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Lecture 1-1 
Introduction of Hydro-Meteorological 

Observation 

Yukimitsu KOBAYASHI 
JICA Study Team 

Project on Irrigation Scheme Development 
in Central and Eastern Uganda (PISD) 

1 

Objectives 

• To understand the purpose of Hydro-
Meteorological observation and learn basic 
information and function of equipment. 

2 

Table of Contents 

• Back ground 
• Hydrological observation 

– Introduction of equipment 
– Location of equipment 

• Meteorological observation 
– Introduction of equipment 
– Location of equipment 

• Observed data 

3 

Back Ground 

• Atari, Sironko and Namatala were selected as 
sites for F/S 

• Collection of accurate Hydro-Meteorological 
data is required for further study 

Hydrological data of water resource : Automatic 
Water Level Gauge 
Meteorological data nearby the target areas: 
Automatic Weather Station  
Rainfall data within corresponding the watersheds:  
Automatic Rain Gauge 

4 

HYDROLOGICAL OBSERVATION 
 

5 

Installation of  
Automatic water level gauge 

• Namatala and Sironko River 
– MWE have established gauging station in the past 
– Currently, Observer manually record water level 2 times 

a day  
– JST installed Automatic water level gauge in existing 

gauging station on February 2015 
• Atari River 

– There was no facility for water level recording. 
– JST newly constructed gauging station and installed 

Automatic water level gauge on February 2015 

6 
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Introduction of Equipment 
-Automatic water level gauge- 

• Brand: STS Sensor Technik Sirnach AG (Switzerland) 

• Component of the system 
– DL/N 70 (automatic water pressure gauge) with 10m 

PUR cable  

• Observation interval: every 10minutes 
Average water pressure is recorded and water level 

is calculated from observed pressure. 

7 

ghp ρ=
g
ph
ρ

=
p = Hydrostatic pressure (N/m2) 
ρ = Density of water (kg/m3) Constant 
g = Acceleration due to gravity(m/s2) Constant 
h = Water depth (m) 

Location Map of Water level Gauge 

8 

Atari river gauging 
station 

8

Sironko river gauging 
station 

Namatala river 
gauging station 

9 

Atari river 
gauging station 

Namatala river 
gauging station 

Data collection practice 

METEOROLOGICAL OBSERVATION 

10 

Introduction of Equipment 
- Meteorological station- 

• Brand: Onset Computer Corporation (US) 
• Component of the system 

– Data Logger (HOBO Micro station H21-002)  
– Temperature and Relative humidity sensor 

(S-THB-M002) 
– Silicon Pyranometer Sensor (S-LIB M003)  
– Wind speed Sensor (S-WSA-M003)  
– Rain Gauge Sensor (S-RGB-M002) 

• Observation interval: every 10min. (sampling 1min.) 

11 

Data Logger and Sensors 

 

Data Logger 

Silicon Pyranometer Sensor 

Temperature and Relative 
humidity sensor 

Wind speed Sensor 

Rain Gauge Sensor 

12 
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Introduction of Equipment 
- Rain Gauge Station- 

• Brand: Onset Computer Corporation (US) 
• Component of the system 

– Data Logger  
– Tipping bucket 

• Observation interval: 
– Rainfall: every event (every 0.2mm rainfall) 
– Temperature: every 1 hour 

13 

System of Rain Gauge 

 

14 

Selection Criteria for installation of 
Meteorological equipment 

Meteorological station Rain gauge 

Selection 
Criteria 

Located nearby the target 
areas 
Appropriate observation 
environment is ensured 
No theft, and breakage risk 
of equipment 
Easy accessibility 

Located within or nearby 
the watershed of target 
area 
High altitude 
Appropriate observation 
environment is ensured 
No theft, and breakage risk 
of equipment 
Easy accessibility 

