3.2 Predicted monthly changes in precipitation and temperaituthe Planalto rgion of Angolan the
LISNA2R TNRY WSyWafANRy8Qapa® WaANBLRAY(GA

Thefigures presented below (Figure 14 onwards) depict the predicted monthly variation in Tmean,
¢CYAY YR tNBOALMKGEGAZ2Y Ay SI OK 2Wa/(iHKSp Pkt ALINE GA
Included in the following figures for each tipaint are: i) mean monthly averages for Tmean, Tmin

and Precipitation, respectively; and ii) anomalies (i.e. total change) in Tmean, Tmin, and Precipitation
0S0G6SSy anud futdePériadg.S Q

To assist in the interpretation of these figures, an explanatory examplesenfrd and discussed

below. Tie example histogram beloMB LINB A Sy G a WwWYSIFyYy GSYLISNI GdzZNB Fy2Y
an anomaly is the size of change from the prgvO A | € | @S NI r8ef bafs 2eldesbht theS | Y Q @
WK A & (Tehéah adbeinde fepresents theredictedW b ¢ H Tineandhd red represents theredicted

Wa/ HmgamQ¢KS o6fl 01 fAYyS GKNRdIzZZIK GKS OSyGNXB 2F SiI
month and time point, while the upper and lower extent of each bar represents the lowest and highest

value reported for that month. Therefore, the height of each coloured bar representwottie

variabilityin temperature anomalies within the whole provincelative to the provincial average for

Tmean i.e. the taller the bar, the greater the spatial variability in temperature relative to the provincial
average.

In the case of the example bél@ (i K
G2 AYONBIF &S NBfFGA
period ~May to September.

S KAad2aNryY AYyRAOF(GSEA tadKl G Y2y
@S ar xi¥ KS gWIGAKE Gi2kNGh GIHFENEB Syadil yi yoee

B Historical B Near-Term @ Mid-Century

Predicted future
mean

. Historical mean

Mean temperature anomalies (°C)

1
J F M A M J JU A S O N D
Month

The following sections describe the predicted changes in climate for each of the six provinces, including
Tmean, Tminrad Precipitation.
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3bH Pl t NBRAOGSR Y2yikKie OKIFIy3Sad Ay LINBOALRGE A 2YS ylHiydNEG SIMILESING: (idkNGES LI2YA

Results indicate that average monthly minimum temperatuFesirj in Benguela will increase the near term (NT 2030) during the summer months of
December, January, February, and March by ~1 °C from ~23 to ~24 °C. A similar trend of a ~1 °C increase is obses/ednderringthhs of June, July,
and August from ~20 to ~21° C for NT 2030egtmns.
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Figurel4. Average monthly anomalies in Minimum Temperature (left) and average monthly Minimum Temperature (right) in Benguelizagt¥istterm and Mid
Century periods
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Predicted change in Mean Temperatur&enguela
Average monthly mean temperaturEnjear changes in Benguela for the NT 2030 indicate an increase of ~1 °C, from ~23 to ~24 °C during the summer months
of December, January, and February. A similar increase of ~1 °C is observed duringrtheowihs of June, July, and August from ~20 to ~21 °C.

< - @ Historical O Near-Term ® Mid-Century @ Historical O NearTerm B Mid-Century
8

m —
o
o
L2 o e
©
£ g /-
o —
& o
o =
5 - e
© g
[0
g s . B
9_’. :a il
c =} : o
© o ] i W
[} A " "
1S " It

i T
- = :
T T T T T T T T T T T T | T | T T T T | | | | |
J F M A M J J A S O N D J F M A M J J A S§ O N D

Figurel5. Average monthly anomalies in Mean Temperature (left) and average monthly Mean Temperature (right) in Benguela, aiNéestteiaaland MidCentury
periods.
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Predicted change in Mean Precipitation in Benguela

