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Abstract 

     The quantification of runoff and need to estimate surface water resources 

in wadis systems is a major field of research. Multiple regression formula for 

annual stream flow was established using discharge gauged stations and 

catchment characteristics to calculate the flows in wadis within the 

homogeneous region for Dar Fur States.  Using Geographic Information 

Systems (GIS) techniques produced digital-hydrological maps and formulated 

a useful tool for rainfall-runoff prediction equations. Produced maps were 

based on elevation data provided by Shuttle Radar Topography Mission, 

SRTM. Hydrological mapping was done through several sub-software tools 

such as Arc hydro, 3D analysis, and ArcScence in (GIS) program. For data 

analysis, the XLSTAT tools in Excel program was used. The aim was to 

determine the best distribution of rainfall data that was used as one of the 

parameters in the model. After distribution in layers by using Kringing 

Method, together with XLSTAT tools multiple regression equations were 

evaluated. Three multiple regression equations were developed for the three 

states West, North, and South Dar Fur. They were conducted in order to relate 

stream flow in the hydrometric stations and independent characteristics of the 

catchments upstream of the stations. These characteristics were mean areal 

precipitation, catchment area, catchment mean slope, and stream length. 

     These relations were summarized for three water resource regions in Dar 

Fur. They produced 
2R  (correlation coefficient) values ranging from 0.995 to 

0.999. Some stations were chosen to verify accuracy of relationship. Finally, 

the total annual flow was calculated for the three states based on major wadis 

flow. in the west Dar Fur State the available measured annual discharge for 
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wadi Azum was (487 M.cm) but the calculated done for two wadis Azum and 

Kaja were (2348 M.cm), and the measured and calculated annual discharge 

for two wadis Alku and Howar in North Dar Fur were (103.03 M.cm), (110.9 

M.cm) respectively. and the measured and calculated annual discharge for 

five wadis were Nyala, Negeida, Ibra, Bulbul, and Kaya in South Dar Fur state 

were (1141 M.cm),(462.801 M.cm) respectively. These calculated results 

were compared and discussed with previous studies in Dar Fur, and found 

more accurate. The study highly recommended using XLSTAT tools in Excel 

with High resolutions DEMs, and other method of flow estimation in 

catchment should be used. 
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 مستخلص البحث

تقدير كمية الجريان السطحي والحوجة لتقدير موارد المياه السطحيه في الاودية هو مجال           

تم انشاء معادلات بطريقة الانحدار المتعدد للجريان السطحي السنوي باستحدام محطات  واسع للبحوث .

قياس التصريف وخصائص المساحات وذلك لحساب كمية التصريف في الاوديه ذات الطبيعه 

المتجانسه لولايات دارفور الكبرى . استخدمت تقنية نظم المعلومات الجغرافيه لانشاء خرائط رقميه 

وصياغة الطريقة المثلى للتنبؤ بمعادلات الجريان السطحي .الخرائط المتكونه اعتمدت هيدرولجيه .

تخطيط الخرائط الهيدرولوجيه لعلى بيانات الارتفاعات الطبغرافيه لرادار  ماكوك ناسا الفضائى 

في التحليل ثلاثي الابعاد والرسم ثلاثي الابعاد   Arc hydro ,باستخدام بعض الادوات المبرمجيه مثل

في برنامج  XLSTATاستخدمت اداة    ولتحليل بيانات المطر  برنامج نظم المعلومات الجغرافيه.

اكسل وكان الهدف تحديد افضل توزيع لبيانات المطر الذي استخدم كاحد معاملات النموذج وذلك بعد 

توزيعها في طبقات باستخدام طريقة كرنجن وايضا هذه الاداء استحدمت لتقدير معادلات الانحدار 

حي عند المحطات المتعدد.تم انشاء ثلاثه معادلات لولايات دارفوروبينت كمية الانسياب السط

الهيدرومترولوجيه مع معاملات المتغيرات المستقله مساحة مستجمعات المياه وميلانها وكمية المطر 

بها وطول الوادي.هذه المعادلات لخصت لثلاثه  مناطق دارفور واعطت قيمة معامل ارتباط يتراوح 

ه واخيرا تم حساب الانسياب .بعض المحطات تم اختيارها للتحقق من دقة العلاق   0.999–0.995بين  

فى ولاية شرق دارفور كانت القياسات المتوفره السنوي للثلاثه ولايات اعتمادا على الاوديه الرئيسيه .