15 Governmental land is appropriate for installation of equipment. 

Location Map of Met. Station 

Atari Health Center II 

Bukhalu Health Center III 
Kamonkoli  
Sub-County LGO 

16 

Location Map of Rain Gauge Station  

Bufumbo  
Sub-County LGO 

Kyagalanyi Coffee Ltd 
in Busulani Sub-County 

Kapchorwa District LGO 

17 
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OBSERVED DATA 

19 

Present situation of Observation 

20 

HYDROLOGICAL DATA 

21 

Observed Data 
Namatala River Discharge Data 
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Atari river discharge and Rainfall 

Site Rainfall (mm) Watershed Rainfall (mm) Discharge(m3/sec) 

Comparison of Automatic  
and Daily Manual Observation 
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Namatala River Discharge 

Automartic Recording Manual Recording (AM) Manual Recording (PM) 

Average Discharge 10th May 11th May 12th May 

Automatic 9.23 m3/s 10.00 m3/s 12.84 m3/s 

Manual 11.36 m3/s      4.32 m3/s      9.55 m3/s 

Manual observation 
does not represent 
actual river discharge 

METEOROLOGICAL DATA 

24 
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Observed Data 
Meteorological Data in Kamonkoli S/C 

There is no big difference between Temperature and RH 
throughout the observation period. 

Observed Data 
Comparison of Rainfall Data 

Rainfall in Watershed is higher than that one in target area 

Comparison of Rainfall 

• Weather station was newly installed in Atari Health 
Center II in February 2015 

• Trend of rainfall in Soroti is more similar than that in 
Tororo 

27 

END 
Any questions? 
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Lecture 1-2 
Development of H-Q (rating) Curve 

Yukimitsu KOBAYASHI 
JICA Study Team 

Project on Irrigation Scheme Development 
in Central and Eastern Uganda (PISD) 

1 

Objectives 

• To learn function of H-Q (rating) curve and 
understand how to observe necessary data 
and  generate H-Q curve.  

2 
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Table of Contents 

• What is H-Q curve ? 
• Function of H-Q curve 
• Observation of necessary data 
• Generation of H-Q curve 

– Exercise 

3 

What is H-Q (Rating) curve 

• “Rating curve is a graph of discharge versus 
stage for a given point on a stream, usually at 
gauging stations, where the stream discharge 
is measured across the stream channel with a 
flow meter.” –Wikipedia 
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Water Level at Bridge (m) 

What is H-Q (Rating) curve 

• Generally, contentious observation of River 
discharge is hard compare to observation of 
river water level. 

• H-Q curve have a big influence on amount of 
water resource 
 

Continuous 
Water Level 
Observation 

H-Q Curve 

Continuous 
Water 

Discharge 
Data 

Function of H-Q curve 

• To covert water level to discharge 
 

• When H=1.1 
Q=0.279 

• When H=0.6 
Q=1.02 

H=1.1 H=0.6 

Q=2.79 

Q=1.02 

Q=1.745 (H+0.164)^2 

Observation of necessary data 

• Observation of necessary data to generate H-
Q curve 
– Water level observation (H) 
– Velocity measurement (V) 
– Measurement of Area of Cross section (A) 

http://www.inmtn.com/water_level_monitoring.html 

Water level observation 

• Manual type 
 

• Float type 
 

• Pressure type 
 

• Non-contact type 
 

 Ultrasonic water level sensor 
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Velocity measurement 

• Acoustic Doppler Current Profiler (ADCP) 
• Current meter 

– Rotary type 
– Electromagnetic type 

Velocity measurement 

• Water level : Less than 
1m 

• Water level : more than 
1m 
 

20% depth 
from water 
surface 

80% depth 
from water 
surface 

60% depth 
from water 
surface Current 

meter 

Velocity measurement Velocity measurement 

Measurement of  
Area of Cross section 

• Measurement was conducted every time of 
velocity measurement 

• Pith is adjusted to be less than 1m. 