The rainy season in Benguela begins in October and ends in April, peaking in March. Mean monthly precipitation glusstatesgaincrease from February
to March and decreases drasticditym the end of March to April. Results for change in mean monthly precipitation within the rainy season in Benguela predict
a small increase from 995 mm (Historical), 1005 mm (NT 2030), to 1050 m@eiiiay 2050).
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Figurel6. Average monthly anomalies in Mean Monthly Precipitation (left) and average Mean Monthly Precipitation (right) in BeHigtelicadf Neaterm and Mid
Century periods.
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3.2.b Predicted monthly changes in precipitation and temperatB&inthS LISNA 2R FTNR Y/ Y@y i &SE Ay S @n d 20 We3IRR2 Ay (i &
Tminin the province of Bié is projected to increase by ~1 °C during the summer months of December, January, February, somd MEBE TO ~16.5 °C
RAdZNAY 3 GKS LISNAZ2R FTINRWS LR A yaBE @ y{SQY Aif2 NEb& Min om&d LINB R A Thiin@iRincte&sk during teNA y 3
winter months of June, and July project from ~7 to ~8 °C, as well as a ~1 °C increase during the month of August fd®.59G. to
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Figurel?7. Average monthly anomalies in Minimum Temperature (left) and average monthly Minimum Temperature Bigrd) Historical, Neaeerm and MidCentury
periods
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Predicted change in Mean TemperaturBiin
Projectims forTmeant & GAYS LISNA 2R Wb¢ HnonQ &dzZ33Sad Iy AYyONBIFAS 2F dm c/inteRdzNR y 3
months of June, July, and August illustrate a similar increase of ~1 °C, June and July increasing froml %566 tand August increasing from ~19 to ~20
°C.
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Figurel8. Average monthly anomalies in Mean Temperature (left) and average monthly Mean Temperature Riiglat) Historical, Neaierm and MidCentury periods
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Pralicted change in Mean PrecipitatiorBié
LG A& LINBRAOGSR GKIG YSEY Y2y iGKte LINBOALRAGIGAZ2Y SRYR YWal WKpyadSiAXInax
season in Bié begins in October and ends in Apekipg in March. Cumulative precipitation projections for the rainy season illustrate a small increase from
1225 mm (Historical) to 1240mm for NT 2030, and MC 2050 projections.
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Figurel9. Average monthly anomalies in Mean MuagtPrecipitation (left) and average Mean Monthly Precipitation (rigBfimt Historical, Neaierm and MidCentury
periods
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3dH PO t NBRAOGSR Y2yilikKied OKIFIy3dSa Ay LINBOALRAGE A 2-Centid/ Ry A SAYQISING Yi SIINBA WiV a
In the province of Cuanza Shiinis predicted to increase by ~1 °C ~17 to ~18 °C during the summer months of December, January, February, and March by
2030 compared to baseline year. It is also predicted that by Zo@afor the wirter months of June and, July will increase by ~1 °C from ~12 to 13 °C.
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Figure20. Average monthly anomalies in Minimum Temperature (left) and average monthly Minimum Temperature QightyanSpat Historical, Neaerm and Mid
Century periods
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Predicted change in Mean Temperature in Cuanza Sul
Tmearprojections for NT 2030 suggest a ~1 °C increase during the summer months of December, January, February and March;-2811C-Z2€mean
for the winter months ofune and July are predicted to increase by ~1 °C from ~19 to ~20 °C, as well as a ~1 °C increase in August from,~+2QrHe ~21 °C
LISNA2R FTNRY W. FaStAaySQ (2 Wb¢ HnonQo
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Figure21 Average monthly anomalies in Mean Tempeamafieft) and average monthly Mean Temperature (righf)uianza Spbt Historical, Neaierm and MidCentury
periods
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Predicted change in Mean Precipitation in Cuanza Sul
The rainy season in Cuanza Sul begins in October and ends in April, pdd&imgriber. Monthly cumulative precipitation projections for the rainy season
show a small increase from Historical (1005 mm) to NT 2030 (1030 mm) and MC 2050 (1025 mm) projections.
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Figure22. Average monthly anomalies in Meawithly Precipitation (left) and average Mean Monthly Precipitation (rigityémza Suat Historical, Neaerm and Mid
Century periods.
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3dbHPR t NBRAOGSR Y2yiliKfte OKIFIy3S3d8 Ay LINBOALRGEFGA2WVYIYREG & YiIps 0 i dzNIS LR K y
It is predicted thaTminA Y G KS LINPGBAYOS 27F Il dzr Y62 oAttt AYONBFAS RddINAYy3I (GKS mdbtidR 2 R F NJ
of December, January, February, and March from ~14.5 TO ~15.5 °@thersnore predicted thaTminwill increase during winter months in the period
FTNRY W. | &St Ax@rSmereaseof ¥ BOtfrom +8 o+9°C are predicted in June and July, and an increase from ~10 to 11°C in the month of August
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Figure23. Average monthly anomalies in Minimum Temperature (left) and average monthly Minimum Temperature Kigif)bip at Historical, Neaerm and MidCentury
periods

