BUSITEMA
UNIVERSITY

[’m‘.m!ng FExcellence

CLIMATE CHANGE AND SUGARCANE PRODUCTIVITY IN
UGANDA

Implications on livelihood sustainability in Busedde sub county, Jinja

district

BETTY NAMAZZ1

BU/GS14/MCC/009

A Research Thesis presented to the Directorate of Research and Innovation in partial
fulfilment of the requirement for a Masters in Climate Change and Disaster

Management of Busitema University.

OCTOBER 2017



DECLARATION

I, Namazzi Betty hereby certify that this dissertation is a result of my original research work

and I present it without any reservations.

A f"’r““ 04 , 201+

—

Betty Namazzi Date




APPROVAL
The research work culminating in to this thesis or dissertation was conducted under my

guidance and supervision.

First Supervisor

Name: Dr Moses Isabirye

Second Supervisor

Name: Mr. Kakungulu Moses

Qualifications: MA. EPP (Mak); PhD Candidate (KU Leuven)

fm
i

NG
Signature Date; 18-09-2017

iii




DEDICATION
I dedicate this dissertation to-my family and friends, You have supported me throughout the

Process.

1 will always appreciate you all, especially Mr. Nsubuga Benard and Ms. Khanzira Prossy for

helping me develop my technology skills.

I dedicate this wotk and give special thanks to my wonderfil husband Mr. Semakula
Emmanuel for being there for me throughout the entire Masters program and the many hours

of proofreading my work. You have been my best cheerleader.




ACKNOWLEDGEMENT

1 would like to acknowledge the Almighty God for keeping me alive to witness the successful

completion of this résearch.

Sincere gratitude goes to my supervisor, Dr Isabirye Moses for-guiding and encouraging me
through this research, my appreciation. also goes to Mr Kakungulu Moses my co-supervisor

for his advice..

I want to use this opp'ortunity_ to thank Prof. Ochwoh, Mr. Nsubuga Bernard and Ms.
Khanzira Prossy for their endless support and readiness to help when needed. You really

were awesome:and [ruly appreciate your kind gesture.

1 -also want to appreciate the contribution of the team from Kakira estate for providing me
‘with the necessary information on sugarcape agronomic and permitting me access to

inforination of the various sugarcane farmers.

{ also thank my husband Mr Semakula Emmanuel for his advice and support during thiis
research,

Finally and most importantly, I will like to thank my parents for believing in me.




TABLE OF CONTENTS
DECLARATION .ot iesteesarseneseeessoressesss s snssssssssesespesssssnsnssssssasssssvesssmsavsssssersos ookl
APPROVAL ..o eveeeeeeeens s eesosnerere s csosseverssnsssmsessoe s evasssnassessansomsaeesaoseennec 111
DEDICATION ... ses s ssassee st es e eadiioss s esesestsessasesieees s oeseneeeneessosssecriesesesseserseseenrens 1V
ACKNOWLEDGEMENT ......oorvererieienreenreseaes oot everrereenran e reervriresenrigean ¥
TABLE OF CONTENTS....cvueueveeimsierossaessossesesecsiossasseseessesesssonnestorerecesessessssesssecsmensoenssens Vi
LIST OF TABLES ...ocevvoctise s ieiensssssssssesessesssessssssessasssssssssssssssssssssessssansconssssssensessssnsnsss IX
LIST OF FIGURES ..ooeeccoeoeerecetesooreseeoeress oo ces et ssesososssses s osesesemeessimesesssrerees e X
LIST OF MAPS .. oottt eeeveeei et ovsiem e tvs st seneeesevras s nsoveremavessoneotoesasmsseosnnso K1
LIST OF APPENDENCES......c0.ieeomssienrsrmvrssistivmsasivessisnsaisesssniossissssrsmasssssasiosssssasisssncrinsianssssXik
ACRONYMS AND ABBREVIATION .......... e e eeeeei vl A rerereeresisenees i

