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Preface 
WISE-UP to climate’ is a project that 

demonstrates natural infrastructure as a 

‘nature-based solution’ for climate change 

adaptation and sustainable development. 

This report presents a summary of the 

proceedings of the stakeholder-training 

workshop on the application of Soil and 

Water Assessment Tool (SWAT) for 

modelling hydrological outputs in Tana 

River basin that took place in Nairobi Kenya 

from 13th to 17th February 2017. The 

workshop was hosted by the African 

Collaborative Center for Earth System 

Sciences (ACCESS) and attended by 

stakeholder groups working in the Tana 

River basin. The workshop served both as a 

capacity building and a technical project 

implementation activity where partners and 

potential users WISE-UP end product were 

meant to gain skills on water resources 

modeling and the value of the data collected 

by the individual stakeholder groups within 

the river basin. 

The main goal of this training was to build 

capacity of key stakeholders of the WISE-

UP to climate project in the Tana River 

basin on the climate and hydrological 

modelling techniques using the Soil and 

Water Assessment Tool (SWAT). The 

participants were also trained on the 

preprocessing of the datasets to input in to 

the SWAT model for particular sub-basins 

within the Tana catchment and analysis of 

the SWAT outputs from those specific sub 

basins within the Tana Catchment for the 

period 1979 to 1985. The model 

configuration and validation was carried out 

by International Water Management 

Institute (IWMI) a key partner in the WISE 

UP project who have over the last four years 

worked on the Eco-hydrology of the Tana 

river catchment.  

The SWAT training workshop was 

composed of participants with basic 

knowledge of GIS from various institutions 

namely:- Kenya Electricity Generating 

Company (KENGEN), Ministry of Water & 

Irrigation, Tana and Athi Development 

Authority (TARDA), National Irrigation 

Board (NIB), Kenya Wildlife Service 

(KWS), Water Resources Management 

Authority (WRMA), and Kenya 

Meteorological Department (KMD). 

The SWAT training workshop was preceded 

by a brief official opening ceremony, which 

was presided over Prof. Eric Odada, 

Director, ACCESS. The participants were 
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guided through a brief introduction, 

mentioning their area of expertise, the 

institution they are representing and their 

expectations that led to an outcome mapping 

for the workshop. 

The training comprised of three sessions. 

There were lectures, hands on training and 

individual presentations of lesson learned. 

The first session was dedicated to general 

overview of SWAT Modeling Tool (Arc 

SWAT, as an extension in ArcGIS 

Software), its data input requirements, 

preparation and model setup for Tana River 

Basin in Kenya. This also included display 

of catchment delineation, land use, soil data 

and weather data products, simulations, 

model calibration and validation. The 

second session was on the application of 

ArcSWAT for modeling hydrological 

outputs in Tana River basin using the 

preprocessed data. The inputs to the 

ArcSWAT model included the (DEM), land 

use and soil raster files and climate data on 

daily time steps for the period 01/01/1979 to 

31/12/2014. The final session was dedicated 

to the participants to give their respective 

subbasin output presentations, insights, 

challenges, applications of the SWAT model 

at the work places and future 

recommendations. 

The SWAT which is a physically based 

model proved to be computationally 

efficient tool that can be applied by the 

hydrological community in the watershed 

delineation. It can also be used in the 

analysis of the impacts of land management 

practices on water, agricultural chemical 

yields, sediment in large, complex 

watersheds with varying land use, soil and 

management conditions over long periods of 

time. 

The participants appreciated timely 

organization of the training. They however 

wished that more emphasis were done on the 

data preprocessing since it contained the 

core part of running the SWAT model. They 

also wished that more time could be 

allocated for the whole training since the 

tool was new to them. They further 

promised to share the skills learnt with their 

colleagues at their respective work places 

and requested an establishment of user 

forums and also involvement of stakeholders 

to share the knowledge and pose questions. 

 The training would not have been 

successful without the support of the IWMI 

in the initial data preparation by Tracy 

Baker and Aditya Sood; ACCESS 

secretariat, Institute of Climate Change 
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Adaptation (ICCA) at the University of 

Nairobi. 
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1. Introduction 

The numerous challenges brought about by 

climate change and rational/ sustainable use 

of water resources require a 

multidisciplinary approach to address. A 

fundamental step to adapting to the impacts 

of climate change is the ability to provide 

reliable climate and hydrological data as 

well as the tools and software for analyzing 

the data to support adaptation planning. 

However, the majority of the relevant 

institutions do not have access to reliable 

and robust climate data that are useful for 

supporting adaptation planning. There is 

also the lack of technical capacity within 

most of our institutions to develop and 

manage high-resolution climate scenarios 

and related impacts and vulnerability 

assessment products for adaption planning.  