37



Predicted change in Mean Temperature in Huambo
Similar to Tmin @bscribed above), the mean temperatuflenean is also predicted to increase in the period from baseline to NT 2030°Byferlthe
summer months of December, January, February, and March from ~19.5 to ~J0rea@or the winter months of June, JulyydhAugust is predicted to
AYONBIFaS o6& dm ¢/ Ay (GKS LISNA2R FNRBY Y. | aStAySQ (Rto-Whx°Cinthenmoizof FNRBY dmc
August.

- @ Historical O Near-Term @ Mid-Century @ Historical O Near-Term ® Mid-Century

S ] S -

o
g N -
o 8V} [
e !
2 1
© — )
: 3
8 = o
© o N 7
[0) 3
5 2 © oA
© [} |
3 : L
£ L o |
e v
c o
(]
Q
1S

Q © _|

o s o

wn

@ <

T T T T T T T T T T T T - T T T T T T T T T T T T
J F M A M J J A S O N D J F M A M J J A S O N D

Figure24. Average monthly anomaliés Mean Temperature (left) and average monthly Mean Temperature (rigfitipimbg at Historical, Neaierm and MidCentury
periods
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Predicted change in Mean Precipitation in Huambo

The rainy season in Huambo begins in October and ends in April. Moumthliative precipitation projections for the rainy season illustrate a small increase
in rainfall from 1230 mm (Historical) to 1270 mm (NT 2030), and 1325 mm for MC 2050.

o
w0 —
% @ Historical O Near-Term B Mid-Century @ Historical O Near-Term H Mid-Century
~ €1 g -
4 E >
g B
E £
§ 8- E 7 -
S c b= i =Y i
il 7] T = i
= - 5 I -
@ 9 it
E © —~E—Eﬂéﬁ 8 i EER é -
[0) - —L - 1y
= —x
= o
5 S =
E ]
ik
8. .
e
o - ; s s PRI - -
T T T | | T T | | | T T T T T T T T T T T T T T
J F M A M J J A 8§ O N D J F M A M J J A S O N D

Figure25. Average monthly anomalies in Mean Monthigdipitation (left) and average Mean Monthly Precipitation (rightiliambg at Historical, Neaierm and MidCentury
periods.
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3.2.e Predicted monthly changes in precipitation and temperatudeiilaA y G KS LISNA 2 R F/NRyYU diN@Enep8ritghyS Q 2 WaAR

The province ofluilais predicted to experience an increase of€InTmiNRdzNA y3 G KS LISNA2R FNBY W. [ aStAySQ (42 Wbe
January, February, and March, increasing from ~15.5 to ~16.5 °C. A similar reb8€ ilkminA & LINBSRAOGSR F2NJ 0 KS GAYSLRAY
months of June, July, and Augg3tminis predicted to increase from ~7 to ~8 °C in June and July and 9.5 to 10.5 °C for the month of August by the year 2030.
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Figure26. Average monthly anomalies in Minimum Temperature (leff) and average monthly Minimum Temperature Higlg)dnhHistorical, Neaierm and MidCentury
periods
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Predicted change in Mean Temperaturblirila

A % 4 A x

Mean temperatureTmead0 A& SELISOGSR (2 AyONBIaS RdNAy3a GKS LISNA2R FTNRY W. 6faSt Ay S«
December (~22 to~23 °C), January (~21.5 to ~22.5tfyehruary (~21.5 to ~22.5 °C)
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Figure27. Average monthly anomalies in Mean Temperature (left) and average monthly Mean Temperature KhiglaainHistorical, Neaierm and MidCentury periods
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Predicted change in Mean Precipitatioklurila
The rainy season Huilabegins in October anehds in April, peaking in March. Monthly cumulative precipitation projections for rain fall decrease slightly (by
~15 mm) from Historical (885 mm) to NT 2030 (870 mm) timepoints, and then increase to 930 mm by the year 2050.
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Figure28. Average monthly anomalies in Mean Monthly Precipitation (left) and average Mean Monthly Precipitation Kigtg)ahHistorical, Neaderm and MidCentury
periods.
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3.2.f Predicted monthly changes in precipitation and temperature in Maladjf y & KS LIS NA 2 R -/ BNEHIZNE. H&Hn$nQy Sia YiBA 2 Ra/ Al

