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ABSTRACT 

This study evaluates the resilience and effectiveness of urban drainage systems in mitigating 

flood risks under current and future climate conditions, using Namasuba, a densely populated 

suburb of Kampala, Uganda, as a case study. Employing the PCSWMM hydrologic-hydraulic 

modelling platform, the study first simulated baseline drainage system performance under 

storm events of 10, 25, and 50-year return periods, utilizing historical rainfall data (1995-2024) 

analysed through Intensity-Duration-Frequency (IDF) curves generated using Gumbel 

distribution. 

To assess future impacts, precipitation projections were derived from the CMIP6 climate model 

(BCC-CSM2-MR) for two climate scenarios, SSP2-4.5 and SSP5-8.5. Bias correction of global 

model outputs to local conditions was achieved using Quantile Delta Mapping (QDM). 

Simulation results under future climate scenarios showed significant increases in runoff 

volume, flood duration, and the number of flooded nodes, with SSP5-8.5 presenting the most 

severe impacts. 

To address these impacts, Low Impact Development (LID) measures, specifically infiltration 

trenches and rain barrels, were implemented within the PCSWMM simulations. These 

adaptations demonstrated substantial effectiveness, significantly reducing flood volumes and 

durations. 

The findings underscore the vulnerability of existing urban drainage infrastructure in 

Namasuba to climate-induced flooding and highlight the importance of incorporating adaptive 

stormwater solutions into future urban planning strategies. This research contributes directly to 

achieving Sustainable Development Goals (SDGs) 11 (sustainable cities and communities) and 

13 (climate action), providing actionable insights for policymakers and urban planners to 

enhance resilience and sustainability in urban areas. 

 

Keywords: Urban drainage systems, Hydraulic Model, PCSWMM, Urban flooding, Climate 

Change, mitigation. 

 

 

 

 



 

ii 

 

DECLARATION 

I IRADUKUNDA ROBIN declare that this final year project report was originally written and 

compiled by me and has not been previously submitted for the award a bachelor’s degree I 

water resources engineering. 

 

Email: Iradrobin2@gmail.com  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:Iradrobin2@gmail.com


 

iii 

 

APROVAL 

I IRADUKUNDA ROBIN, submit this report for my final year research to the faculty of 

engineering and technology in the Department of Water Resources Engineering with the 

approval of my supervisor. 

Dr. Joseph Ddumba Lwanyaga 

Senior Lecturer 

Department of Water Resources Engineering 

Faculty of Engineering and Technology 

Busitema University 

 

  



 

iv 

 

ACKNOWLEDGEMENT 

I thank the almighty God for granting me the strength and determination to undertake this 

project. I express my gratitude to my supervisor, Dr. Joseph Ddumba Lwanyaga for his much-

needed guidance, supervision, and support throughout this work. I also thank my fellow 

students who offered necessary help to me during the learning of different software required 

for this work and during the preparation of this report. 

 



 

 

 

Table of Contents 
ABSTRACT ................................................................................................................................ i 

DECLARATION........................................................................................................................ ii 

APROVAL ............................................................................................................................... iii 

ACKNOWLEDGEMENT ........................................................................................................ iv 

CHAPTER 1: INTRODUCTION .............................................................................................. 1 

1.1 BACKGROUND ............................................................................................................. 1 

1.2 PROBLEM STATEMENT ............................................................................................... 2 

1.3 MAIN OBJECTIVE......................................................................................................... 3 

1.4 SPECIFIC OBJECTIVES ................................................................................................ 3 

1.5 RESEARCH QUESTIONS ............................................................................................. 3 

1.6 JUSTIFICATION ............................................................................................................. 3 

1.7 SCOPE OF STUDY ......................................................................................................... 4 

CHAPTER 2: LITERATURE REVIEW. ................................................................................... 5 

2.1 INTRODUCTION ........................................................................................................... 5 

2.1 Urban drainage systems. .................................................................................................. 5 

2.1.1 Performance assessment. .......................................................................................... 5 

2.1.2 Hydraulic performance ............................................................................................. 5 

2.1.3 Flooding risks............................................................................................................ 6 

2.2 Hydrologic and hydraulic modelling ............................................................................... 6 

2.1.4 Hydrodynamic simulation ......................................................................................... 7 

2.1.5 Hydrologic modelling ............................................................................................... 7 