It has emerged from the recent engagements 

with the key stakeholders of the WISE-UP 

project in the Tana River Basin that there is 

no consensus on which of the climate and 

horological datasets, tools to analyze these 

datasets, and outputs from these tools, offer 

a universally acceptable product for shared 

decision-making, even where similar tools 

(e.g. SWAT model) are used to derive the 

products. The stakeholders also expressed a 

need for capacity building in climate and 

hydrological modelling techniques. 

This training workshop was therefore 

organized as part of capacity development 

for stakeholders of the WISE-UP to climate 

project in the Tana River basin. The 

overarching aim of the WISE-UP to climate 

project is to “Increase adaptive through 

recognition and inclusion of the ecosystem 

services provided by natural infrastructure 

in investment strategies for climate change 

adaptation and through optimization with 

built infrastructure planning and 

development”  

2. Objectives of the workshop 

The overall objective of the SWAT training 

workshop was to enhance the existing 

capacity of stakeholders for the WISE-UP 

project in Tana River basin to develop hydro 

climatic products, based on a common 

understanding of the data issues and 

constraints, to support climate change 

adaptation planning in water sector, using 

the best available data and tools and 

methods.  

The specific objectives/expectations of the 

training was enable the participant 
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understand the basic functions of SWAT 

model, enable them to develop competence 

in data preparation for SWAT model 

application and to be able to generate water 

yields/scenarios using SWAT model. 

3. Workshop Methodology, data 

and tools 

The training workshop focused primarily on 

hands-on training sessions on how to 

preprocess the datasets required in the 

running the ArcSWAT model and the entire 

step by step running process of the model. 

Running SWAT model begins from setting 

up the SWAT project for the specific area of 

study, Watershed Delineation, Hydrological 

Response Units (HRUs) Analysis, Writing 

Input Tables and finally SWAT Simulation. 

The other aspect focused on the analysis and 

visualization of the SWAT outputs. 

Resource persons made power point 

presentations on relevant topics prior to 

hands on training on the application of 

SWAT for modelling hydrological outputs 

with specific reference on in Tana River 

basin. 

The datasets used to run the SWAT model to 

the end for the period 01/01/1971 to 

31/12/2014 for the whole Tana River Basin 

during the hands on exercises were already 

preprocessed and only a theoretical 

presentation on the preprocessing 

procedures as carried out by IWMI was 

made. Later on there were hands on 

exercises on the preprocessing of the 

datasets for the specific sub basins within 

the larger Tana River basin.  

The preprocessing on the ArcGIS platform 

begun with downloading the DEM raster file 

from the Global DEM – GDEM and 

extracting for the individual sub basin. The 

DEM was used for delineation of the 

catchment and definition of the stream 

network. The land use and soil shapefiles 

were downloaded from 

http://www.waterbase.org/download_data.ht

ml. They were clipped to individual sub 

basins, converted to raster files and 

projected to Arc 1960 UTM Zone 37S. All 

the preprocessed datasets together with the 

prepared weather data and the weather 

generator were used to run the SWAT model 

and produce the output in monthly format 

and other necessary reports. 

4. Training output 

By the end of the SWAT training workshop, 

the participants were expected to gain skills 

and knowledge on:- 
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i. Basic functions of the SWAT model 

ii. Data preprocessing for Arc SWAT 

model application 

iii. Generation of water yields/scenarios 

using SWAT model 

iv. Model calibration and validation of 

the SWAT model  

During the official opening, the Director 

ACCESS spoke on the role of water, energy 

and food together in a “nexus” framework 

and underscored management approaches 

that focus on increasing resource use 

efficiencies, which in turn reduce 

environmental pressures and maximize the 

benefits from scarce resources. Here is a full 

extract of Prof. Odada’s speech: 

Distinguished Participants, Dear ACCESS 

Colleagues, Achieving water, energy and 

food security for every Kenyan is one of the 

greatest challenges the Government is facing 

to-day. ACCESS and its consortium partners 

like IUCN recognizes that water, energy and 

food are increasingly interrelated. Therefore 

considering water, energy and food together 

in a “nexus” framework is both necessary 

and forward looking. 

Such an approach focuses on increasing 

resource use efficiencies, which in turn 

reduce environmental pressures and 

maximize the benefits from scarce 

resources. A nexus approach can also 

produce benefits a cross sectors through 

cooperation and can help with identifying 

different interactions between 

interdependent social and environmental 

systems. Despite this, the strong linkages 

between water, energy and food are seldom 

understood and are rarely incorporated in the 

development of county and national water, 

food or energy security strategies. 