The province of Malanje is predicted to experience increased temperatures (measured by Minimum Tempenaiuaead Mean Temperaturdmean
respectively) as a result of climate changehdyird G KS LISNA 2R FNRBY W. | aSt AySQ {Bninghhnges in Malamj@indicgfeR Wa /
an increase of ~IC increase during the summer months of December, January, February, and March from ~16.5 toFinis p@edicted to inrease by

a similar margin of ~1 °C during the winter months of June (~10.5 to ~11.5 °C), July ("10.5 to ~11.5 °C), and August3-5123 turing the period from

Y. AaStAYSQ Wb¢ HnonQo
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Figure29. Average monthly anoma in Minimum Temperature (leff) and average monthly Minimum Temperature (rigjhd)enje at Historical, Barterm and MidCentury
periods.
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Predicted change in Mean Temperaturblalanje
The increase in mean temperatuiBnfean during the period frg W. I aSt Ay SQ (G2 Wb¢ HnonQ Aad LINBRAOGSR (2 ¢
January, February, March (increasing from ~22 to ~23 °C). Projections for clamgarfior NT 2030 show an increase of ~1 °C for the winter months of June
(~19.5 to ~R.5 °C), July (~19.5 to ~20.5 °C), and August (~21 to ~22 °C).
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Figure30. Average monthly anomalies in Mean Temperature (left) and average monthly Mean Temperature Klht)jsat Historical, Neesberm and MidCentury eriods
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Predicted change in Mean PrecipitatioMidanje
The rainy season in Malanje begins in October and ends in April, peaking in November. Monthly cumulative precipitdioms poojpiecipitation indicate
an increase from 1165 mm (Historidal}1195 (NT 2030), and a decrease to 1175 mm by 2050.
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Figure31 Average monthly anomalies in Mean Monthly Precipitation (left) and average Mean Monthly Precipitation Kigat)jaat Historical, Neaerm and MidCentuy
periods.
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4. Modelled crop suitability

Chapter3, above, summarises the annual climatic variability within and between the studied provinces.

The following chapter will summarise theedictedspatial variation of crop suitabylitvithin each of

the studed provinceRdzNA y 3 G KS W. I aStAySQs WbSINI ¢SNY wHnon
lyrfeasSa ¢6SNBE ISYSNIGSR dzaAy3d GKS C22R PFyR ! ANAC

Ecocrop allows for the modelling of the potential suitability e d ,000 crops, based on irtpLof
environmental information such as mean monthly precipitaiod monthly minimum, mean and
maximum temperaturesThe EcoCropmodel is relatively fast and easy to simulate and is therefore
preferred for modelling of suikdlity at high spatial resolution§he EcoCrop model estimates the
suitability of a given crop to the defined environmental conditions based on the known preferences of
each crop, such as: i) minimum, optimum and maximum temperature; ii) minimum, op&mim
maximum monthly rainfall; and iii) minimum and maximum growing period. Therefore, Edefitep

the area of suitability for a given crop based on whethere are adequate climatic conditions
(temperature and precipitationwithin an adequategrowing seasonand calculates the climatic
suitability of the resulting interaction between rainfall and temperatuppendix 1 provides a
summary of the&ecoCrop definitions used for all crops in this analysis.

It should be emphasised that no further caltia or validation of EcoCrop analyses have been carried
out in support of this study and that results should be considered as indicative guidelines that require
additional groundtruthingThe approach used to describe and visualise the spatial and tdmpora
distribution of crop suitability includéise use of:

i) map-based visualisations of crop suitability zones across the entire stugwndea
iM) histogram graph visualisations of the distribution of crop suitability categories within each
province

The use bcolourcoded maps to depict the distribution of each category of crop suitability provides a

visual demonstration of the distribution of crop suitability categories at each time period. In addition,

0KS O2YLI NRazy 27F o0l aSt A gtubutionysippoksatiie Hdentifita®on 6fl LJA 2 7
specific areas which are likely to undergo positive or negative changes in crop suitability.