Pier Pier 

Riverbed 

Bridge 

Measurement of  
Area of Cross section 

 

Tape measure: Measurement of 
river width 

 Surveying pole : Measurement of Depth of river at the 
inside of the river in the dry season.  
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Exercise:2-1 Circulation of cross 
section and river discharge 

• Water level gauge  :1.7m 
• D=Depth, L=Width, V=Velocity 

Pier Pier 

Riverbed 

Bridge 

D1 D2 

D3 

D4 D5 D6 

V1 
V2 V3 

V4-1 V5-1 

V4-2 V5-2 

L=0.9m L L L L 

Exercise:2-1  Tips 

• Area of cross section 1-2(A1-2) : (D1+D2)/2 L 
• Discharge of cross section 1-2 :A1-2 V1 

Pier Pier 

Riverbed 

Bridge 

D1 D2 

D3 

D4 D5 D6 

V1 
V2 V3 

V4-1 V5-1 

V4-2 V5-2 

L=0.9m L L L L 

V1A1-2 
D

VV2A2-3 
D3

VV3A3-4 

D

V4-1

V4-2

A4-5 

V5-1

V5-2

A5-6 

H-Q Curve Equation 
• H-Q curve is generally represented by equation below. 

 
 

– Q:River discharge (m3/s)  
– H: river water level (m) 
– a,b :constants. 

• Constant a and b is obtained by following manner.   
– Plot the square root of river discharge Q and water level h 

as scatter diagram.  
– Linear equation of  √Q=Ah+B  is obtained by the least-

squares method, then constants are obtained follows. 
    a=A2, b=B/A 

 

Exercise:2-2 Generation of H-Q curve 
No. 

Water Level Gauge Observed Discharge 
(m) (m3/s) 

1 1.79 2.909 
2 1.90 3.368 
3 1.93 3.294 
4 2.40 6.116 
5 2.26 4.751 
6 1.48 1.636 
7 2.06 3.612 
8 1.99 3.527 
9 1.95 3.640 

Observation period : observed only ordinary flow in rainy 
season 

0 

0.5 

1 

1.5 

2 

0 0.5 1 1.5 2 

 √
Q

  

Water Level Gauge (m) 

Exercise:2-2 Tips 

• Calculate √Q (=Q^0.5 on Excel) 
 

• Make “scatter chart” 
• Plot X axis: Water Level Gauge 

Plot Y axis:  √Q  
• “Add Trendline” 

Exercise:2-3 Generation of H-Q curve 
No. 

Water Level Gauge Observed Discharge 
(m) (m3/s) 

1 1.79 2.909 
2 1.90 3.368 
3 1.93 3.294 
4 2.40 6.116 
5 2.26 4.751 
6 1.48 1.636 
7 2.06 3.612 
8 1.99 3.527 
9 1.95 3.640 

10 1.25 0.326 
11 1.25 0.335 
12 1.24 0.297 
13 4.12 16.373 

Observation 
in dry season 

Flood data 
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Exercise:2-4 Comparison of H-Q curve 

• Compare H-Q curve Exe.2  with Exe.3 
• Calculate  discharge for each water level by 

using each H-Q curve equation 

END 
Any questions? 
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Lecture 1-3 
Analyses of Observed Data 

Yukimitsu KOBAYASHI 
JICA Study Team 

Project on Irrigation Scheme Development 
in Central and Eastern Uganda (PISD) 

1 

Objectives 

• To understand how to calculate ETo  and to be 
able to calculate ETo by using observed 
Meteorological data thorough CROPWAT. 

2 

Table of Contents 

• Back ground 
• Utilization of observed meteorological data 

– CROPWAT 
 

3 

 

 

 

 

Evapo-Transpiration (ET) 

• ET (mm/day) = Evaporation + Transpiration 
(Required water amount for crop growth) 
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What is ETo 

• Reference crop evapotranspiration (ETo) : 
The evapotranspiration rate from a reference surface, 
not short of water. 

•  The reference surface is a hypothetical grass 
reference crop with specific characteristics. 

What is Kc 

• Crop Coefficient (Kc):Kc is influenced mostly 
by crop type and to a minor extent by climate 
and soil evaporation.  