The nexus is calling for broad involvement 

of stakeholders to collectively work toward 

sustainable development. The purpose of 

this SWAT Training Workshop, therefore, is 

to help you develop analytical systems 

approaches as pathway or platform to 

accelerate water governance in the Tana 

River Catchment. Its specific aims are to 

help you develop analytical systems 

approaches necessary for building water, 

energy and food management capabilities in 

your various institutions by obtaining 

needed modelling tools, practices and 

policies. In addition, the workshop will also 

help you build management capabilities and 

develop peer relationships across water, 

energy, food and nature conservation within 

the various sectors operating in the Tana 

River Catchment Basin. 
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In conclusion, understanding the nexus is 

needed to develop policies, strategies and 

investments to exploit synergies and 

mitigate trade-offs to meet increasing 

demand without compromising 

sustainability. The nexus perspective thus 

helps to move beyond silos and ivory towers 

that preclude interdisciplinary solutions. It 

opens the eyes for mutually beneficial 

responses and the potential of cooperation. 

We need to think and act interlinked to 

realize direct and indirect synergy potentials. 

It is thus important to incorporate the nexus 

in the County, National and Regional 

planning activities focusing on water, food 

or energy. 

It is now my pleasure and honour to declare 

this SWAT Training workshop officially 

open, and thank you for your kind attention. 

Day 1: General Overview of the 

SWAT model 

5. Hydrological modelling and 

application lectures  

After the official opening of the workshop, 

the participants stated their areas of 

expertise and expectations of the training. 

The first lecture to introduce the training 

was on general overview of the SWAT 

model. 

5.1 General Overview of the Soil and 

Water Assessment Tool (SWAT model 

by Eugene Mwandoe Mnyamwezi, 

Ministry of Water and Irrigation 

SWAT is a wide-ranging model that can be 

applied to predict the impact of land 

management practices on water, sediment 

and agricultural chemical yields in large, 

complex watersheds with varying soils, land 

use and management conditions over long 

periods of time. It requires a diversity of 

information in order to run. Due to its 

variety data requirements, novice users may 

feel a little bit overwhelmed when they first 

begin to use the model. 

There are different types of SWAT models 

that can be downloaded freely from the 

internet. There is the QSWAT that works on 

the QGIS platform and the MWSWAT that 

works on the Map Window interface. The 

QGIS and the Map Window are free 

sources. There is the Arc SWAT that runs 

on the ArcGIS platform. ArcGIS is however 

commercial and therefore limits the usage of 

the Arc SWAT. In this training the ArcGIS 

was provided and therefore Arc SWAT was 

used in the training.  
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Figure 1: GIS interfaces that are compatible 

with SWAT: http://swat.tamu.edu/ 

5.1.1 SWAT data requirements  

To run the SWAT model, there are 

specific datasets with correct format that 

are required. These datasets include: 

Digital Elevation Model (DEM), Land 

Use and Soil. SWAT also requires 

weather data (Precipitation, Temperature 

-- both minimum and maximum, solar, 

wind and relative humidity) on daily 

time steps.  

For simulation, a watershed is 

subdivided into a number of 

homogenous sub basins (HRUs) having 

unique areas in land cover, soil and 

management within the sub basin. The 

loading and movement of runoff, 

sediment, nutrient and pesticide loadings 

to the main channel in each sub basin is 

simulated considering the effects of 

several physical processes that influence 

the hydrology.  

 

Figure 2: SWAT Process Models 

The SWAT user’s manual, version 2000 

(Neitsch et al., 2002) can be downloaded 

from the SWAT website 

http://swat.tamu.edu/documentation/201

2-io and referred to for more details 

about the capabilities of the SWAT 

model. 
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Figure 3: SWAT - Spatial Hierarchy 

5.1.2 SWAT model installation and 

system requirements 

The aim of this session was to help the 

individual participants who brought their 

Personal Computers (PCs) that have genuine 

ArcGIS to install the ArcSWAT that was to 

be used during the training. Those who 

didn’t bring their PCs were helped in 

locating the files and directories of the 

SWAT inputs ready for the hands on 

exercise of running the SWAT model and 

making it easier to navigate around. This 

session was also used to copy the correct 

files to be used during the hands on work to 

the individual PCs and desktops. This 

exercise was aided by the facilitators. 

5.2 Pre-processing Tana Basin Data 

for SWAT model application; DEM, 

LandUse/LandCover Data, Soil data 

and Climate data by Dickens Odeny, 

National Museums, Kenya  

The dataset requirements for running SWAT 

model include:	 Digital  Elevation  Model 

(DEM) data, Land use data, Soil data and 

Weather data. For the preprocessing process 

to be successful and lesser complicated for 

the SWAT model users, the basic 

knowledge and skills in GIS software are 

key. 