   M.cm 2348ولكن الحسابات اجريت لواديى ازوم وكجا وهى   M.cm 487لوادى ازوم فقط  هى 

 103.03فى شمال دارفور هى لوادى الكو وهوار المقاس والمحسوب التصريف السنوى  وكان

M.cm  110.9و M.cm   خمسه اودية  لعدد التصريف السنوى المقاس والمحسوباما .على الترتيب

 462.801M.cmو 1141M.cmفى ولاية جنوب دارفور هى نيالا ,نجيدا ,ابرا,بلبل ,ووادي كيا 

وختمت  .انها الاكثر دقة هذه النتائج قورنت ونوقشت بدراسات سابقه في دارفور ووجدتعلى الترتيب. 

استخدام نمازج ارتفاعات  ,  Excelفى برنامج   XLSTAT اداةباستعمال  ةالدراسة  بالتوصية القوي

 . ,واستخدام طرق اخرى لتقدير الجريان لمستجمعات المياه DEMs رقمية اكثر دقة

 

 



 

VII 

Table of Contents 

Subject Page 
 I     الاية الكريمة

Dedication     II 

Acknowledgements  III 

Abstract in English    IV 

Abstract in Arabic VI 

Table of Contents VII 

List of Tables IX 

List of Figures XI 

List of Abbreviations XIV 

CHAPTER ONE  

1. INTRODUCTION 1 

1.1. Background 1 

1.2. Study Area 1 

1.3. Statement of the Problems 7 

1.4. Research Objectives 7 

1.4.1General Objectives 7 

1.4.2Specific Objectives 7 

1.5. Structure of Research 8 

CHAPTER TWO  

2. LITERATURE REVIEW 9 

2.1. Rainfall Gauges Types and Measurements 9 

2.2 Surface Runoff and Measurements 10 

2.3 Methods of Estimation of Runoff from Rainfall 12 

2.4. Microsoft Excel tools 19 

2.5.GIS Software and Analysis 20 

2.5.1. Digital Image Processing 21 

2.5.2. ESRI ArcGIS v10.2 Desktop for Windows 23 

2.5.3.GIS data structure types 25 

2.6. The Previews study in Dar Fur states 30 

2.7. Previews study using regression methods and GIS   32 

CHAPTER THREE  

3. METHODOLOGY 33 

3.1. The Road Map 33 

3.2. ArcGIS Analysis 36 

3.3. Rainfall Data Collection and Analysis 48 

3.4. Discharge data collections 49 

3.4.1. discharge data were selected for these work 49 

3.4.2. Independent Characteristics for selected Discharge Stations 50 

3.4.3. West Darfur State selected stations 76 



 

VIII 

3.4.4. North Darfur state selected stations 78 

3.4.5. South Darfur state selected stations 81 

3.5. Multiple regression method 83 

CHAPTER FOUR  

4. RESULTS and DISCUSSION 84 

4.1. Results Darfur states equations 84 

4.2. Discussion 95 

4.2.1. Discussion of West Darfur state 95 

4.2.2. Discussion of North Darfur state 95 

4.2.3. Discussion of South Darfur state 96 

CHAPTER FIVE  

5. CONCLUSIONS AND RECOMMENDATIONS 117 

5.1. Conclusions 117 

5.2. Recommendations 117 

REFERENCES 119 

APPENDIXES 121 

Appendix A: Wadi system in Darfur 121 

Appendix B: Rainfall distribution fitting with XLSATA tools 123 

Appendix C: Dar Fur Rain Fall stations measured and the best distribution  128 

 

 

 

 

 

 

 

 

 

 



 

