TABLE OF CONTENTS

1

1.1
1.2
1.3
1.4
1.5

2

2.1
2.2
23
24
2.5
2.6
2.7

3

3.1
3.2

3.3

3.4

4.1

4.2

INTRODUCTION ..ottt sttt nee e 1
Importance of 01l data ........c.cceoviieiiieeiieeee e 3
Source and spatial variability of soil properties ...........cceeveveveerieniienieeneeennen. 4
Estimating soil parameters using environmental correlation............................ 5
Estimation of saturated hydraulic conductivity .........ccccceevviierieniienieniieenne, 7
(00 <7015 A LTSRS 10

STUDY AREA ...ttt ettt et sa et enneenaens 12
Geomorphology, relief and drainage ...........ccceeceeveiieiiiniiniiiincccecs 14
(€10 (o] o PP 14
SOLLS et ettt et ne 16
Hydrology and water SUPPLY.....cccueeeiiiieiiieeiiieceeeee e 17
CIIMALR. ...ttt ettt ettt e bt e et e e bt e et e e bt e enbeesneesaseas 18
Vegetation and 1and USE..........coecviiiiiiiiiiiiiiieee e 19
S0Cial CONAILIONS......eeiiiieiiiiiiieiie et 21

MATERIALS AND METHODS .......ooiioieieeceeee e 24
TTaNSECES CIEALION ......eiviieiieeiieiie ettt ettt ettt et e ettt e et e et eenbeeseeesaneas 24
Soil sampling and analysiS.........ccccueeeiiieriiieiiiiecie e 26

32,1 SOOI PH e 26

3.2.2  Soil cation exchange capacity (CEC) ......cccceeeviiieiiieeiieeieeeieeeiee e 27

3.2.3  S0il Organic CarbOM ......ccuiriiriiiieriieieetcet e 28

3.2.4  Particle size distribution: The hydrometer method..............cccceeenennne 29

32,5 BUulK density ...cccooiiiiiiiiiiieiee e 29

3.2.6  Saturated hydraulic conductivity .........cccccovveieriiiieniiieeiieeieeeeeee e 30
Environmental variable (terrain attributes) generation............ccceeeeeevueeneenne. 31

3.3.1  DEM GENETAtION.......iiiiiiiieiiiieeciiieeiee et e eve e eeeesteeeereeenree e e e eneees 33

3.3.2  Terrain attribute SENeration ............ccceeeeeveerieneerienieneeieneeneeee e 34
Statistical MEthOdS ........cocuiiiiiiiii e 35

3.4.1  DeSCrIPtiVe StAtISTICS c..vevreruieieriieniieieeit ettt 35

3.4.2  Data preparation and transformation ............ccccceeevveeniiieniieencieeeiee e, 35

3.4.3  Correlation analySis ......cccceceereerieriinieiiinierieeeeeee e 36

3.4.4  Semivariogram analysis and interpolation............ccceeeevveerieeerieeerieeennee. 37

3.4.5  Statistical COMPATISON ......ooueiiiriiiriiiieniieie ettt 38

SOIL PROPERTIES, TERRAIN ATTRIBUTES AND THEIR SPATIAL

DISTRIBUTION ...ttt ettt ettt 40
General characteristics Of SOIl Properties.........occueevveerieeiiierieeiieeieeieeeeeeneen 40

4.1.1  Soil properties at the Tamale Site..........ccceeevvieeiiieeiiieeiieeie e 41

4.1.2  Soil properties at the Ejura Site.........c.ccceeveiieiieniieniieniieieeie e 45

4.1.3  Comparison of soil data from Tamale and Ejura..............ccccoeeviinnnnn. 48

4.1.4  Combined soil data from Tamale and Ejura..........cccccocoeviiinininnennn. 48
Characteristics of terrain attributes at Tamale and Ejura sites ....................... 50

4.2.1  Spatial distribution of terrain attributes: Tamale pilot site ..................... 52



4.2.2  Spatial distribution of terrain attributes: Ejura pilot site............c...c........ 55
4.2.3  Comparison of terrain attributes distribution at the Tamale and Ejura

SIEES ettt ettt ettt ettt et et ettt ettt et e bt eateeebaeeean 59
4.3 Spatial distribution of SOil PrOPerties. .........covevuerierierieriiniicrieeceeeee 60
4.3.1  Spatial interpolation of SOil Properties.........ccceeevveercvieeriiieeriieerieeeieenne 60
4.3.2  Spatial distribution of soil properties: Tamale pilot site...........cc.ccceeneene 62
4.3.3  Spatial distribution of soil properties: Ejura pilot site............ccccveevuneenne. 66
4.3.4  Comparison of spatial distribution of soil properties at Tamale and Ejura
STEES et ettt ettt ettt et e b e a ettt e bt e et e e b e sateenaeeea 70
4.4 Spatial correlation of K with soil and terrain parameters...........ccccceeevennee 71
4.5 CONCIUSION ...ttt st as 76
SPATIAL DISTRIBUTION OF SOIL TYPES AND LAND USE TYPES, AND
THEIR RELATION TO SOIL PROPERTIES.........cccooiiiiiieeieeeeeee e 77
5.1 Spatial distribution of SOl tYPES .....ccccviieiiiieiiieeciieeee e 77
5.1.1  Methods of soil identification and MapPINg .........ccceeeveerereevieenrerirreninnnns 77
5.1.2  Spatial distribution of soil types at the Tamale site...........ccccecveeennnnnne. 79
5.1.3  Spatial distribution of soil types at the Ejura site ...........cccccvevviiciiennnns 87
5.1.4  Comparison of distribution of soil types at the Tamale and Ejura sites . 94
5.2 Distribution of soil properties for different soil types .........ccccevvevveveriennnnne. 95