The dataset format that is accepted by the 

SWAT is the grid format. Determination of 

the UTM Zone location for the specific 

Watershed is key and for the case of the 

Tana River basin Arc 1960 UTM Zone 37S 

was used. This projection and 

transformation of the coordinate system is 

only successful if the Grid file has a defined 

coordinate system. If this is not the case, 

then definition of the coordinated system is 

necessary to allow the projection and 

transformation process. The projection and 

transformation of the coordinate system is 

necessary for the DEM, 

LandUse/LandCover and Soil grid files. 
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5.2.1 Pre-processing DEM 

Sources of the DEM include, Global DEM – 

GDEM, Global Land Cover Facility, etc., to 

check the spatial reference of the DEM, it is 

imported on the ArcMap viewer.  

5.2.2 Pre-processing soil data 

Sources of Soil Data include, KENSOTER, 

http://www.waterbase.org/download_data.ht

ml etc., The Soil layer attributes can viewed 

by loading the soil later map on the ArcMap 

and oppening the attribute table. This 

session was done through a power point 

presenation and some hands exercises. The 

participants loaded the alredy prepared soil 

data and were able to view the soil layer 

attributes for the Tana River basin. For the 

soil layer to be used in the SWAT model it 

has to be in grid format. 

A look up table for the soil dataset is created 

by exploring the soil data for the watershed 

(Tana River Basin and FAO/Global soil 

data. A new attribute (Character- text) to the 

soil layer of the watershed is added and 

assigned values to each soil texture. 

  

 

Figure 4: Soil Layer Attributes 
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Figure 5: Visualizing the spatial distribution of Soil 

5.2.3 Pre-processing of landuse data 

Sources of Landuse Data/Layer are Satellite images – classification, World Resource Institute 

(WRI), FAO, Local Institutions, etc. 

 

Figure 6: Watershed soil data and FAO/ Global soil data 
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Figure 7: Checking LandUse attributes  

The landuse classes for the watershed need to match with the SWAT landUse codes and a lookup 

table prepared.  

 

Figure 8: Matching the watershed landuse classes with SWAT landuse codes 



10 
 

 

Figure 9: Creating Subset and Conversion of formats 

5.2.4 Creating Subset and Conversion of formats  

With a larger DEM raster file and larger soil and landuse maps, it is necessary to create a subset 

of these files and convert them in to grid formats. This is done through clipping/ masking to the 

extent of working area. 

5.2.5 Pre-processing of weather data 

The weather data that is used in running the SWAT model are Temperature (degree C), 

Precipitation (mm/day), Wind speed (m/s), Solar radiation (MJ/m) and Relative 

humidity (fractional). In creating the text files of the weather location/ station information, 

correct georeferencing of the location of the weather station is necessary with the required 

formatting. 
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Figure 10: Creating text file of weather location/station information 

Day 2: ArcSWAT 

6.1 Introduction to ArcSWAT by Dr. 

Alfred Opere: Department of 

Meteorology, University of Nairobi 

The ArcSWAT ArcGIS extension is a 

graphical user interface for the SWAT 

model. This extension evolved from the 

AVSWAT2000 an ArcView extension 

developed for an earlier version of SWAT. 

The interface requires the designation of 

various datasets as well as the simulation 

period in order to ensure a successful 

simulation. 

6.1.1 User Support  

ArcSWAT interface is public domain 

software. SWAT user website, discussion 

forums and several user groups provide the 

support to the use of this tool. Links to 

SWAT related user sites include: 

• For SWAT user web site the link is: 

http://www.btc.tamus.edu/swat/  

• For SWAT forums and User Groups 

the link is: 

http://www.btc.tamus.edu/swat/userf

orums.html 

• ArcSWAT Google user group: 

http://groups.google.com/group/ArcS

WAT 
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• ArcSWAT user web site: 

http://www.btc.tamus.edu/swat/ArcS

WAT.html 

6.1.2 Key ArcSWAT Procedures  

• Select the ArcSWAT extension 

• Delineate the watershed  

• Define the HRUs 

• Edit the SWAT databases, this is 

however optional 

• Define the weather data 

• Apply the default input file writer 

• Edit the default input files (Optional) 

• Setup the SWAT Run, this requires 

specification of simulation period. 

PET calculation method e.t.c., and 

run SWAT 

• Apply a calibration tool (Optional) 

• Analyze the SWAT output 

6.1.3 Getting Started with ArcSWAT 

The ArcSWAT interface is started by 

opening an empty document of ArcMap and 

clicking on the tools menu and then 

extensions. The spatial Analyst, SWAT 

project Manager and SWAT watershed 

Delineator need to enabled for ArcSWAT to 

run. 

6.1.4 ArcSWAT Toolbar Items 

This was a theoretical session to introduce 

the participants to the functionality of the 

different menus available from the 

ArcSWAT Toolbar. 