Thehistogram graph visualisatioage based on the arrangement®¥fONR L) & dzA G 6 Af AG & A Y
discretecategdr S& 2 F &adzaA Gl oAf AGEeT yI YSE & ouiSE 0K X DBRT(E Hd
(score of 0.1 PPV X G adzA (| @iddrey 26 A6ORINSEE A3/ F  h g1 D dzh B | WHIOSNE
YIENBAYLFff@ adzidodd Sy B adOyNRAs S Ristiva thetadsiiinerd af

these categories, the proportional and absolute spatial extent of each category of crop suitability can

be estimated in each province2 NJ S OK 2F GKS GAYS LISNA2R&a oWol
respectively)9  OK 2F GKS &AE OFGS3I2NASE 2F ONRLI adzA il o
suitability) are depicted visually through the assignment of a colour code, ranging from dark and light
ANBSY 6a4aSEOSttSyilé YR GKRARE 2BHZHB0ABAGRE | 616§ £J
ddzA Gl of Sé3x NBALSOGA@Steosx G2 LAYl FYR 3INBe 6a0SN

To assist in the interpretation of crop suitability maps and graphs presented in thbaqtbrs below,
an example of edis presented and discussedrigures82 and 33, below.

Shttp://ecocrop.fao.org/ecocrop/srv/emiome
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Figure32. Example demonstration of monthly variability in crop suitability index scores within a single province

Figure32, above, can be considered a hypotheticanegle of seasonal variation in crop suitability

index scores within a single province (or study area). FExés Yndicates the 12 months of the year,

from January to December. TheaXs depicts the spatial proportion of the hypothetical province
coveredo & SIF OK NBALISOUAQ®S OFGS3I2NEB 2F ONRL) adzAdF 0Af
extent of the province). The relative size of each coloured bar is proportional to the geographic extent

of the corresponding category of crop suitability.
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Figure33. Example demonstration of spatial variability in crop suitability index scores

Figure33, above, is an alternative approach to depicting the data presented in BRjundere the
relative proportion of each coloushaded area indicates the spatial extent of each corresponding
category of crop suitabilitythe same approach and specific categories of crop suitability scores are
adopted in each of the cregpecific analyses describedtie following chaptersbelow.
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4.1 Impact of climate change on spatial distribution of areas suitable for production of ¢sisztiat
esculent

Figure 34, below, summarise the historical (baseline) and futurecéntdry 2050) suitability of the

six pibt provinces (Bi€, Benguela, Cuanza Sul, Huambo, Huila and Malanje) for production of cassava in
the months from September to February. In addition to the baseline and future distribution of crop
suitability zones, the figures below also illustrate thenaal@s (i.e. the absolute changes in suitability

at any given location) between the baseline and future time periods.

In the case of cassava, the main effect of climate change is to increase the distribution and spatial extent
of crop suitability in thenterior of Benguela, Cuanza Sul, Huambo and Malanje. This net positive change
in crop suitability primarily occurs in the interior highlands above the coastal escarpment of the latter
provinces, stretching northward from the border of Huambo and Benghetaijgh Cuanza Sul and
northwards into Malanje. This trend is generally consistent and unchanged throughout the summer
months from October onwards. The exception to this trend is the month of September, for which
month EcoCrop analyses predict a signifiéacrease in suitable areas across all provinces. As this
result is not consistent during the subsequent months after the onset of the rainy season in October,
this result is suggested to be anomalous.

As noted during the Preliminary Climate Risk AsalyP§tRA), the provinces of Huambo, Huila and Bié
are broadly unsuitable for cassava production, even with the effect of climate change. The provincial
changes in suitability for cassava production in the period from Baseline 1Gdviidry 2050 are
discussd further below.
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Historical Anomalies Future (MC)
suitability  (historical-MC) suitability
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4.1.a Impact of climate chge on production of cassawdgnihot esculentain Benguela
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Figure 35. Mean suitability changes of Casddaailiot esculenfain Benguela

During the month of October (the onset of the rainy season) the total area suitable for growing Cassava
inBeng$f | A& LINRP2SOGSR (2 AYyONBlIaS FTNRY W. | aStAays
increase in suitability for cassava production can be attributed to an increase in the extent of areas
O2y&aARSNBR WSEOStt Syl Qo iggkestestidaring the witedimorths from | NB |
June to September. The spatial and total area suitability of Benguela for cassava remains generally
consistent during the rainy season from October to April. The total extent of casitade areas is

largest duing the month of August, during which month there is predicted to be an increase in the
SEGSyiG 2F IINBla O2y&aARSNBR (2 068 WSEOSttSyiQ 68
projected increase in crop suitability could be a result of tiogepted increase in Tmean from ~20

OW. I &St AYS Wbtz HHIMPIXE Wa/ HAnpnQLuLI GKSNB OlFaal gt
ranging from ~20 to ~2%C.

