IMPACT OF LAND USE AND LAND COVERCHANGES ON CARBON
STOCKS IN SERERE’S CENTRAL FORESTS RESERVES.

By
SAMUEL OKURUT

(BU/GS20/MCC/16)

A DISSERTATION SUBMITTED TO THE DIRECTORATE OF GRADUATE
STUDIES, RESEARCH AND INNOVATION IN PARTIAL FULFILLMENT OF THE
REQUIREMENT FOR THE AWARD OF THE DEGREE OF MASTER OF SCIENCE

IN CLIMATE CHANGE AND DISASTER MANAGEMENT OF BUSITEMA
UNIVERSITY

OCTOBER 2025



BUSITEMA
UNIVERSITY
Pursuing Excellence

IMPACT OF LAND USE AND LAND COVERCHANGES ON CARBON
STOCKS IN SERERE’S CENTRAL FORESTS RESERVES.

Samuel Okurut

(BU/GS20/MCC/16)

A dissertation submitted to the Directorate of Graduate Studies, Research and
Innovation in partial fulfillment of the requirement for the award of Master of Science

in Climate Change and Disaster Management Degree of Busitema University

OCTOBER 2025



DECLARATION

I, Samuel Okurut, declare that this research report entitled: “Impact of Land use and land
Cover changes on Carbon stocks in the Serere’s Central Forest Reserves, Uganda” is my
original work and has not been submitted for any academic award in any university or
institution of higher learning. Where other people’s work has been used, it has been properly

acknowledged and referenced in accordance with academic rules and conventions.

This report is submitted in partial fulfillment of the requirements for the award of Master of

Science in Climate Change and Disaster Management degree of Busitema University.

Student Name: SAMULL, OKURUTYS

Registration Nymber: BU/GS20/MCC/16
y

Signature:

& 1=
Date: /,_I_&, ‘A0



APPROVAL

This is to certify that this research report entitled: “Impact of Land use and land cover
Changes on Carbon Stocks in the Serere Central Forest Reserve, Uganda” has been written
under our supervision and is solely the original work of the candidate, Samuel Okurut. The
report contains authentic work of academic value and has been prepared following the

University’s approved research and formatting guidelines.

We therefore approve that this report be submitted for examination in partial fulfillment of
the requirements for the award of the degree of Master of Science in Climate Change and

Disaster Management of Busitema University.

Prof. Isabirve Moses ( {
Signature: - ( )

A A
Date: OD‘ W]/ 2/()%

L

Supervisor 2
Dr Dumba Saul Danigl

Signature.

pg i | 2025

Date:



DEDICATION

This research work is dedicated to my beloved mother, Mrs. Oluka Anna Achipa, for her
sacrificial heart and ceaseless prayers that have guided me through life.

To my dear wife, Mrs. Amulen Rhoda, whose unwavering support and encouragement have
been the backbone of my academic journey, | extend my deepest gratitude. Special
appreciation goes to my brothers, Mr. Oreta Andrew and Mr. Aogon Patrick, for their
consistent reminders and motivation to accomplish this Master’s program. | also dedicate this
work to my friend and colleague, Mr. Ojelel Benjamin, for his selfless support and

commitment in standing in for me at the workplace whenever duty called.

Lastly, this work is dedicated to my friends and classmates: Kaduuma Antony, Kakaire
Victoria, Okello Moses, Bakole Alex, and Sam Paul Akol whose support, encouragement, and

camaraderie have been invaluable throughout this academic journey.

May this piece of work reflect the sacrifices you all made.



ACKNOWLEDGEMENT

| sincerely acknowledge the invaluable support and mentorship of my supervisors, Prof.
Isabirye Moses and Dr. Dumba Saul Daniel, whose tireless guidance, constructive feedback,

and encouragement greatly contributed to the success of this research.

My heartfelt thanks also go to the lecturers in the Department of Environmental Planning and
Management, within the Faculty of Natural Resources and Environmental Sciences at
Busitema University, for their insightful comments, academic support, and provision of

technical resources throughout the study.

I am equally grateful to my classmates and friends for their continuous encouragement,

collaboration, and moral support during the entire research process.

Above all, I give thanks to God Almighty for the strength, wisdom, and resilience that have

carried me through every stage of this academic journey.