IX 

List of Tables 

Table Title Page 

2.1 Factors Affecting Runoff 11 

2.2 Specifications of SRTM 23 

2.3 Annual Discharge of The Main Wadis in North Dar Fur 30 

2.4 Annual Discharge of The Main Wadis in South Dar Fur 30 

2.5 Annual Discharge of The Main Wadis in South Dar Fur 31 

2.6 Annual Discharge of The Main Wadis in Dar Fur 31 

2.7 Estimated Discharge of The Main Wadis in Dar Fur 32 

3.1 Terrain Preprocessing Layers 36 

3.2 Attributes Tables of Dar Fur Catchment Less 45 

3.3 Attributes Tables of Dar Fur Catchment More 45 

3.4 Attributes Tables of Dar Fur Streams Less 46 

3.5 Attributes Tables of Dar Fur Streams More 46 

3.6 Summary Selected Discharge Data of Dar Fur States 49 

3.7 The Independent Characteristics of selected Discharge Stations 51 

3.8 The independent characteristics for Wadi Azum 77 

3.9 The independent characteristics at log scale for Wadi Azum 78 

3.10 Verification for west Darfur equation 78 

3.11 The independent characteristics for wadis in North Darfur 79 

3.12 The independent characteristics at log scale for Wadis in North Darfur 80 

3.13 Verification for north Darfur equation 80 

3.14 The independent characteristics for wadis in south Darfur 82 

3.15 The independent characteristics at log scale for Wadis in south Darfur 82 

3.16 Verification for south Darfur equation 82 

4.1 Coefficients and regression functions For Different States 94 

4.2 West Darfur State Predicted and Measured Discharges 97 

4.3 Verify west Darfur equation  97 

4.4 Calculated Wadi Azum Discharge 97 

4.5 Calculated Wadi Kaja Discharge 98 

4.6 Comparison Between Present and Previous Studies for West Dar Fur 103 

4.7 North Dar Fur State Predicted and Measured Discharges 103 

4.8 Verify North Dar Fur equation  103 

4.9 Calculated Wadi Al Ku Discharge 104 

4.10 Calculated Wadi Howar Discharge 104 

4.11 Comparison Between Present and Previous Studies for North Dar Fur 109 

4.12 South Dar Fur State Predicted and Measured Discharges 109 

4.13 Verify South Darfur equation  109 



 

X 

4.14 Calculated Wadi Nyala Discharge 110 

4.15 Calculated Wadi Kaya Discharge 110 

4.16 Calculated Wadi Ebra Discharge 110 

4.17 Calculated Wadi Bulbul Discharge 110 

4.18 Calculated Wadi Negida Discharge 110 

4.19 Comparison Between Present and Previous Study for South Dar Fur 116 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

XI 

List of Figures  

Figure Title Page 

1.1 Sudan New Political Map 2 

1.2 locations of study area 4 

1.3 Drainage system of Darfur state 6 

2.1 Drainage Basin Characteristics 11 

2.2 NASA Space Shuttle Endeavour February 11-22, 2000 22 

2.3 Row SRTM Data 23 

2.4 Arc Map, Arc Catalog, and Arc Toolbox Layout 25 

2.5 Vector Data Representation 26 

2.6 Raster Data Grid 26 

2.7 Triangulated Irregular Network (TIN) 27 

2.8 3D Analyst Toolbar 28 

2.9 Arc Hydro Toolbar 28 

3.1 Flow chart of Research General Methodology 34 

3.2 The Developed ArcGIS Analysis and Layers 35 

3.3 SRTMs for Darfur in Arc Map 37 

3.4 Total Dar Fur SRTMs 38 

3.5 Dar Fur SRTM 39 

3.6 Dar Fur Triangle Slope Values 40 

3.7 Dar Fur Fill Sinks 41 

3.8 Dar Fur Flow Direction 42 

3.9 Dar Fur Catchment Grid Delineation 43 

3.10 Dar Fur Catchment Polygon 43 

3.11 Dar Fur Drainage Line(Streams) 44 

3.12 Dar Fur 3D Viewer ArcGIS Scence 47 

3.13 Rain Data Points and Kriging Method 48 

3.14 Dar Fur Discharge Stations 50 

3.15 Wadi Bari, Umm Sineina station, (a) rain, catchment and stream 

length, (b) elevation 

53 

3.16 Wadi Saleh, (a) rain, catchment and stream length, (b) elevation 54 

3.17 Wadi Toro, (a) rain, catchment and stream length, (b) elevation 55 

3.18 Wadi Aribo, (a) rain, catchment and stream length, (b) elevation 56 

3.19 Wadi Dodari, (a) rain, catchment and stream length, (b) 

elevation 

57 

3.20 Wadi Bari, murnei station, (a) rain, catchment and stream 

length, (b) elevation 

58 



 