The menus include:  

Ø SWAT project setup menu, this 

contains items that control the setup 

and management of SWAT projects.  

Ø Then there is the Watershed 

Delineator menu which contains all 

the commands required to perform 

subasin delineation and evaluate the 

results.  

Ø The other menu is the HRU Analysis 

Menu which contains all the 

commands that perform the land use, 

soils and slope analysis used to 

generate SWAT HRUs.  

Ø The Write Input Tables Menu 

contains commands which generate 

the ArcSWAT geodatabase files used 

by the interface to store input values 

for the SWAT model.  

Ø There is also the Edit SWAT input 

Menu which allows the user to edit 

the SWT model databases and the 

watershed database files containing 
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the current inputs for the SWAT 

model. 

Ø Finally, the SWAT Simulation Menu 

allows the user to run the SWAT 

model and perform sensitivity 

analysis and calibration.  

 

Figure 11: Enabling the Extensions necessary 

for ArcSWAT to Run 

 

Figure 12: ArcSWAT Toolbar 

 

Figure 13: The Watershed Delineator Menu 

6.2 Practical session I: Setting Up new 

SWAT project and Watershed 

Delineation Using ArcSWAT by Purity 

Mueni: Department of Meteorology, 

University of Nairobi 

The hands-on exercises followed 

immediately after the lecture on the 

introduction to ArcSWAT and the 

functionality of its menus. This session 

began with setting up new SWAT project 

for the Tana River basin. The participants 

were guided through the use of SWAT 

Project Setup menu (See Manual) to set up 

their individual SWAT projects. Using the 

already preprocessed DEM for the Tana 

River Basin, the participants were then 

guided through the use of Watershed 

Delineator Menu (See Manual). The process 

of delineation helps the user in segmenting 

watersheds into several hydrologically 

connected sub-watersheds for use in 

modelling the watershed using SWAT. The 

watershed delineation process resulted to 29 

sub basins. The watershed had a minimum 

elevation of 2 Meters, maximum elevation 

of 4875 Meters, mean elevation of 589.24 

meters and standard deviation of 578.73 

meters. 
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Figure 14: Delineated Watershed and derived 

stream network in Tana River Basin 

6.3 Practical Session II: Hands on 

Exercises in HRU Analysis by Purity 

Mueni: Department of Meteorology, 

University of Nairobi 

The HRU Analysis menu on the ArcSWAT 

toolbar aids in the characterization of land 

use, soil and slope for a particular. The user 

is in a position to load land use and soil 

layers in to the current project which has 

already been delineated. Under the HRU 

Analysis menu, the user is also able to 

evaluate slope characteristics, and determine 

the land use/soil/slope class combinations 

and distributions for the delineated 

watershed. 

Using the preprocessed land use and soil 

data, the participants were guided through 

the use of the HRU analysis menu (See 

manual). They were able to do the land use, 

soils and slope definition. A detailed report 

that describes the land use, soil and slope 

class distribution within the Tana River 

basin and within the 29 subbasins was added 

to the current project. The land use, soils and 

slope definition resulted to a watershed with 

an area of 9330968.5426 ha with detailed 

information of the land use, soils and slope 

distribution. Once the land use, soil and 

slope were overlaid, the participants were 

able to specify the criteria to use in 

determination of HRU distribution.  

  

Figure 15: Reclassified Land Use Map in 

Tana River Basin 
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In this session, the participants used the 

multiple HRUs option to determine the HRU 

distribution. 10 percentage thresholds for the 

land use, soil and slope were used and this 

resulted to 493 HRUs and a detailed report 

of the number of HRUs within each of the 

29 subasins and the distribution of landuse, 

soils and slope with the each subbasin and 

the HRUs.  

  

Figure 16: Reclassified soils grid theme in 

Tana River Basin 

 

Figure 17: Layer of the units with unique 

combination of landuse, soil and slope within 

each subbasin in Tana River Basin 

6.4 Elaboration on Catchment 

Delineation and HRU Reports by Eugene 

Mwandoe Mnyamwezi, Ministry of 

Water and Irrigation 

One or more unique land use/soil/slope 

combinations (HRUs) can be created for 

each subbasin. The subdivision of the 

watershed in to areas having unique land 

use, soil and slope combinations is 

necessary to enable the SWAT model to 

reflect differences in evapotranspiration and 

other hydrologic conditions for different 

land covers/crop and soils.  
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Figure 18: LandUseSoils Report for Tana River Basin 
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Figure 19: HRULandUseSoils Report for Subbasin #1 in Tana River Basin  

Within the 29 subbasins, runoff is predicted 

separately for each HRU. This is eventually 

routed to obtain the total runoff for the 

whole Tana River Basin. The accuracy of 

load predictions is increased and this also 

provides a much better physical description 

of the water balance. The LandUseSoils 

report indicates that the Tana watershed had 

an area of 9330968.5426 ha. It also shows 

the percentage distribution of landuse, soils 

and slope in comparison with the whole 

watershed. The report shows the area of 

each subbasin in comparison with the whole 

watershed and the distribution of land use, 

soils and slope within each subasin.  