TABLE OF CONTENTS

DECLARATION ..ttt ettt ettt st sat e st sbe e s bt e s bt e b e e bt et e e bt e bt et e eabeeabesseeeanesaeesaeenae i
APPRONVAL . ...ttt ettt et e a bt e a bt e s h et e sb et e at e e s bt e e sate e s a b e e ehe e e ahte e heeesbeeeaateeeateas i
DEDICATION ... ettt ht e he e s at e e sa e e s ab e e sab e e sab e e sabe e sabeesabeesabeesabeesabeesabeesabeeeanes iii
ACKNOWLEDGEMENT ...ttt ettt ettt sat e sab e e sateesme e e sareesbeeesnneenaeeas iv
LIST OF FIGURES ...ttt st b et ettt ettt et et st e saaesaeesaeesaeens vii
LIST OF TABLES ...ttt st ettt st sttt et sae e s be e e bt e e sate e sbeeenateesseeesaeeennns vii
LIST OF ACRONYMS . ..ttt ettt ettt ettt ettt e b e e bt e e bt e e bt e e ebe e e sbeeesabeesbteenaeeanns viii
A B ST RA CT ettt e s bt e e s bt e s b et e b et a et e bt e e bt e e e ab e e ehe e e bt e e he e e ebeeennreennrean ix
CHAPTER ONE: INTRODUCTION ...ttt sttt ettt ettt ettt ettt st saeesaeesaees 1
1.1 Background Of the STUAY .......c.eecueeiieiieie ettt ettt st esrae e e sneesreeseeens 1
1.2 Problem StAEMENT. ..o 3
IO B O | o] =T ot LR 4
131 YT g1 0] o] 1<ed £ A7 IO USRS 4
1.3.2 SPECITIC ODJECTIVES....eeeieeeeee et 4

1.4 RESEAICH QUESLIONS .....ootirtiriieieetieteett ettt ettt sttt ettt et besbe ettt sae et et e stesaeeneentens 4
1.5  Justification Of the STUAY ....c.cooveeiiieeee e e e 4
1.6 Significance Of the STUAY .......ccviiiiiiece et et 5
1.7 Conceptual framEBWOIK .......c.ccvieiiciece ettt et esaa e nneeneas 5
CHAPTER TWO: LITERATURE REVIEW ..ottt ettt st esteesbee e 7
2.1 Land use and 1and COVEr CNANGES .......cccvieiieeeiieeciee e erieeesre et e e stee e sire e str e e sabe e s re e sareesaaeesanes 7
2.1.1 LULC change in Africa and Uganda ...........cccveieeieeriieieenieecie et see e see e sreens 7
2.1.2 Remote sensing and GIS for LULC analysiS.......cccvevveieeveeceeieeieeee e seeseesiee e 8
2.1.3 Temporal analysis of LULC Change.......c.covveriereenieeeeeeee e 10

2.2 Forests and Carbon SIOCKS........cc.euiririeiirieneeeresee et 10
2.2.1 Role of remote sensing and MOGEIING .....cceecveriiiieiie e 11
2.2.2 Temporal Carbon stock changes in forest [andsSCapes.........cccveevvecieeciicceeiie s, 12

2.3 Relationship between LULC changes and Carbon StOCK..........ccceeveereeveeciiecieececie e 12
2.3.1 Carbon pools and measurement teChNIQUES ........ccveeveeierie et seesee e 14
2.3.2 Theoretical fFraMEWOTK .........coiviiiiiee e 14
2.3.3 Empirical studies linking LULC and Carbon StoCKS..........c.ccccvveviievieeiieeiieesieesieenns 16
2.34 Limitations and gaps in existing lterature..........cocvevveveeeeece e 18
CHAPTER THREE: METHODOLOGY ....coocitiiitiiiie st sieesite st esieesieessteessreesaeesteessassseesseesnsens 19
311 STUAY AIBA ...ttt sttt b et besbeeanens 19
3.1.2 SCOPE OF TN STUAY ...eeceii e et et e et e enee s 20