As demonstrated in Figure 34, the increase of suitable areas in Benguela for producticawd cas
primarily occurs in the midand highaltitude interior of the province, stretching from the interior of
Benguela northwards into Cuanza Sul and Malanje.
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4.1.b Impact of climate change on production of casddaaifiot esculentgin Bié
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Figure 36. Man suitability changes of CassaMarfihot esculentpin Bié

5dzZNAYy3 hOil20SNE W. AaSTtAYSQ YR Wb¢ HnonQ GAYS LR
in Bié, making the province currently unsuitable for the production of cassava. Hbwevela / Hnp n ¢
LINP2SOGA2ya AftfdzadNI 4GS GKFG | avylrftt FNBF 2F . AS
of cassavaThese areas of increased suitability for cassava primarily occur in theeastrtbf the

province, along the provinci@order with Malanje. The projected marginal increases in areas of
WSEOSttSyiQ O2dzZ°R BAPONBIINRE o8zl SRYERY | TRevtotadH HH 6 W.
area suitability of Bi for cassava remains generally consistent throughout the ssagon from

October to April. The total extent of cassauitable areas is greatest during the month of September,

during which month there is predicted to be a considerable increase in the extent of areas considered
WSEOStfSYiliQ yR. WAISNBRYSWA GROWEND ENRPYQ GAYS LRAYL
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4.1.c Impact of climate change on production of casddaniliot esculentpin Cuanza Sul
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Figure 36. Mean suitability changes of Casddanifiot esculentpin Cuanza Sul

During the month of October (consideredite the onset of the rainy season) the total area suitable

F2NJ ANRB gAYy OFaalr @t Ay /[dztyT |l {dzZ Aa LNBRAOGSR
time points. The total provincial increase in suitability for cassava production can be edttitain
AYONBLI&S Ay (GKS SEGSyid 2F FNBFa O2yaAiRSNBR WSEO
cassava in Cuanza Sul is predicted to remain generally consistent throughout the rainy season from
October to April and throughout the dryinker period from May to July. The predicted increases in
suitability primarily occur in the central and eastern interior highlands of the province, stretching
northwards from Benguela to Malanje. Surprisingly, the total extent of cassiable areas isrgest

during the months of August and September, during which period there is predicted to be an increase

Ay (GKS SEGSYyd 2F INBLFLa O2yaARSNBR WSEOSttSyiQ o
projected increase in crop suitability coblel attributed to the projected increase in Tmean from ~20

OW. aStANSOWbd2umumn QY Wa/ wHapnQLI ¢KSNB Ol aal gl
between ~20 to ~28C. However, this unexpected increase in spatial extent of suitability during August

and September could be anomalous and is unlikely to refledifeeatop responses to field conditions

as rainfall in the aforementioned months would be inadequate to support crop establishment.
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The geospatial distribution of crop suitability indexresdor cassava during the baseline and-mid
century periods, as well as the relative changes (anomalies) in crop suitability between these time
periods, are summarised in Figure 34. As the latter maps illustrate, the overall increase of suitable areas
in GQuanza Sul for production of cassava appears to occur in theandchighaltitude interior of the
province, stretching from the interior of Benguela northwards into Cuanza Sul and Malanje.
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4.1.d Impact of climate change on production of casddaaifid esculentain Huambo
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Figure 37. Mean suitability changes of Casddaaifiot esculenfain Huambo

In the baseline scenario, Huambo is generally considered to be unsuitable for cassava production,
except for a very small area that is predicted to B E OSt t Sy i Q adzAi il oAt Ale Ay
September. At the onset of the rainy season in October, EcoCrop analyses predict that Huambo is totally
dzyadzAi GF o6t S F2NJ OFaal gl +Fd W.laStAySQ | yiRblelb¢ Hno
for cultivation of cassava in the present and riedure. However, a predicted increase in the area of

ddzA Gl oAfAdGe F2N) Olaal @ Ay 1dzZ Yoz Aa 20aSNUSR R
the onset of the rainy season in Octdl® Wa/ HnpnQ LINR2SOlA2ya adza3sS:
gAftt 0S02YS WOSNE & Fl2oNI DAz 2 TGS FRIigted Uheréae@t B &Y O
suitable area is consistent through all months of the year, with the exception of Aud &t @ember