HRULandUseSoils report on the other hand 

indicates the number of HRUs in the Tana 



18 
 

River Basin. 493 HRUs were generated. 

This report also gives a detailed description 

of the distribution of these HRUs in to the 

29 subbasins within the Tana River Basin 

and the distribution of the land use, soils and 

the slope after the overlay process. 

Day 3: ArcSWAT: Loading Climate 

Data into the Tana River Basin 

Project 

7.1 Practical session III: Hands on 

Exercises in Writing Input Tables 

(Loading the Climate Data) by Dickens 

Odeny, National Museums, Kenya  

With a quick reminder on the required 

climate data to be used in running the 

SWAT model and how it is prepared; the 

participants were introduced to the use of 

the Write Input Tables menu on the 

ArcSWAT toolbar. Using the already 

prepared data for the Tana River Basin, the 

participants were able to define the weather 

data for the watershed simulation by loading 

all the available data and specifying the 

weather to be used to generate various 

weather parameters (see manual). In this 

exercise WGEN_User option was used. 

After the loading of the climate data 

(Rainfall, Temperature, Wind speed, solar 

radiation and Relative Humidity data) was 

successful, the participants then were able to 

use the Write SWAT Input Tables menu 

under the main Write input tables. This 

process was successful to most of the 

participants.  

 

 

Figure 20: Building selected Tables 

7.2 Practical session IV: Hands on 

Exercises in SWAT Simulation by 

Dickens Odeny, National Museums, 

Kenya  

The SWAT simulation session followed for 

the majority who were able to write the 

SWAT input tables. Most of the participants 

were successful in writing the SWAT input 

tables and therefore were introduced to the 

use of the SWAT Simulation menu on the 

ArcSWAT toolbar. This menu allows the 
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user to finalize the setup of the input for the 

SWAT model and eventually run the model, 

read SWAT output and do a manual 

calibration. The period of simulation was set 

to be 1/1/1979 for the starting date and 

7/13/2014 for the ending date and the 

printout settings were set to be monthly (See 

Manual). There were 36 number of years in 

run and the area of the watershed was 

produced in Kilometers (93399.688 km2).  

The SWAT output text files can be imported 

to an access database. The output can also 

be exported to excel and analyzed depending 

the user’s objectives or the user can 

download the SWATPlot tool freely 

available online and use it to analyze the 

SWAT output. The average monthly basin 

values were exported to excel and plotted 

(Figure 22) 

 

Figure 21: The average monthly Tana River 
basin values 

7.3 Setting up group and individual 

works for Tana Basins by Dr. Alfred 

Opere: Department of Meteorology, 

University of Nairobi 

The participants were issued with the 

specific sub basins to work on during this 

session. There were some who worked 

individually and some worked as a group. 

To run the SWAT model for their individual 

subbasins, they were required to preprocess 

the DEM, landUse and soil data.  
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Figure 22: Output.std report for 1979 and 1980 for the Tana River Basin  
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7.4 Group and individual work: 

Hands on exercises on pre-processing 

the pilot Tana basins’ input data for 

SWAT model application (DEM, 

landuse/landcover data, soil data and 

climate data) 

This session was steered by all the 

facilitators. It started from downloading the 

map, extracting by mask using the subbasin 

shapefile for the DEM and then performing 

coordinate projection and transformation. 

For the Land use and soils, the participants 

were required to clip the land use and soil 

layer using the subbasin shapefile and 

performing the coordinate transformation 

and projection and later converting them 

into raster files. The participants used the 

already prepared climate data to define the 

weather data for the SWAT simulation.  

Day 4: SWAT modelling for the 
Pilot Tana basins (Catchment 
delineation and HRU analysis)  

8.1: Group and individual Work: Hands 
on Catchment Delineation for the pilot 
basins 

This session was facilitated by all the 

trainers. The individuals and the groups used 

their prepared DEM to delineate their 

catchment. Various results were produced. 

Some are shown in figures below. 

 

 

Figure 23: Delineated Catchment for two 
different subbasins within the Tana River 
basin from different participants  

8.2 SWAT Database Management: 
Dickens Odeny, National Museums, 
Kenya 

This session started with a quick reminder of 

how the climate data is prepared in order to 

be used in the SWAT model. The Weather 

Generator (WGEN) and the process of 

calculating the parameters in the weather 

generator was then introduced. WGEN input 

file contains the statistical data needed to 

generate representative daily climate data 
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for the subbasins. At least 20 years of 

records are used to calculate parameters in 

.wgn file. 