3.2 RESEAICH UESIGN ...veviiciiicieeciee ettt et e et e et e et e st e s aaestaesteesbeesbeesteebeebeeseenreens 21



3.2.1 Data preprocessing and image Preparation .........cccoceeecveeceeeveeeneeesveesneeseeesneessneenes 21

3.2.2 Land use and land cover classifiCation ...........ccocorieiirnienieneeeee e 21
3.2.3 Ground truthing and aCCUracy aSSESSMENT.........ccuereerieeriereesreeseesteesreesreereeseeseeseens 22
3.24 Carbon StOCK MOUEIING......eecieeiieiieiiee ettt be e ereeseeneeas 22
3.3 DALA SOUICES ...ttt ettt ettt ettt e h et e b et e bt e e bt e e b et e bt e e bt e e sbeeebeesbeeesbeeesabeesaeeenseeanns 22
K B T - - L4 T- || 1 23
34.1 Changes in the land use and land cover OVErtiMe........c.cccuevvveveeieeveeceecee e 23
3.4.2 Carbon STOCK ChANGES ....c.veeveeiieeeeee ettt st ereenees 24
3.4.3. Relationship between land use and carbon StOCKS ..........cccceevverievieciecieeeeee e 24
35 Ethical CONSIABIALIONS ........eieieieeie ettt ettt ettt e sae e et e seeesaeeseeas 25
CHAPTER FOUR: RESULTS AND DISCUSSION .....coiteieiirierieieieitstesieneeeee et e s 26
4.1  Land Use and Land Cover change in the Serere’s Central Forest Reserves (2001-2020) ... 26
4.2 Changes in Carbon StOCKS OVEITIME ......ccceeiieriieieeie ettt 28
421 Carbon changes from the INVEST Model .........cccoeririiiiiiceeeeceeee 28
4.2.2 Changes in Carbon stocks in Serere Central Forest Reserve (2001-2020) Using IPCC
Tier 1 CarDON JENSITIES ...c..eeuieieieeieee ettt sttt st sttt sae e enee 31
4.3  Relation analysis of Carbon stock and land use and land cover types........cccoceevveverereennee. 32
4.4 DISCUSSION OF FESUILS ....eeieeiiieiieieiie ettt ettt et e st e st e et e saeesaeesteesneenneas 34
44.1 Land Use and Land Cover Change Dynamics (2001-2020)........ccceeeevreevieevesveeenenne 34
4.4.2 Carbon stock dynamics and emissions (2001—-2020).........cccceevvereereereeneeseeseeseeennenn 35
443 Relationship Between Forest Area and Carbon StocK .........ccccoeveeieninineenicnenenene 36
4.5 [T a1 LA ] SRR 37
CHAPTER FIVE: CONCLUSION AND RECOMMENDATIONS ......ccoccevieieenienieieeee e 39
5.1  Conclusion OF the STUAY .........ccveiiiiieieeceeeee ettt e be e aeereenae e 39
5.2  Recommendations of the StUAY .....ccceecieiieiiee e e 39
5.3 Areas Of fUItNEr FESEAICN .......ccuei ettt e eeenae e 40
REFERENCES ...ttt sttt ettt et saese st et e saeseesesaesenseseesessensenseneesess 41

Vi



LIST OF FIGURES

FIGURE 1: CONCEPTUAL FRAMEWORK: ADAPTED FROM THE ECOSYSTEM SERVICES THEORY (COSTANZAET AL.,

LS I 7 [N R L I R 5
FIGURE 2: LOCATION OF SERERE CENTRAL FOREST RESERVES ...ceeiiiiiiiiiiiiitteeeeeeeeeeeeeeeeeesareeeeeeeeeeeeseeenssssnneneens 19
FIGURE 3:SPATIAL TRENDS OF FOREST COVER IN SERERE CENTRAL FOREST RESERVE (2001-2020)..........cc.eu..... 27

FIGURE 4: SPATIAL TRENDS OF LAND COVER IN SERERE DISTRICT (2001-2020) ......ccveerieiieriieireereerieesere e
FIGURE 5: CARBON STOCKS DISTRIBUTION IN SERERE CENTRAL FOREST RESERVES IN 2001 ......cceeeeiiiiiiirineee.
FIGURE 6: CARBON STOCKS DISTRIBUTION IN SERERE CENTRAL FOREST RESERVES IN 2020 ......ccceeeeviiiirrrrreennn.
FIGURE 7: CARBON STOCKS CHANGES IN SERERE CENTRAL FOREST RESERVES FROM 2001-2020
FIGURE 8: BOXPLOT OF THE CARBON STOCKS BY LAND USE OVER TIME ....uuutiiiiiiieeeeeeeeeeiiiirnirreeeeeeeeeseesnnnsssssssees