2.1.6 Common tools used to assess drainage system performance.................................... 8 

2.3 Climate change................................................................................................................. 8 

2.1.7 Climate change projection ........................................................................................ 9 

2.4 Impact of climate on performance of urban drainage systems ...................................... 11 

2.4.1 Mitigation of urban floods ...................................................................................... 12 

2.5 Summary of the literature review .................................................................................. 13 

CHAPTER 3: METHODOLOGY ........................................................................................... 14 

3.1.1 Data collection and analysis.................................................................................... 14 

3.2 Baseline performance of the existing drainage systems to establish a baseline. ........... 15 

3.2.1 Rainfall analysis for intensity estimation ................................................................ 15 

3.2.2 Gumbel distribution ................................................................................................ 15 

3.2.3 Development of rainfall intensity duration frequency curves (IDF) ...................... 16 

3.3 PCSWMM...................................................................................................................... 17 



 

 

 

3.3.1 Model setup ............................................................................................................. 17 

3.3.2 Sub catchment Delineation. .................................................................................... 18 

3.3.3 Model simulation .................................................................................................... 19 

3.4 Projection of precipitation changes due to climate in the watershed ............................. 20 

3.4.1 Climate data and Scenario Selection ....................................................................... 20 

3.4.2 Bias correction and downscaling ............................................................................ 21 

3.4.3 Future IDF curve generation ................................................................................... 22 

3.5 Assessing the impacts of climate change. ...................................................................... 22 

3.5.1 Scenario simulation and Comparison ..................................................................... 22 

3.5.2 Mitigation options for Namasuba ........................................................................... 22 

3.5.3 Selection of mitigation options. .............................................................................. 23 

CHAPTER 4: RESULTS AND DISCUSSIONS ..................................................................... 25 

4.1 Baseline performance of urban drainage systems in Namasuba. ................................... 25 

4.1.1 Calibration and validation ....................................................................................... 25 

4.2 Performance of the drainage system .............................................................................. 26 

4.3 Projected precipitation trends in Namasuba from climate scenarios ............................. 27 

4.3.1 Projection under SSP2-4.5 ...................................................................................... 27 

4.3.2 Projection under SSP5-8.5 ...................................................................................... 28 

4.3.3 Annual Precipitation trends ..................................................................................... 29 

4.3.4 Monthly rainfall climatology .................................................................................. 30 

4.3.5 Decadal rainfall averages ........................................................................................ 31 

4.3.6 Rainfall anomalies relative to historical baseline ................................................... 31 

4.3.7 Summary statistics .................................................................................................. 32 

4.3.8 Implications for urban drainage in Namasuba ........................................................ 33 

4.4 Impact of climate change on urban drainage in Namasuba ........................................... 33 

4.4.1 Mitigation option to climate induced floods. .......................................................... 35 

4.4.2 Conclusions ............................................................................................................. 37 

4.4.3 Recommendations ................................................................................................... 37 

 

  



 

 

 

LIST OF TABLES 

Table 1;showing the data required and its functions ................................................................ 14 

Table 2: attributes for LID measures ....................................................................................... 24 

Table 3: Baseline Hydraulic performance ................................................................................ 26 

Table 4: Baseline hydrology .................................................................................................... 26 

Table 5. summary statistics for both scenarios ........................................................................ 32 

Table 6: shows a summary of the results from simulation of design storms ........................... 34 

Table 7: baseline performance with inclusion of the mitigation measures .............................. 35 

Table 8: showing results after applying both LIDs in each sub catchment ............................. 36 

Table 9subcatchment attribute change due to LID placement ................................................. 45 

Table 10 application of rainballels ........................................................................................... 45 

 

  



 

 

 

LIST OF FIGURES 

Figure 1: location of case study area .......................................................................................... 4 

Figure 2: show the IDF curve generated for the baseline condition ........................................ 25 

Figure 3: validation plot for SSP2-4.5 data ............................................................................. 27 

Figure 4:validation plot for SSP5-8.5 ...................................................................................... 29 

Figure 5: Shows the annual total precipitation from 2015 to 2100.......................................... 30 

Figure 6:Displays average monthly precipitation for both scenarios across the projection 

period. ...................................................................................................................................... 30 

Figure 7:Shows decadal trends in average monthly precipitation. .......................................... 31 