8.2.1 Temperature Variables 

• TMPMX – is the average or mean 

daily maximum air temperature for 

month (0C).  

• TMPMX value is calculated by 

summing the maximum air 

temperature for every day in the 

month for all years of record and 

dividing by the month for all years of 

record and dividing by the number of 

days summed.  

• TMPMN – is the average or mean 

daily minimum air temperature for 

month (0C) (January, December).  

• TMPMN value is calculated by 

summing the minimum air 

temperature for every day in the 

month for all years of record and 

dividing by the number of days 

summed 

• TMPSTDMX – This is the Standard 

Deviation for daily maximum air 

temperature in month (0C) (January, 

December).  

• TMPSTDMX quantifies the 

variability in maximum temperature 

for each month (January, December) 

• TMPSTDMN – This is a Standard 
Deviation for daily minimum air 
temperature in month (0C) 

• TMPSTDMN is a parameter that 
quantifies the variability in minimum 
temperature for each month (January 
to December) 

8.2.2 Precipitation Variables 

• PCPMM – The average or mean total 

monthly precipitation (mm H20).  

• PCPSTD – Is the Standard Deviation 

for daily precipitation in month (mm 

H20/day) (January to December). 

PCPSTD quantifies the variability in 

precipitation for each month. 

• PCPSKW – Is the Skew coefficient 

for daily precipitation in month 

(January to December). PCPSKW 

quantifies the symmetry of the 

precipitation about the monthly 

mean. 

• PR_W1 – Is the probability of a wet 

day following a dry day (January, 

December) 

• Wet day followed dry day/Dry day 

• PR_W2 – Is the probability of a wet 

day following a wet day in the month 

(January, December). Wet day 

followed dry day/Wet day 

• PCPD – Is the average number of 

days of precipitation in month 



23 
 

(January, December). The number of 

wet days in month/number of years 

of record 

• RAINHHMX – Is the maximum 0.5 

hour rainfall in entire period of 

record for month (mm H2O) 

(January, December). 

RAINHHMAX value represents the 

most extreme 30-minute rainfall 

intensity recorded in the entire 

period of record. Use 1/3 of max 

daily rainfall of a month (for rainy 

season) if hourly data is absent 

8.2.3 Other Weather Data and 
Variables 

• SOLARAV – Is the daily solar 

radiation for month (MJ/m2/day) 

(January, December). Sum of the 

total solar radiation for every day in 

the month for all years of record and 

dividing by the number of days 

summed 

• DEWPT – Is the average daily dew 

point temperature for each month 

(0C) or relative humidity (fraction) 

can be input (January, December). 

Dew point is converted to relative 

humidity using equation 1:3.5.1 and 

1:3.5.2 in the Theoretical 

Documentation.  

• WNDAV – Is the average daily wind 

speed in month (m/s) (January, 

December). The average wind speed 

for day in month 

8.3 Group and individual Work: 
Hands on: HRU Analysis for the pilot 
basins 

This session which was guided through by 

all the facilitators involved the use of the 

preprocessed land use and soil data for the 

specific subbasins by the group and 

individuals. This resulted to the various 

outcomes as shown below. 
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Figure 24: Reclassified Land Use Map and 
soil grid theme for different pilot basins 
within the Tana River Basin  

Day 5: SWAT Modelling for the 

Pilot Tana basins (Writing Input 

Tables and SWAT simulation) 

9.1 Writing Input Tables and SWAT 
simulation 

This session involved the use of the 

WGEN_User option and the already 

preprocessed climate data. It was guided 

through by all the facilitators. It was 

successful to most of the individuals and 

groups. After all the tables had been created, 

the participants were in a position to run the 

SWAT from the period 01/01/1979 to 

31/12/1985. Below are some of the results. 
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Figure 25: Output report for 1979 from SWAT simulation of one of the pilot basin within the Tana 
River Basin  

 

Figure 26: The Hydrology of one of the Pilot basin within the Tana River Basin using SWATCheck 
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9.2 Model Calibration and Validation: 

Hands on calibration and validation of 

the SWAT for pilot basins by Dickens 

Odeny, National Museums, Kenya 

9.2.1 SWAT Model Calibration 

This session was partly theoretical and 

hands on work. The manual calibration was 

active and was used to elaborate how the 

calibration process is done. SWATCup tool 

that is freely available on online can also be 

used in the calibration process was also 

introduced to the participants.  