LIST OF TABLES

TABLE 3.1 DATA SOURCES ...ceiiiiieiiiiiiiiiittieteeeeeeeeeeeeiitttbareseaaaaaeeeaaaassssssasssaaaaeesaasaassssssasssaaaaasessssaassssssssesaaaaeaanns 22

TABLE 4:1SUMMARIZES THE AREA (IN SQUARE KILOMETERS) AND PERCENTAGE OF EACH LAND COVER CLASS FOR
ALL THE STUDIED YEARS ...vvveeerivieeeeeeireeeeeennenns

TABLE 4:2 AGGREGATE RESULTS FROM INVEST

TABLE 4:3 CARBON STOCKS OVER THE YEARS 2001 -2020........cuvieeiiiiieieeeciieee e eiireeeeeerreeeesevreeeeeeraeeeesnnnseeeennns 31

TABLE 4:4 CORRELATION BETWEEN DIFFERENT LAND USE AND LAND COVER TYPES WITH CARBON STOCKS........ 32

vii



LIST OF ACRONYMS

AFOLU Agriculture, Forestry and Other Land Uses
AGB Above Ground Biomass

BGB Below Ground Biomass

CcC Climate Change

CCD Climate Change Department

CFM Collaborative Forest Management

CO: Carbon Dioxide

DOM Dead Organic Matter

FAO Food and Agriculture Organization

GHG Greenhouse Gas

GIS Geographic Information System

INVEST Integrated Valuation of Ecosystem Services and Tradeoffs
IPCC Intergovernmental Panel on Climate Change
KNN K-Nearest Neighbour

LiDAR Light Detection and Ranging

LULC Land Use and Land Cover

Mg C Megagrams of Carbon

MLC Maximum Likelihood Classifier

MWE Ministry of Water and Environment

NDC Nationally Determined Contributions

NEMA National Environment Management Authority
NFA National Forestry Authority

QGIS Quantum Geographical Information Systems
REDD+ Reducing Emissions from Deforestation and Forest Degradation
RF Random Forest

SCFRs Serere's Central Forest Reserves

SOC Soil Organic Carbon

SVN Support Vector Machine

UBOS Uganda Bureau of Statistics

UNFCCC United Nations Framework Convention on Climate Change

viii



ABSTRACT
This study assessed the impact of land use and land cover (LULC) changes on carbon stocks

in Serere Central Forest Reserves, Uganda, between 2001 and 2020. Multi-temporal Landsat
imagery was classified using the Random Forest algorithm in R and QGIS to map LULC
transitions, and carbon stocks were estimated with the InNVEST model using IPCC Tier 1
carbon density values. Boxplots illustrated carbon stock distributions across land use types
over the years, while Spearman’s rank correlation quantified the relationship between forest
area and total carbon, and Kruskal-Wallis tests evaluated temporal differences in carbon
stocks. The results revealed substantial LULC transformations, with forest cover declining
from 22.73 km? (55.2%) in 2001 to 12.12 km? (29.4%) in 2020 a net loss of 10.61 km? while
agricultural land expanded from 8.04 km2 to 22.78 km2 and settlements increased by 288
hectares. Total carbon stocks decreased by 36.9%, from 774,947 Mg C in 2001 to 488,991
Mg C in 2020, corresponding to approximately 1.05 million tonnes of CO: emissions. Forest
areas accounted for the highest carbon losses (269,542 Mg C), whereas agricultural
expansion contributed modest carbon gains (68,508 Mg C) due to its low carbon density.
Spearman’s correlation confirmed a strong, positive, and statistically significant relationship
between forest area and total carbon stocks (r; = 0.986, p < 0.01), highlighting forests as the
primary determinant of landscape carbon dynamics. The Kruskal-Wallis test indicated no
significant differences in carbon stocks across years, suggesting gradual rather than abrupt
temporal changes. These findings underscore that deforestation and land conversion
substantially reduce carbon storage capacity releasing more carbon to the atmosphere
increasing the greenhouse gases and contributing to climate change, emphasizing the need for
integrated land use planning, forest conservation, and community-based reforestation. The
study provides empirical evidence to support Uganda’s REDD+ initiatives and informs

national strategies for climate change mitigation and resilience.
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