Figure 8:Rainfall anomalies under future climate ................................................................... 32 

Figure 9: shows comparison between peak runoff between future and current ...................... 33 

Figure 10: Shows surcharging and flooding of the node indicated by the read circles and the 

hydraulic gradient line(blue). ................................................................................................... 46 

Figure 11: figure shows comparison between scenarios for the period up to 2050, presenting 

the variability between these two scenarios ............................................................................. 46 

 

  



 

 

 

List of abbreviations 

CMIP  -Coupled Model Intercomparison Project 

GCM  - Global Climate Model 

LID  - Low impact development 

PCSWMM -Personal computer storm water management model 

RCM  -regional climate model 

SWMM - stormwater management model 

SSP  - Shared socioeconomic pathway 

UDS  - Urban Drainage Systems 

 

 

 

 

 

 

 

 



 

38 

 

References  

(IPCC), I. P. on C. C. (2023). Climate Change 2021 – The Physical Science Basis: Working 

Group I Contribution to the Sixth Assessment Report of the Intergovernmental Panel on 

Climate Change. Cambridge University Press. https://doi.org/DOI: 

10.1017/9781009157896 

Abuzwidah, M., Elawady, A., Ashour, A. G., Yilmaz, A. G., Shanableh, A., & Zeiada, W. 

(2024). Flood Risk Assessment for Sustainable Transportation Planning and Development 

under Climate Change : A GIS-Based Comparative Analysis of CMIP6 Scenarios. 

Aieb, A., Liotta, A., & Kadri, I. (2023). Downscaling Fusion Model for CMIP5 Rainfall 

Projection under RCP Scenarios: The Case of Trentino-Alto Adige. In Engineering 

Proceedings (Vol. 39, Issue 1). https://doi.org/10.3390/engproc2023039055 

Akhter, M. S., & Hewa, G. A. (2016). The Use of PCSWMM for Assessing the Impacts of 

Land Use Changes on Hydrological Responses and Performance of WSUD in Managing 

the Impacts at Myponga Catchment, South Australia. In Water (Vol. 8, Issue 11). 

https://doi.org/10.3390/w8110511 

Al Amin, M. B., Haki, H., & Alia, F. (2022). Tinjauan Kapasitas Sistem Drainase di Perumahan 

Center Park Palembang Menggunakan PCSWMM. Jurnal Rekayasa Sipil; Vol 18, No 3 

(2022)DO  - 10.25077/Jrs.18.3.178-193.2022 . 

http://jrs.ft.unand.ac.id/index.php/jrs/article/view/522 

Ambrizzi, T., Reboita, M. S., da Rocha, R. P., & Llopart, M. (2019). The state of the art and 

fundamental aspects of regional climate modeling in South America. Annals of the New 

York Academy of Sciences, 1436(1), 98–120. 

Andimuthu, R., Kandasamy, P., Mudgal, B. V, Jeganathan, A., Balu, A., & Sankar, G. (2019). 

Performance of urban storm drainage network under changing climate scenarios: Flood 

mitigation in Indian coastal city. Scientific Reports, 9(1), 7783. 

https://doi.org/10.1038/s41598-019-43859-3 

Ashley, R., & Smith, B. (2024). Urban drainage systems. In ICE Handbook of Urban Drainage 

Practice (pp. 21–58). https://doi.org/10.1680/icehudp.41783.021 

Beshir, A. A., & Song, J. (2021). Urbanization and its impact on flood hazard: the case of Addis 

Ababa, Ethiopia. Natural Hazards, 109(1), 1167–1190. https://doi.org/10.1007/s11069-

021-04873-9 

Bibi, T. S., Kara, K. G., Bedada, H. J., & Bededa, R. D. (2023). Application of PCSWMM for 

assessing the impacts of urbanization and climate changes on the efficiency of stormwater 

drainage systems in managing urban flooding in Robe town, Ethiopia. Journal of 

Hydrology: Regional Studies, 45, 101291. 

Bibi, T. S., Reddythta, D., & Kebebew, A. S. (2023). Assessment of the drainage systems 



 

39 

 

performance in response to future scenarios and flood mitigation measures using 

stormwater management model. City and Environment Interactions, 19, 100111. 

https://doi.org/https://doi.org/10.1016/j.cacint.2023.100111 

Bruno, B. (2022). The floods in Pakistan and the global and EU humanitarian responses. 