• the Kc for a given crop varies over the crop 
growing Stages, since ground cover, Crop 
height and leaf area change as the crop 
develops.  
 

Various Kc 

• FAO Irrigation and Drainage Paper No. 56 

What is ETc 

• The crop evapotranspiration (ETc):  
the evapotranspiration from disease-free, well-
fertilized crops, grown in large fields under standard 
conditions. 

• ETc (mm/day) = ETo  Kc 
– ETo : Reference Evapo-Transpiration (mm/day) 
– Kc   : Crop Coefficient 

 

FAO Penman-Monteith method  

ETo : reference evapotranspiration [mm day-1],  
Rn : net radiation at the crop surface [MJ m-2 day-1],  
G : soil heat flux density [MJ m-2 day-1],  
T : mean daily air temperature at 2 m height [ C],  
u2 : wind speed at 2 m height [m s-1],  
es : saturation vapour pressure [kPa],  
ea : actual vapour pressure [kPa], 
es - ea : saturation vapour pressure deficit [kPa],  
Δ : slope vapour pressure curve [kPa C-1],  
γ: psychrometric constant [kPa C-1].   
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What is CROPWAT 

• CROPWAT 8.0 for Windows is a computer 
programme for the calculation of crop water 
requirements and irrigation requirements 
from existing or new climatic and crop data. 
Furthermore, the program allows the 
development of irrigation schedules for 
different management conditions and the 
calculation of scheme water supply for varying 
crop patterns. 
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Main CRPWAT window 

 

Climate / ETo 

• Min and Max Temperature ( C) 
– Average Temperature ( C) 

 

CROPWAT options 

 

Exercise 1 Calculation of ETo  
in Atari site 

• Country: Uganda 
• Station : Atari site Met. Stat. 
• Altitude:  1086 m 
• Latitude: 1.50 (N) 
• Longitude: 34.44 (E) 

 

Exercise 1 Calculation of ETo  
in Atari site 

Atari Health Center II Observed Meteorological Data in 2015-16 

Month 
Hours of 
Sunlight 
(Hour) 

Solar 
Irradiation 

(MJ/m2) 

Max Temp 
(°C) 

Aver. Temp 
(°C) 

Min Temp  
(°C) RH (%) Rain fall 

(mm) 
Wind Speed 

(m/s) 
Gust Speed 

(m/s) 

January 9.2 19.0 33.2 24.8 17.4 63 96 0.7 2.2 
February 9.7 24.1 34.2 24.8 15.5 60 0 0.5 1.9 
March 9.8 23.8 36.0 27.7 18.8 43 56 1.6 4.0 
April 9.3 20.8 30.6 23.1 17.8 78 123 0.7 2.1 
May 9.7 21.7 30.8 23.5 18.2 79 106 0.6 1.9 
June 9.5 20.2 30.7 23.0 18.2 81 161 0.3 1.5 
July 9.9 21.6 31.8 23.5 17.0 71 19 0.5 1.8 
August 10.0 22.8 33.3 24.3 16.6 66 46.2 0.7 2.1 
September 9.8 23.4 33.8 24.2 16.6 68 26.8 0.7 2.1 
October 9.2 21.3 32.8 24.1 18.2 72 101.6 0.7 2.2 
November 9.5 20.6 30.8 23.4 17.9 77 82.2 0.6 2.1 
December 9.7 20.4 31.6 23.7 17.0 73 105.0 0.6 2.0 

Answer 
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Answer 

END 
Any questions? 

18 

Lecture 1-4 
Requirement Water  
& Maintenance Flow 

Yukimitsu KOBAYASHI 
JICA Study Team 

Project on Irrigation Scheme Development 
in Central and Eastern Uganda (PISD) 

1 

Objectives 

• To understand how to calculate crop water 
requirement by using obtained result of 
previous lecture. 