which indicate considerably larger increases in suitaititg latter two months are suggested to be
anomalous and should be disregarded, considering that cultivation is unlikely to be practical in these
months as a result of the relativelgw monthly rainfall which is unlikely to be adequate for
establishment of crops The predicted increase in suitability could be attributed to a warmer climate as
anincreaseof ~06/ Ay ¢YSIFy Ad LINBRAOGSR T2NJ) doeadearynpnQz

summer months months.
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4.1.e Impact of climate change on production of cassdaailiot esculentpin Huila
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Figure 38. Mean suitability changes of Casddaaifiot esculentpin Huila

In general, the majority of Huila province is unsuitidsleassava production in the baseline and future
(mid-century) scenarios. During the month of October (the onset of the rainy season) the total area of

ddzA Gl oAfAGEe F2NJ OFaal @ LINRPRAzOGAZ2Y AYy | depiilQ A& L
GAYS LRAylGad ¢KSNBE A& | 3ISYySNIf 2@SNIftt LINRPDAYO
Wa/ HnpnQ GAYSLRAylad ¢KS HNBPGSéd 2®SNth Ay ONF
area of suitability overall, is predictéd2 2 OOdzNJ RdzNA y 3 u KS Y2 y GKa 2F |
HnpnQ GAYSLRAYUGD® ¢KAA LINP2SOGSR AYONBIFaS Ay ONER
FNBEY YuMDp c/ ON. 6RBECAYVSQOQE2VAEHHDPP N (IFwnEannsKSNB a
adzOK GKFG {SLWSYOSNIHnpn A& LINBRAOGSR (2 oS la ¢
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4.1.f Impact of climate change on production of casddeaifiot esculentgin Malanje
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Figure 39. Mean suitability changes of Casddaaifiotesculentdin Malanje

In general, the overall suitability of Malanje for production of cassava is predicted to increase in total
SEGSYl RdNAYy3I GKS LISNAZR FTNRY W. [asStAaysSqQ (2 W
approximately ¥4 of the total primcial area is considered to be suitable for cassava production, while
the majority of the province is considered to be unsuited. Ecocrop analyses indicate that the extent of
WSEOSttSyiQr WOSNE adzadlof SQ | idantywionzihé hageind Q |
scenario to 205@ in the month of October it is predicted that over ¥ of the total provincial area will
0502YS WSEOSttSyidQ T2NJ OFaal g LINRRdAzOGAZ2Y ©68& Hnp
to become a major aaava production area in the future and that cassava may be an appropriate crop

to promote as a climateesilient alternative to other climateulnerable staple crop3.he predicted

increases in suitability primarily occur in the central and sea#t inerior of the province.

NB
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4.2 Impact of climate change on spatial distribution of areas suitable for production of coffee Coffee,
Arabica Coffeea arabiga

The figures below summarise the historical (baseline) and futurecéntdry 2050) suitability ohe

six pilot provinces (Bié, Benguela, Cuanza Sul, Huambo, Huila and Malanje) for production ©f coffee,
arabicg in the months from September to February. In addition to the baseline and future distribution
of crop suitability zones, the figures belolsaaillustrate the anomalies (i.e. the absolute changes in
suitability at any given location) between the baseline and future time periods.

In the case of C. arabica coffee, the main effect of climate change is to increase the distribution and
spatial exént of crop suitability in the interior &ié,Cuanza Sul, Huambo and Malgmjevinces (and

to a smaller extent, Benguela provincehis net positive change in crop suitability primarily occurs in

the interior highlands above the coastal escarpmenhefatter provinces, stretching northward from

the border of Huambo and Benguela, through Cuanza Sul and northwards into Malanje. This trend is
generally consistent and unchanged throughout the summer months from October onwards. The
exception to this tred is the month of September, for which month EcoCrop analyses predict a
significant increase in suitable areas across all provinces. As this result is not consistent during the
subsequent months after the onset of the rainy season in October, this resuggested to be

anomalousLy ISy SN} f> AdG Aa LINBRAOGSR GKIFIG o0& GKS wal/

of Huila will be at least marginally suitableGoarabicgroduction.
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Historical Anomalies Future (MC)
suitability  (historical-MC) suitability