SWAT model calibration is the 

parameterization of a model to a given set of 

local conditions, thereby reducing the 

prediction uncertainty. It is performed by 

carefully selecting values for model input 

parameters (within their respective 

uncertainty ranges) by comparing model 

predictions (output) for a given set of 

assumed conditions with observed data for 

the same conditions. Below are some of the 

parameters that can be adjusted in the 

calibration process 

• CN2 – Curve Number of Moisture 

Condition II 

• AWC – Available Water Capacity 

• ESCO – Soil Evaporation 

Compensation Factor 

• EPCO – Plant Uptake Compensation 

Factor 

• SURLAG – Surface Runoff Lag 

Coefficient  

• OV_N – Manning’s “n” Value for 

Overland Flow 

9.2.2 SWAT Model Validation 

Model Validation involves running a model 

using parameters that were determined 

during the calibration process, and 

comparing the predictions to observed data 

not used in the calibration. Validation 

process demonstrates that a given site-

specific model is capable of making 

sufficiently accurate simulations, although 

“sufficiently accurate” can vary based on 

project goals. 

9.2.3 Sensitivity Analysis 

It is the process of determining the rate of 

change in model output with respect to 

changes in model inputs (parameters). 

Identification of parameters and parameter 

precision is required.  

• Two types of sensitivity 

SENSITIVITY ANALYSIS can be 

performed to provide insight into the 
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sensitivity of the parameters and are 

necessary steps in model calibration: 

o  Local Sensitivity Analysis: 

performed by changing 

values of parameter one at a 

time 

o Global Sensitivity Analysis: 

performed by allowing all 

parameter values to change 

• The two types of sensitivity analyses 

may lead to two different results. 

Sensitivity of one parameter often 

depends on the value of other related 

parameters. Global sensitivity 

analysis; however requires a large 

number of simulations.  

9.3 Individual and Group 

Presentations and Brainstorming: 

Discussions on data needs, limitations 

and applications of the SWAT 

In this session the participants presented 

some of their respective subbasin output, 

insights, challenges, applications of the 

SWAT model at the work places and future 

recommendations. 

9.3.1 Challenges and recommendations  

• Some felt the process of preparing 

the inputs files (DEM, Landuse, soils 

and climate) was the most important 

part of the training and 

recommended that in future it be 

given more weight.  

• Prior knowledge of GIS was key for 

one to benefit from the SWAT 

modelling and application workshop. 

• Since SWAT requires daily 

continuous climate data, it may be a 

bigger challenge if one is interested 

in modelling certain catchments 

which lack continuous observed 

data. 

• Some participants thought that 

SWAT is very temperamental and 

requires careful operations and 

correctly prepared data. 

• To participants the SWAT model 

was a new tool to them and it 

involved a lot of maneuverability. 

They felt that the time allocated for 

the workshop was not enough to 

comfortably say they have learned 

all the processes. A two week SWAT 

workshop would be better. 
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9.3.2 Applications of the SWAT model at 
the work places 

• During the participants’ presentation 

session, they mentioned instances 

they felt SWAT can be applied in 

their work places.  

• SWAT can used understanding the 

catchment characteristics upstream 

of hydropower reservoirs and 

formulation of catchment 

management strategies to check 

sedimentation challenges 

• It can be applied in evaluating the 

influence of land use/land cover 

changes on flooding and estimation 

of sediment load being shed by the 

catchment into dams/reservoirs. 

• This is a powerful tool to inform 

policy makers on catchment 

resources management and can be 

used in evaluating impacts of 

WRUA interventions on their sub-

catchments. 

• SWAT can be applied in Bio 

physical modeling of the region 

under TARDA, analyzing impacts of 

investments and in assessing the 

economic benefits based on the 

outputs. 

• Getting spatial units in relative and 

absolute changes in the hydrological 

response eg the sediment load, 

erosion runoff influenced by slope 

landuse and soil. 

• SWAT will help in knowing how 

much fertile, water retaining soils 

can be saved to increase 

productivity. 

• SWAT will also be applied to know 

which type of crop to be grown in an 

area after analyzing the soils water 

and the weather in an area.  
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09.00 – 
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Basins’Input Data for SWAT Model 
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Mwandoe/Odeny/Opere/Mueni 
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Pre-Processing the Pilot Tana 
Basins’Input Data for SWAT Model 
Application (DEM, LandUse/LandCover 
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02.00 – 
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02.00 – 
03.30 

Model Calibration and Validation: Hands 
on calibration and validation of the 
SWAT for pilot basins  

Dickens Odeny 

03.30 – 04.00 HEALTH BREAK  

04.00 – 
05.00 
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• Application of SWAT skills in 
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Dr. Alfred Opere 
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 Annex III: Workshop in Pictures 

 

Participants during typical working sessions and health break 

 

ACCESS Director, Prof. Eric Odada, opening the workshop 