• To learn the purpose of maintenance flow 

2 

Flow of calculation of Crop water 
requirement 

ETo 

Meteorological data 
Temperature 
Humidity 
Sunshine hour 
Wind speed 

FAO Penman-Montieth equation 

Crop coefficient 
Kc 

ETc=ETo Kc 

Irrigation efficiency 
 Ei 

CWR=ETc Ei 

Crop evapo-transpiration  Crop water requirement 

Reference  
Evapo-transpiration 

3 

• ETc (mm/day) = ETo  Kc 
  ETo : Reference Evapo-Transpiration (mm/day) 
  Kc   : Crop Coefficient 

 
Month Apr May Jun July Aug Sep Oct 

ETo (mm/day) 4.7 4.5 4.2 4.4 4.9 5.0 4.9 

Kc (monthly mean) 0.40 0.45 0.90 1.15 1.15 1.15 1.00 

ETc (mm/day) 1.9 2 3.8 5.1 5.6 5.8 4.9 

Example 

Exercise:4-1 Calculation of Crop evapo-
transpiration (Etc) 

4 
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Water source 

Ww 

 
 

Effective Soil Layer 

Farm Wf 

Ws 

Ei = Ec  Ea 

Conveyance Efficiency 
  Ec = Wf / Ww 

95% Pipeline 
80-90% Concrete lining 

70% Earth lining 

Application Efficiency Ea = Ws / Wf 

95% Drip irrigation 
80-90% Sprinkler irrigation 

70% Surface irrigation 
Evaporation 

Seepage 

Irrigation Efficiency (Ei) 

5 

 ETc: Crop Evapo-Transpiration (mm/day) 
 Ei   : Irrigation Efficiency  

Concrete lining + Surface irrigation=0.85 0.70=0.60(60%) 

Exercise:4-2 Calculation of Crop Water 
Requirement (CWR) 

Month Feb Mar Apr May Jun July Aug 

ETc (mm/day) 0.7 1.3 3.5 6.1 7.1 7.2 5.5 

Ei 0.6 

CWR  (mm/day) 1.2 2.2 6 10.2 11.8 12.0 9.2 

CWR (mm/day) = ETc Ei 

Example 

6 

 CWR: Crop Water Requirement (mm/day) 
 A       : Irrigation area(ha)  

IWA=CWR A 10 (m3/day) 

Example: A=1ha 

Irrigation area: A 
1ha=10,000m2 

Exercise:4-3 Calculation of Irrigation 
Water Amount (IWA)  

Month Apr May Jun July Aug Sep Oct 
Number of days 30 31 30 31 31 30 31 
CWR (mm/day) 3.2 3.3 6.3 8.5 9.3 9.7 8.2 

IWA 
m3/day 32 33 63 85 93 97 82 

m3/month 960 1,023 1,890 2,635 2,883 2,910 2,542 

CWR 
(mm/day) 

7 

River maintenance flow 

• Environmental flows :the quality, quantity, and 
timing of water flows required to maintain the 
components, functions, processes, and 
resilience of aquatic ecosystems which 
provide goods and services to people.  
–WB web site 

8 

Function of maintenance flow 

• Biodiversity conservation (including protection of 
natural habitats, protected areas, and national 
parks) 

• Food sources such as fish and invertebrates 
• Removal of wastes through biogeochemical 

processes 
• Recreational opportunities 
• Cultural, aesthetic, and religious benefits. 
• Groundwater recharge 

9 

Categories of environmental flows 
methodologies 

• Hydraulic rating method 
• Habitat simulation method 
• Holistic methods 
• Hydrologic method 

– Hydrologic statistical analysis 
• 1/10 year probability Drought discharge. 

10 
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Hydrologic statistical analysis 

River Maintenance Flow of Sironko river 
  Minimum Discharge in the record : 0.038 m3/s/100km2 

  Minimum Drought discharge in the record : 0.050 m3/s/100km2 

  Ten(10) year probability Drought discharge: 0.064 m3/s/100km2 

“Drought discharge“ is the daily natural discharge that is likely 
to be equaled or exceeded on 355 days in any given year 

11 

Lecture 1-5 
Introduction to  

Water Balance Calculation 

Yukimitsu KOBAYASHI 
JICA Study Team 

Project on Irrigation Scheme Development 
in Central and Eastern Uganda (PISD) 

1 

Objectives 

• To  understand flow and factors of water 
balance calculation for paddy filed. 