L
‘J e . 10 10
os
2 . 08 -
w - - °‘
v o 02 oy
. Sin 00 10
e d
o
e . 10 10
. | st e
- N 00
. o4
o - 02 <3
O - 0o 10
- KM
9 o
%' 10 10
< 0s on
o 06
> =4 v 00
o . 02 05
z - ] o0 10
ed
L ] L] L L e '8 5P
12 4 ¥ » B3 S 7 13 5§ 7 v
L
. il 10 10
QO : :: 0s
D v - 00
(&) ° 02 05
i 00 10
. 4
L
e 10 10
. :: 0s
s ‘." o 04 00
[+ 02 05
-_— e oo 10
®
L
e . 10 10
= g: 0s
o~
n & o 04 0o
Q - 02 0s
W > R 00 A0
. o
Y e il el |
12 W4 % 1 3 S 7 13 15 7 n
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4.2a Impact of climate change on production of cofasffe€ea arabigain Benguela.
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Figure 41 Mean suitability change<afffee Coffeea arabigain Benguela

The total area suitable for growing Coff€offeea arabican Benguela is projected to increaightly

FNRBY W. aStAySQ G2 Wa/ HnpnQ GAYS LISNA2RE@P ¢KS
arabi@LINE RdzOG A2y A& OKINI}OGSNARASR o0& |y AYyONBlFasS A,
WHASNE adzZAidlFof SQ Ay GKS MpNG Baseling ahB fdturd drop SuftabiffyS G 2
(Figure 40, above) indicate that the changes in silittabor C. arabicgroduction primarily occur in

the centraplanaltoarea in a narrow band extending from the eastern interior of Benguela into Huambo
province, and northwards through Cuanza Sul and Bié provinces towards Malanje.

The total area of suability of Benguela fo€.arabicaremains generally consistent during the rainy
season from October to Aprithe highest overall production @f arabicdas during the month of
August. The increase in suitability could be attributed to an increase imTroea~19 to ~21.5C

OWI Aad2NROI f QC. drabicatds an optimymnténperatu@ between ~20 and ~30 °C.
However, the overall change in suitability index score is relatively small and as a result is not discernible
from mapped plots of changes suitability.
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4.2b Impact of climate change on production of cofteaffeea arabigain Bié.
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Figure 42. Mean suitability changes of Cof@affgea arabigein Bié

Ecocrop analyses indicate thgi€ is entirely unsuitable for the production of Cofféeffeea arabica

Ay G KS sgbendriéi Bdwaver 3t predicted that the extent of suitable areas will increase to just
overaQ 2F GKS G2aGFf LINPGAYOALE |NBF o6& wnpnX ol a
¢KS YIF22NA(Ge 2F (GKS IINBLFLa 6KAOK I NBE LINBRAOGSR
WYl NBAYLFE QY gKAES GKS NBEBNWSYAWSFIANRIF | NEA YT & O
FNBFa 2F WO HNEarabidgroductio. TReCIncriedse/iRthe extent of the aforementioned
categories could be attributed to a warmer climate, as Tmean in Bié is predicted to increase by ~1 °C
(~22todH o0 c/ 0 FNRY Y. [ aStAySQ (2 Wa/ HnpnQo®

SR
[

In Bié, the location of the predicted increases in suitabilitgriicacoffee production is restricted to
the northwestern extent of the province, adjacent to the borders with Cuanza Sul and Malanje
provinces. Té eastern interior of Bié is predicted to remain poorly suite@.tarabican the baseline

and future scenarios.
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4.2c Impact of climate change on production of cofdaffeea arabigain Cuanza Sul.

Figure 43. Mean suitability changes of Coféaidf¢ea arabichin Cuanza Sul

The total area suitable for growing Coffé@affeea arabigan Cuanza Sig projected to increase from

Y. FaStAySQ G2 Wa/ wnpn GAYSLRAyGa & | NBadzZ G 2
the proportion ofareas considere Y NBA WaHdR i §RSQ 0SG6SSy GKS W, |
periods.Figure 40 indicates that the predictedanges in suitability f@&. arabicgroduction primarily

occur along a narrow band of th@analto highlands extending frorthe borders of Benguela and

Huambo provinces northwards through Cuanza Sul and Bié provinces towards Malanje. In Cuanza Sul
primarily occur along the northeastern interior of the province, adjacent to the borders shared with Bié

and Malanje provinces.
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