XII 

3.21 Wadi Bari, kabkabiya station, (a) rain, catchment and stream 

length, (b) elevation 

59 

3.22 Wadi Elserief, kabkabiya station, (a) rain, catchment and stream 

length, (b) elevation 

60 

3.23 Wadi Abu Sunut, Ereigi station, (a) rain, catchment and stream 

length, (b) elevation 

61 

3.24 Wadi Abu Sunut, Tilfou station, (a) rain, catchment and stream 

length, (b) elevation 

62 

3.25 Wadi Abu Sunut, Abu Gidad station, (a) rain, catchment and 

stream length, (b) elevation 

63 

3.26 Wadi beida, beida station, (a) rain, catchment and stream length, 

(b) elevation 

64 

3.27 Wadi beida, um kadada station, (a) rain, catchment and stream 

length, (b) elevation 

65 

3.28 Wadi Kaj, dar elslam station, (a) rain, catchment and stream 

length, (b) elevation 

66 

3.29 Wadi Al ku, dar elslam station, (a) rain, catchment and stream 

length, (b) elevation 

67 

3.30 Wadi El Hammra, El Hammra station, (a) rain, catchment and 

stream length, (b) elevation 

68 

3.31 Wadi Bulbul, Timbskuo station, (a) rain, catchment and stream 

length, (b) elevation 

69 

3.32 Wadi Ebra, Nashala station, (a) rain, catchment and stream 

length, (b) elevation 

70 

3.33 Wadi Sindo, Umm Higara station, (a) rain, catchment and 

stream length, (b) elevation 

71 

3.34 Wadi Tawal, Abu Likalik station, (a) rain, catchment and stream 

length, (b) elevation 

72 

3.35 Wadi Bahr Al Arab, El Higairat station, (a) rain, catchment and 

stream length, (b) elevation 

73 

3.36 Wadi Kaya, Edd Elfursan station, (a) rain, catchment and stream 

length, (b) elevation 

74 

3.37 Wadi Nyala, Nyala station, (a) rain, catchment and stream 

length, (b) elevation 

75 

3.38 Wadi Azum 76 

3.39 Wadi Kaja 77 

3.40 Wadi Beida 79 



 

XIII 

3.41 Wadi Nyala 81 

4.1 Steps using XLSATA tools 84 

4.2 West Darfur regression result 85 

4.3 North Darfur regression result 88 

4.4 South Darfur regression result 91 

4.5 Wadi Azum, (a) Grid ID catchments and streams length, (b) 

values of catchments and streams length 

99 

4.6 Wadi Azum, (a) rain, catchment and stream length, (b) elevation 100 

4.7 Wadi Kaja, (a) Grid ID catchments and streams length, (b) 

values of catchments and streams length 

101 

4.8 Wadi Kaja, (a) rain, catchment and stream length, (b) elevation 102 

4.9 Wadi Alku, (a) Grid ID catchments and streams length, (b) 

values of catchments and streams length 

105 

4.10 Wadi Alku, (a) rain, catchment and stream length, (b) elevation 106 

4.11 Wadi Hawar, (a) Grid ID catchments and streams length, (b) 

values of catchments and streams length 

107 

4.12 Wadi Hawar, (a) rain, catchment and stream length, (b) 

elevation 

108 

4.13 Wadi Nyala, (a) rain, catchment and stream length, (b) elevation 111 

4.14 Wadi Negida, (a) rain, catchment and stream length, (b) 

elevation 

112 

4.15 Wadi Ebra, (a) rain, catchment and stream length, (b) elevation 113 

4.16 Wadi bulbul, (a) rain, catchment and stream length, (b) 

elevation 

114 

4.17 Wadi Kaya, (a) rain, catchment and stream length, (b) elevation 115 

A.1 Wadi Azum 121 

A.2 Wadi Nyala 122 

B.1 Steps of distribution fitting by XLSATA tools 126 

B.2 The result of a best of type distribution fitting vs. measured rain 

fall data 

127 

 



 

XIV 

List of Abbreviations 

Acronym Means 
GIS Geographic Information System 

M.cm Million Cubic Meter 

cms Cubic Meter per Second 

cfs Cubic feet per Second 

Q Discharge 

A Catchment Area 

S Mean Catchment Slope 

L longest flow path 

bo, b1, b2, b3 Regression Model Coefficients 

R Correlation coefficient 

P50 Annual Precipitation for reliability 50% 

SCS Soil Conservation Service model 

USDA United States Department of Agriculture 

CN Curve Number 

DEM Digital Elevation Models 

SRTM Shuttle Radar Topography Mission 

NGA National Geospatial-Intelligence Agency 

NASA National Aeronautics and Space Administration 

SIR-C Space borne Imaging Radar-C 

X-SAR X-band Synthetic Aperture Radar 

3 -D image Three Diminutions image 

N North 

S South 

JPL Jet Propulsion Laboratory 

ESRI Economic and Social Research Institute 

TIN Triangulated Irregular Network 

Fil Fill Sinks 

Fdr Flow Direction 

Fac Flow Accumulation 

Str Stream Definition 

Lnk Stream Segmentation 

𝜎 standard deviation of the data distribution 

μ mean of the data distribution 

P parameter of the distribution 

 

 