Burgess, M. G., Becker, S. L., Langendorf, R. E., Fredston, A., & Brooks, C. M. (2023). 

Climate change scenarios in fisheries and aquatic conservation research. ICES Journal of 

Marine Science, 80(5), 1163–1178. https://doi.org/10.1093/icesjms/fsad045 

Cea, L., & Costabile, P. (2022). Flood Risk in Urban Areas: Modelling, Management and 

Adaptation to Climate Change: A Review. Hydrology, 9(3). 

https://doi.org/10.3390/hydrology9030050 

Cetin, M. (2020). Climate comfort depending on different altitudes and land use in the urban 

areas in Kahramanmaras City. Air Quality, Atmosphere & Health, 13(8), 991–999. 

https://doi.org/10.1007/s11869-020-00858-y 

Chen, H., Xu, C.-Y., & Guo, S. (2012). Comparison and evaluation of multiple GCMs, 

statistical downscaling and hydrological models in the study of climate change impacts 

on runoff. Journal of Hydrology, 434–435, 36–45. 

https://doi.org/https://doi.org/10.1016/j.jhydrol.2012.02.040 

Chen, Y., Lin, H., Liou, J., Cheng, C., & Chen, Y. (2022). Assessment of Flood Risk Map under 

Climate Change RCP8 . 5 Scenarios in Taiwan. 1–17. https://doi.org/10.3390/w14020207 

Das, S., Choudhury, M. R., Chatterjee, B., Das, P., Bagri, S., Paul, D., Bera, M., & Dutta, S. 

(2024). Unraveling the urban climate crisis: Exploring the nexus of urbanization, climate 

change, and their impacts on the environment and human well-being – A global 

perspective. AIMS Public Health, 11(3), 963–1001. 

https://doi.org/10.3934/publichealth.2024050 

Eccles, R., Zhang, H., & Hamilton, D. P. (2019). A review of the effects of climate change on 

riverine flooding in subtropical and tropical regions. Journal of Water and Climate 

Change. https://doi.org/https://doi.org/10.2166/wcc.2019.175 

Endris, H. S., Lennard, C., Hewitson, B., Dosio, A., Nikulin, G., & Artan, G. A. (2019). Future 

changes in rainfall associated with ENSO, IOD and changes in the mean state over Eastern 

Africa. Climate Dynamics, 52(3), 2029–2053. https://doi.org/10.1007/s00382-018-4239-

7 

Ewea, H. A., Elfeki, A. M., Bahrawi, J. A., & Al-Amri, N. S. (2018). Modeling of IDF curves 

for stormwater design in Makkah Al Mukarramah region, The Kingdom of Saudi Arabia. 

Open Geosciences, 10(1), 954–969. 

Fathy, I., Abdel-Aal, G. M., Fahmy, M. R., Fathy, A., Zeleňáková, M., Abd-Elhamid, H. F., & 

Nassar, M. A. (2022). Effect of changing the shape and size of inlet area of grates on the 



 

40 

 

hydraulic efficiency of urban rainstorm drainage systems. Water, 14(16), 2541. 

Ferrans, P., Torres, M. N., Temprano, J., & Sánchez, J. P. R. (2021). Sustainable Urban 

Drainage System (SUDS) modeling supporting decision-making: A systematic 

quantitative review. The Science of the Total Environment, 150447. 

https://api.semanticscholar.org/CorpusID:238218543 

Giorgi, F. (2019). Thirty years of regional climate modeling: where are we and where are we 

going next? Journal of Geophysical Research: Atmospheres, 124(11), 5696–5723. 

Grigg, N. S. (2023). Comprehensive Flood Risk Assessment: State of the Practice. Hydrology. 

https://doi.org/https://doi.org/10.3390/hydrology10020046 

Gupta, R., Bhattarai, R., & Mishra, A. K. (2019). Development of Climate Data Bias Corrector 

(CDBC) Tool and Its Application over the Agro-Ecological Zones of India. Water. 

https://doi.org/https://doi.org/10.3390/W11051102 

Guptha, G. C., Swain, S., Al-Ansari, N., Taloor, A. K., & Dayal, D. (2021). Evaluation of an 

urban drainage system and its resilience using remote sensing and GIS. Remote Sensing 

Applications: Society and Environment, 23, 100601. 

https://doi.org/https://doi.org/10.1016/j.rsase.2021.100601 

H., A., R., R. G., H., A. A., & A., P. (2015). Climate Change Impact on Intensity-Duration-

Frequency Curves in Chenar-Rahdar River Basin. In Watershed Management 2015 (pp. 