L1 BACKGTOUNG ... e concvecoveneveierccmiesmaacssscrsens b o ssees s s basron e ss st sacs s sanessomscnmssseses fober crsens
1.2, Problem SEABIMEIL. .. ..iiieeeiiaeressieesessesssssestesestss s tesssesesssesessvasessesesssidersenssnsesssensasensivnsieneees
1.3, Justification of the STUAY ... e s et s sae s s sri g aas e e e
1.4. O_bjectives OF THE SEUAY oo cecrrre e r e s ee e err s sne snbeas g rne b g e e aebre e e eaeminesna e
1.4.1 Main objective of the study
1.4.2. Specific objectives OF the STUAY ....ve.eviuivsiersiieiiosns it ieems o ecsencssesiebeessas st sesaesecsees
1.5, RESEAICH QUESHIOIS v vts-tovrersserssss ionetsiechemstsesssresiassesesssssassssssasssessssesssssssbesibusssness s sssssnns

1.6. Significance 0F the STHAY ..cviceieiee e srree e veasaees sanee s en e e nae e renednnar s sandiesntenesen

L R RS e s o = e

1.7. SCOPE OF thE SRIAY. 1+vvvvvreeeeeresceresseosesssessesesseessesssinsssarsssesassssasssassassssrssenssnssssesssssenssansssnsines

CHAPTER TWO ...t
2.0, I QUUCTION ettt ieesaeaeeeesesesseenme s aeeesesmms s ae ot possearas sk onesrmo s dndo s esoge e Eaearamtese e tnsse s sabanas
2.1, Land Suitability 8SSESSITIBNL. .ovtperiivereeeerreiscrmioancee e eacnsessresatsane ronsonses sncsasstesnsnnsansomseenanss
2.1.1. Sugar cane modelhng
2.2. Methods applied for Iand suitability aSSESSINENE ..euee.vrieviorersresaneiensearsserss o ecssnssenerernn
2.2.1. Geographic Information SYSTEITIS .....cvuuevvrevcveiieiicois i ecninin e i s

2.2.2. ReMOLE SEISINE .. eevireiriniionirsiciirns s savassrisesssassisns sasssdine e snsnns iy mes e sbanssspassanse b dunsnees

N R - S T~ N> - N N

2.2.3. Spatial Multi Criteria Decision Making.......occureemcrmrnemerpmrmnsenesssesssissinsssassssiasen i

et
fan}

2.2.4 The economic methods. used in land suitability 8SSESSMENT .cc...c.vceeeirermserecronsirimansanin

vi




2.3, Effects of climate change to sugarcane production .........cccoevvrivnsive e ienivnnessesvesssreen,

3.4, Optimum resource combination................

CHAPTER THREE............ et teet oo s eeeea e RS etk eRt e et e b et
MATERIAL AND METHODS +..c.oooeosseosessetessesessestiesesessioeessseesmseenes

3.1. Introduction .........evieeernen...

3.2, SEUAY BT uuririeirisrernceeesrae s eesions bt e p bt ve et ensrsaraeas
3.2.1. Vegetation cover of the StUAY rea......cuciiir e ies oo sssessens
3.2.2. TOPOErAPHY AN GEOIORY. ... oeevvreeeeessrssseeriessivesessteiastsstiesevteerasionoso e ssasieseerenasirnies
e 16
B2 8, LANG USE oottt e iraera et enm e e e e sas st ene same e paeastenon s es e e e saasiean nbesgr e nn rabenn et darereen

3.2.6° Land TenUIE SYSIEIM...uiieicverrererirretiirirse e e srne sy e cemessantss s cresesesseessoassassens st seessase sans

3.2.4, ClMALe.o.vos oo

3.2, Methodology .....mvveereononn

3.2.1. Research design
3,5, DAL PIEPALALIOM . ..+svveevrsssseiesscemerssrrrssnssesencsassssesssssssssenessssosssenssssssseessesassnsssssssssessosisrnssns
3.6, DAtA ANATYSIS evvireirrerreseneereerenturemeesseressrnesesetras s Sosssunacasssbistsnessansanaresssesiansoranriostnsesinsinens
3.6.1 StabIHLY GNALYSIS cvoiveii st s ires e et crr v e e s e e easara e nreenaneinte 2D
3.6.2. Average gross returns and average net returns.