5.2.1  Comparison of soil properties for different soil types at the Tamale site95
5.2.2  Comparison of soil properties for different soil types at the Ejura site.. 99
5.2.3  Comparison of variation in soil properties for different soil types at the

Tamale and Ejura SiteS..........cocueeviieriieiiieiieeiiesiie e 102

53 Land use type (LUT) .oocoiiieeiieeeeeeee ettt 102
5.3.1 Distribution of soil properties for different land use types .........c.c..cue...... 106
54 CONCIUSION ...ttt et 110

RELATIONSHIP BETWEEN SATURATED HYDRAULIC CONDUCTIVITY
AND SOIL PROPERTIES, SOIL TYPE, LAND USE TYPE AND TERRAIN

PARAMETERS ...ttt ettt 112
6.1 Method Of analySIS......ccoouviiiiiiiiiiieecie et 112
6.2 Stepwise multiple regression (SMR) analysis........ccccoeevveriieiiienieeniienneennen. 114
6.3 Generalized Linear Model (GLM) analysis.........cccccveevciieeriiieeniieeciee e 117
0.4 CONCIUSION ...ttt st 121
EVALUATION OF PEDO-TRANSFER FUNCTIONS.......cccceiiiiiienieienene 122
7.1 Saturated hydraulic conduCtiVIty ........c.eeevuiieiiiiieniiieiie e 123
7.2 Pedo-Transfer Functions (PTFS).......ccccciiiiiiiiiiiiiiiieieeeeee e 124
7.2.1  Review of selected PTFs analysis........cccccccvveeviieiniieeniieeieeeiieeeeeee 125
7.3 PTFs models and estimation error for saturated hydraulic conductivity...... 126
7.3.1  Methods of comparing models and estimating model errors................ 130
7.4  Performance of different PTFS .........cocooiiiiiiiiiiee e 131
7.4.1  Overall model fit........oooiiiiiiiiiii e 131
7.4.2  Model comparison for different soil textural classes..........c.cccoceevuenneee 134
7.4.3  Comparison of estimation error for different PTFs...........ccccocveeeninn. 136

7.5 General discussion of Pedo-Transfer Functions (PTFSs).........cccccoeeviieenee. 138



8 ARTIFICIAL NEURAL NETWORK (ANN) ESTIMATION OF SATURATED
HYDRAULIC CONDUCTIVITY ettt 140
8.1 OVErVIEW OF ANN ...oouiiiiiiiiie ettt 140
8.1.1  Principles 0f ANN ....coiiiiiiiiiiiii e 141
8.1.2  Data size, conditions and performance of ANN .........cccceeevveviiieencnnenns 143
8.1.3  Review of artificial neural network PTFs........c..cccoooviiiiiiiiiiiiiices 144
8.2 ANN ProCedure .......cccooiiiiiiiiiiiiiiiieeeete e 144
8.3 Artificial Neural Network (ANN) model .........ccccoeviiiiiiniiiiiieieeie, 146
8.3.1  ANN sensitivity and data size analysis.........cccceeevveeeiieeniieenciieeeieeens 146
8.3.2  Artificial Neural Network (ANN) modeling with soil and terrain
PATAIMELETS ...eeeeeeiitiee et et e e ettt e e e ettt e e st eeeseabteeeesnnaeeeeennbeeeesenneee 152
8.3.3 Estimating K using ANN .....cccoiiiiiiiiiiiiiiiie e 156
8.4 CONCIUSION ..ttt e 160
9 GENERAL CONCLUSION AND RECOMMENDATIONS.......ccceiiiiieennne 161
9.1 Soil properties, terrain attributes, and their spatial distribution.................... 162
9.2 Spatial distribution of soil types and land use types, and their relation to soil
PTOPEILICS .vveeirieeiiieeeiiieeeitee ettt e ettt e eteeesteeessseeessseeensseeasseeanssaesssseenssaeensseennns 163
9.3 Saturated hydraulic conductivity relationship with soil properties, soil type,
land use type and terrain parameters .........cc.veeecuveeeciieescieeesieeesieeerreeesree e 164
9.4  Pedo-Tansfer Functions (PTFS)......cc.ccccouiiiiiiiiiiiicieceeeeeeeeee e 165
9.5 Artificial neural network (ANN) ....ccviieeiieeiie e e 166
9.6 Summary of conclusion and the way forward ............cccoovvviiiiiniiiiieneen. 166
9.7 Recommendations...........coouiiiieiiiiiieie e 167
REFERENCES ... .ottt ettt ettt et e te e sneeseenneas 169
APPENDICES ...ttt ettt ettt et sbe et 185

ACKNOWLEDGEMENT .....ooiiiiiiiiiiitene ettt 195