48–61). https://doi.org/doi:10.1061/9780784479322.005 

Hamman, J., & Kent, J. (2020). Scikit-downscale: an open source Python package for scalable 

climate downscaling. https://doi.org/10.6084/m9.figshare.12506648.v1 

Hassan, B. T., Yassine, M., & Amin, D. (2022). Comparison of urbanization, climate change, 

and drainage design impacts on urban flashfloods in an arid region: case study, New Cairo, 

Egypt. Water, 14(15), 2430. https://doi.org/https://doi.org/10.3390/w14152430 

Hassan, M. R., Li, F., Zhang, Y., & Salmi, K. (2023). A Review : Types of Floods Causes and 

Their Impact in. 13(9), 252–262. https://doi.org/10.29322/IJSRP.13.09.2023.p14129 

Hempel, S., Frieler, K., Warszawski, L., Schewe, J., & Piontek, F. (2013). A trend-preserving 

bias correction – the ISI-MIP approach. Earth System Dynamics Discussions, 4, 219–236. 

https://doi.org/https://doi.org/10.5194/ESD-4-219-2013 

Hewitson, B., & Crane, R. (1996). Climate downscaling: techniques and application. Climate 

Research, 07(2), 85–95. https://doi.org/https://doi.org/10.3354/cr007085 

Horamo, Y., & Semebo, M. (2022). Assessment of Usage Diversity of Agroforestry Tree 

Species in Hadiya Zone , Southern. 17(2), 1–13. 



 

41 

 

IPCC. (2023). Summary for Policymakers: Synthesis Report. Climate Change 2023: Synthesis 

Report. Contribution of Working Groups I, II and III to the Sixth Assessment Report of 

the Intergovernmental Panel on Climate Change, 1–34. 

Islam, M. Z., & Wang, C. (2024). Cost of high-level flooding as a consequence of climate 

change driver?: A case study of China’s flood-prone regions. Ecological Indicators, 160, 

111944. 

Jha, S. K., Mariethoz, G., Evans, J. P., & McCabe, M. F. (2013). Demonstration of a 

geostatistical approach to physically consistent downscaling of climate modeling 

simulations. Water Resources Research, 49(1), 245–259. 

https://doi.org/https://doi.org/10.1029/2012WR012602 

Joint, F., & Committee, C. (2021). The Project for Integrated Urban Development Master Plan 

for Kampala Special Planning Area Project Goals , Objectives , Targe Years and 

Planning Areas Project Goals and Objectives Planning Area for Renewing KPDF. 

Keshta, E., Gad, M. A., & Amin, D. (2019). A long-term response-based rainfall-runoff 

hydrologic model: Case study of the upper Blue Nile. Hydrology, 6(3). 

https://doi.org/10.3390/hydrology6030069 

Kling, H., Fuchs, M., & Paulin, M. (2012). Runoff conditions in the upper Danube basin under 

an ensemble of climate change scenarios. Journal of Hydrology, 424, 264–277. 

https://doi.org/10.1016/j.jhydrol.2012.01.011 

Kotamarthi, R., Hayhoe, K., Mearns, L. O., Wuebbles, D., Jacobs, J., & Jurado, J. (2021). 

Downscaling Techniques for High-Resolution Climate Projections: From Global Change 

to Local Impacts. Cambridge University Press. https://doi.org/DOI: 

10.1017/9781108601269 

Krvavica, N., & Rubinić, J. (2020). Evaluation of design storms and critical rainfall durations 

for flood prediction in partially urbanized catchments. Water, 12(7), 2044. 

Kundzewicz, Z. W., Kanae, S., Seneviratne, S. I., Handmer, J., Nicholls, N., Peduzzi, P., 

Mechler, R., Bouwer, L. M., Arnell, N., Mach, K., Muir-Wood, R., Brakenridge, G. R., 

Kron, W., Benito, G., Honda, Y., Takahashi, K., & Sherstyukov, B. (2014). Flood risk 

and climate change: global and regional perspectives. Hydrological Sciences Journal, 

59(1), 1–28. https://doi.org/10.1080/02626667.2013.857411 

Lameche, E. khansa, Boutaghane, H., Saber, M., Abdrabo, K. I., Bermad, A. M., Djeddou, M., 

Boulmaiz, T., Kantoush, S. A., & Sumi, T. (2023). Urban flood numerical modeling and 

hydraulic performance of a drainage network: A case study in Algiers, Algeria. Water 

Science & Technology, 88(7), 1635–1656. 