3.6.4 Linear programiming MOACL ..y .. rrervieicrmsserssesieessmassersesssnseneessssoonsssssensssssssonesssssssansesses

11
ne

15
15

.15

15

.15

i6

17
17

.18

18
19
25

26
26

CHAPTER FOUR....ovvveuvrenssessssnsrsssnnnnesensias eveesaveeraarrassan s raayen SR |

RESULTS L I T L L P e e R LR T E R L eI Y T LT PP P P '|.|..|.|_ ........... LLITIT ia_n_n'uu._o-'cu- :
4:1. RESUS OF the SIIAT ... e ceieirimsiaiinisemsmirseerecsoserscarrses i ross e s easssras s anarassins s eesesssanasases
4.2, Optimal crop combination ettt s et re et e ey R esteser s R et et s eresnnrseasatasteasrosreesennssassasessenses S0

4.2.1. Contribution of sugar cane and food crop.(banana) to farmer’s income.................

5.0, DISCUSSION ..o oo vereinitesreb s

5.1. Findings on aréas that are suitable for SUSATCANE GEOWINE .cooocvvviueverv e et eneresserasanes
5.2 Finding on the optimum 1esource ¢OmbINAON . ..o eretiiveeievrssaesess s ernn e e caneans
5.2.1. Contribution of bananas te farmet’s income basing o average retuns. BN -1
5.2.2 The contribution of sugar cane to farmer’s income basing on average returs. .,..........
5.2.3 FOOU F@QUITEINLIIE. ... cvovsioescnensibn st veb s v ressbes s em s s s s e enpaases s e

5.2.4. For optimal crop combination........cco.omcieniinenn. RSSO UTUR SRRUURTOI: 5

Vil

29

29

30

w33
33

33
34




CHAPTER SIX ..o essesisssessssesssssssssasi ot cesasssoscassseerneseseessossseesassseseons
CONCLUSION AND RECOMMENDATIONS

L

6.1 Conclusion of the study ...........ccccveermicnnne e aeateans e reeie et e erarvoaneeareen reiteaneeaa

0.2 R e COIMIIIEIIIATIOIIS .. oo eeeeeeeressceesereraenssresnesasssssaraessantassasesomtessmeenns sbeesnnesssessnsssinsmesersnenanis

RTINS v ie oot seeeaeeves e sy e eesbs s s eressbabees s edeesasgas mssnnesbaess e et e st s eamemsensasere s tonraenas

R 3

Sugar cane Crop TEQUITEITICIES «...uvvrecreemerreernerimnismrrreae st escrboanse siiemreineensmecsasersesssississioesesnioni F1

APPENUEXL . .reoiiircvrrrnrirtrivtrrre e csen e e vss e arane

viif

.37

37
37

38

39
41



LIST OF FIGURES

Figure 4.1: Optimal crop cOmbination..........c....eivewemereeesssssins s ssssasssssssrses

O 7.




LIST OF MAPS
Map 3.1: STIAY AY88....ucveecrrrer e - _
Map 3.2: Uganda Digital elevation MOel......i.cov..oririmiommnniinmcreecorensscisseeseseresnaesonsessnses
Map 3.3; Temperature miaps a) current temperature and b) predicated ......covmverrrrisieierennn.

Map 3.4; Classified _t_emp_erature maps 4) with current temperature and b) predicted

temperature ..
Map 3.5: Clasmﬁed soil map ..

Map 3.6 Classified rainfall map.......c.cocereeevennnn.

Map3. 7: Gazzatted map ..

Map 4. 11 Suitability map for sugar cane productlon a) W1th current temperature and b)

predxcated temperature...