Li, C., Sun, N., Lu, Y., Guo, B., Wang, Y., Sun, X., & Yao, Y. (2023). Review on Urban Flood 

Risk Assessment. 1–24. https://doi.org/10.3390/su15010765 



 

42 

 

Lima, F. N., Freitas, A. C. V., & Silva, J. (2023). Climate Change Flood Risk Analysis: 

Application of Dynamical Downscaling and Hydrological Modeling. Atmosphere, 14(7), 

1069. 

Litrico, X., & Fromion, V. (2009). Modeling of Open Channel Flow. Modeling and Control of 

Hydrosystems, 17–41. https://doi.org/10.1007/978-1-84882-624-3_2 

Lopes Bezerra, P. H., Coutinho, A. P., Lassabatere, L., Santos Neto, S. M., Melo, T. D., 

Antonino, A. C., Angulo-Jaramillo, R., & Montenegro, S. M. (2022). Water Dynamics in 

an Infiltration Trench in an Urban Centre in Brazil: Monitoring and Modelling. In Water 

(Vol. 14, Issue 4). https://doi.org/10.3390/w14040513 

Lu, W., & Qin, X. (2020). Integrated framework for assessing climate change impact on 

extreme rainfall and the urban drainage system. Hydrology Research, 51(1), 77–89. 

https://doi.org/10.2166/nh.2019.233 

Maraun, D. (2016). Bias Correcting Climate Change Simulations - a Critical Review. Current 

Climate Change Reports, 2(4), 211–220. https://doi.org/10.1007/s40641-016-0050-x 

Maryam, M., Kumar, R., & Thahaby, N. (2021). Assessment of the Hydraulic Performance of 

the Urban Drainage System due to Climate Change using DHI MIKE URBAN. Journal 

of Biomedical Research \& Environmental Sciences. 

https://api.semanticscholar.org/CorpusID:236755725 

Miller, J. D., & Hutchins, M. (2017). The impacts of urbanisation and climate change on urban 

flooding and urban water quality: A review of the evidence concerning the United 

Kingdom. Journal of Hydrology: Regional Studies, 12, 345–362. 

https://doi.org/https://doi.org/10.1016/j.ejrh.2017.06.006 

Mugume, S. N., Gomez, D. E., & Butler, D. (2014). Quantifying the Resilience of Urban 

Drainage Systems Using a Hydraulic Performance Assessment Approach. 

https://api.semanticscholar.org/CorpusID:55485776 

Namuleme, H. (2024). Urban climate resilience: what African cities can learn from Kampala, 

Uganda. https://globaldev.blog/urban-climate-resilience-what-african-cities-can-learn-

from-kampala-uganda/ 

Poelmans, L., Rompaey, A. Van, Ntegeka, V., & Willems, P. (2011). The relative impact of 

climate change and urban expansion on peak flows: a case study in central Belgium. 

Hydrological Processes, 25(18), 2846–2858. 

https://doi.org/https://doi.org/10.1002/hyp.8047 

Ramovha, N., Chadyiwa, M., Ntuli, F., & Sithole, T. (2024). The Potential of Stormwater 

Management Strategies and Artificial Intelligence Modeling Tools to Improve Water 

Quality: A Review. Water Resources Management. 

https://api.semanticscholar.org/CorpusID:269074921 



 

43 

 

Saadeddine, M. (2015). Using PCSWMM to simulate first flush and assess performance of 

extended dry detention ponds as structural stormwater BMPs in a large polluted urban 

watershed. 

Salami, R. O., Giggins, H., Salami, R., Meding, V., & Commons, C. (2017). Urban settlements 

’ vulnerability to flood risks in African cities : A conceptual framework. 1–9. 

Sambeto, T., Gonfa, K., & Jima, H. (2023). Journal of Hydrology : Regional Studies 

Application of PCSWMM for assessing the impacts of urbanization and climate changes 

on the efficiency of stormwater drainage systems in managing urban flooding in Robe 

town , Ethiopia. Journal of Hydrology: Regional Studies, 45(September 2022), 101291. 

https://doi.org/10.1016/j.ejrh.2022.101291 

Satish, K., R., K. D., & K., G. A. (2018). Assessment of Stormwater Drainage Network to 

Mitigate Urban Flooding Using GIS Compatible PCSWMM Model. In Urbanization 

Challenges in Emerging Economies (pp. 38–46). 

https://doi.org/doi:10.1061/9780784482025.005 

Semadeni-Davies, A., Hernebring, C., Svensson, G., & Gustafsson, L.-G. (2008). The impacts 

of climate change and urbanisation on drainage in Helsingborg, Sweden: Suburban 

stormwater. Journal of Hydrology, 350(1–2), 114–125. 

https://doi.org/https://doi.org/10.1016/j.jhydrol.2007.11.006 

Sidek, L. M., Chua, L. H., Azizi, A. S., Basri, H., Jaafar, A. S., & Moon, W. C. (2021). 

Application of PCSWMM for the 1-D and 1-D–2-D Modeling of Urban Flooding in 

Damansara Catchment, Malaysia. In Applied Sciences (Vol. 11, Issue 19). 

https://doi.org/10.3390/app11199300 

Singh, A., Dawson, D., Trigg, M., & Wright, N. (2021). A review of modelling methodologies 

for flood source area ( FSA ) identification. 1047–1068. 

The World Bank Group. (2021). CLIMATE RISK COUNTRY PROFILE. Climate Risk 

Profile: Uganda (2021): The World Bank Group. http://www.worldbank.org/ 

UNDRR, U. N. O. for D. R. (2020). Human Cost of Disasters. Human Cost of Disasters. 

https://doi.org/10.18356/79b92774-en 

Wang, M., Zhang, D. Q., Su, J., Trzcinski, A. P., Dong, J. W., & Tan, S. K. (2017). Future 

Scenarios Modeling of Urban Stormwater Management Response to Impacts of Climate 

Change and Urbanization. CLEAN – Soil, Air, Water, 45(10), 1700111. 

https://doi.org/https://doi.org/10.1002/clen.201700111 

Wen, J., Wan, C., Ye, Q., Yan, J., & Li, W. (2023). Disaster Risk Reduction, Climate Change 

Adaptation and Their Linkages with Sustainable Development over the Past 30 Years: A 

Review. International Journal of Disaster Risk Science, 14(1), 1–13. 

https://doi.org/10.1007/s13753-023-00472-3 



 

44 

 

White, I., Connelly, A., Garvin, S., Lawson, N., & O’Hare, P. (2018). Flood resilience 

technology in Europe: identifying barriers and co‐producing best practice. Journal of 

Flood Risk Management, 11, S468–S478. 

Xavier, A. C. F., Martins, L. L., Rudke, A. P., de Morais, M. V. B., Martins, J. A., & Blain, G. 

C. (2022). Evaluation of Quantile Delta Mapping as a bias-correction method in maximum 

rainfall dataset from downscaled models in São Paulo state (Brazil). International Journal 

of Climatology, 42(1), 175–190. https://doi.org/10.1002/joc.7238 

Xiong, L., Yan, L., Du, T., Yan, P., Li, L., & Xu, W. (2018). Impacts of Climate Change on 

Urban Extreme Rainfall and Drainage Infrastructure Performance: A Case Study in 

Wuhan City, China. Irrigation and Drainage, 68(2), 152–164. 

https://doi.org/10.1002/IRD.2316 

Zahra, Z., Mohammad, K., Erfan, G., & J., B. S. (2015). Analysis of the Effects of Climate 

Change on Urban Storm Water Runoff Using Statistically Downscaled Precipitation Data 

and a Change Factor Approach. Journal of Hydrologic Engineering, 20(7), 5014022. 

https://doi.org/10.1061/(ASCE)HE.1943-5584.0001064 

Zhou, Q., Leng, G., Su, J., & Ren, Y. (2019). Comparison of urbanization and climate change 

impacts on urban flood volumes: Importance of urban planning and drainage adaptation. 

Science of The Total Environment, 658, 24–33. 

https://doi.org/https://doi.org/10.1016/j.scitotenv.2018.12.184 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