Xi

.18

19
21

22
23
24
25

.29




LIST OF APPENDENCES

ApPEndiX ..o e

ADPBIBIK 2...eiverveeesieeeseveeess e commes s essessessssossnsssssssssseseessesenmssessarestsssssesresssssesssssssssssssasnins

xil.

|

45



AHP
DEM
EM
FAQ
GIS
HA
IPcC
ISA
KG
LP
MCDM
MW

UNFCCC

ACRONYMS AND ABBREVIATION

Analytic:Hierarchy Process

Digital Elevation Model

Electro Magnetic

Food and Agriculture Organization
Geographical Information System
Hectares

Intergovernmental Panel on Climate Change
International Standard Atmosphere
Kilograms

Linear Programming

Multi Criteria Decision Making
Mega Watts

United Nations Framework Conventions on Climate Change

xiil




ABSTRACT

There is aiv increasing demand for sugar both on’the national and international market which
implies. expansion of more land for sugar cane productiori to meet this increasing demand.
The allocation of more land to sugar cane growing upshots into a reduction of land allocated
for food crops hike banana and this results in food insecurity as farmers are confronted with
the problem of optimal allocation of farm resources. Considering the effects that 'n_:_ra;y arise.
from climate change on sugarcane production, the study aimed at promoting sugar cane
growing promote sugar cane production, food security and household income with the
changing climate. In.orfder to be able to achieve this goal, the study employed both the bio
physical evaluation methods to identify areas that can support sugarcane growing with
changing climate and economic valuation so as to identify the optimal allocation of resources
that ensure sugar cane farmers are food security and maximize the net returns to increase
their household incomes, From the study results show that there are more areas that suitable
- for sugarcane growing with minimum conflict to land use due to Tow population densitiés.
Additional it wag also revealed that in order te solve the problem of feod insecu_r’it-y and
ensure steady household incomes_,_ a farmer-stiould produce 1 unit of sugarcane and 1 tnit of
bananas using 1 héctare for sugarcane and 2 hectare for banana growing while fully utilizing
the available resources. From observation made in th‘e-‘study-*it is recommended that new"
areas identified as suitable for sugarcane production require addition of application of
fertilizers and irrigation in order to get high vields which will increase household income and
for any farimer to decide: to undertake sugar cane farniing he should have a minimum of 3

hectares.

Keywords: Suitability, Optimal Crop Combination, Food
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CHAPTER ONE
INTRODUCTION

1.1 Background

Sugar cane is a global important crop that provides nearly 80% of the sugar consumed
worldwide (Murphy, 20'17). It is one of ‘the world’s major C4 crops grown mainly in the.
tropic and sub tropics regions and they provide nearly 75 % of sugar produced for human
corisumption in the world {Souza et al., 2008). The crop is grown in more than 120 countries
and Brazil i$ the leading producer of sugarcane with 33% of global Sugar production followed
by India at-(23%), China and Pakistan stand -at (7%) and (_4%)_ respectively (FNP, 2009).
Worldwide sugar cane-occupies dn area of 20.42 million ha with a total production ('S_.f 1328
million metric tonnes (FAOSTAT, 2005). and the trend for sugar production has increased as
observed in 2014 (World Data Atlas,2014) where the world’s total sugar cane was estimated
at 27.1 million ha.

Sugar cane production is not only used for sugar consumption but it also curbs greenhouse
gas emissions through produ"cﬁon of various forms of energy, 'iﬁclu'di'n'g 'éthanol,
bioelectricity and bio hydrocarbons. It’s already happening today in the .different parts of the
world for example in Brazil where sugar cané is. now the number one soutce of renewable
energy and represents 17 percent of the country’s fotal energy supply, in Nigeria production
of bio ethanol amounts to 11500MW from sugar cane (Heinimo, 2009). In Uganda the power
station at Kakira is capable of producing 52 megawatts. Furthermore, sugar cane production
has contributed to economic growth and development of the different countries -fhrough
contributing to their Gross Domestic Product. Sugar cane accounts for 8.5% of total foreign
earnings and generates direct and indirect employment for approximately 51,000 people
(Government Fiji 2002). In Uganda Sugar cane production contributes 16.8% to Gross
Domestic Product (UBOS, 2014) and also provides direct employment to 20,000 and 50,000
direct and indirect employments respectively. A study undertaken in South Africa revealed
that sugarcane is a key resource to livelihood of small scale farmer’s involved (Cockburn ef
al, 2014). In Zimbabwe sugar industry is contributing 1.4% of Gross Domestic Product
(Ann'ual Akction Programme, 200}9_) alongside e’mplOyi’ngQS_,G’OO people directly and 1.25_,_00.0
people indirectly.
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