2 

Considerable factors 

Water requirement 
• Crop water requirement 

– Land preparation water 
– Percolation 

 

• Domestic water requirement 
• Livestock water requirement 
• Industrial water requirement 

– Water right 

• Environmental water 
– River maintenance flow 

 

Available water resource 

• Effective rain fall 
 
 

• River discharge 
 

3 

Crop water requirement 

• ETc (mm/day) = ETo  Kc 
• Land preparation water 

– Puddling water is determined 10 mm /day for 
15days.  

– Percolation is considered to be 1 mm/day.  
– Management water requirement in the puddling 

period is assumed same as ETc. 
• Crop water requirement  

=ETc + Land preparation water 

4 

Effective Rainfall 

• By using complemented daily rainfall data, 
effective rainfall is calculated in the following 
manner.  
1. A daily rainfall less than 5mm is neglected.  
2. If a daily rainfall exceeds more than 5mm/day 

and less than 80mm/day, 80% of the daily 
rainfall is considered to be effective.  

3. If a daily rainfall exceeds 80 mm/day, the 
effective rainfall is considered to be 64 
mm/day 

5 
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Exercise 5-1:Calculation of Effective 
Rainfall 

Day 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Rain fall 
(mm/day) 

0 2.3 0.4 12.7 1.3 19.1 0 0 0 34.8 0 0 7.3 30.1 8.4 

Effective Rain 
(mm/day) 

0 0 0 10.2 0 15.3 0 0 0 27.8 0 0 5.8 24.1 6.7 

Total of Effective Rainfall (mm/half month)=89.9 

6 

Water balance on the filed level 

Crop water requirement  Effective rainfall 
No need to irrigate 

 
Crop water requirement  Effective rainfall 

Irrigation is needed 
Crop water requirement  Effective rainfall 

Net Irrigation Required water 
Net Irrigation Required water  Irrigation efficiency

 Gross Irrigation Required water 

7 

Type of livestock TLU 
Indigenous Cattle 0.70 
Exotic or cross breeds Cattle 1.00 
Goats 0.15 
Sheep 0.15 
Pig 0.4 
Chicken breeds 0.06 
Source: National Water Resource Assessment Report (MWE 2013) 

Domestic and livestock water 
requirement 

• Life Water Requirement (Domestic water) 
    = Water consumption rate (L/day) Population 
• Water Requirement for Livestock 
 =Tropical Livestock Unit (TLU) Number of Livestock 

– Tropical Livestock Unit (TLU) 
One TLU is equivalent to an animal of 250 kg and the following conversion 
factors are used for animals in sub-Saharan Africa.  

– One TLU consumes 50 l/day  
(Source: National Water Resource  
Assessment Report, MWE, 2013) 

8 

Exercise 5-2: Calculation Domestic and 
livestock water requirement 

Sironko 
TLU 2,156 

Water requirement for livestock (l/day) 107,800 

Area  
Water 

consumption 
rate (L/day) 

Sironko 

Population 
Life water 

requirement 
(L/day) 

Rural   40 10,000 400,000 
Urban  75 0 0 
Total  400,000 

9 

Area Life water requirement 

Sironko 400 m3/day 4.6 l/s 

Project 
area

District 
Name 

(as of July 
2007)

Area of 
District 
(km2)

Number of livestock 
Total TLU

Density of 
TLU 

(TLU/km2) 

Density of 
TLU in 
Project 

area 
(TLU/km2)

TLU in 
Project 

area (TLU)
Indigenou

s Cattle

Exotic or 
cross 

breeds 
Cattle

Goats Sheep Pig Chicken 
breeds

Sironko Bukedea 1,051 85,537 603 54,810 10,010 23,260 215,250 92,421 88 88 2,156

TLU of each livestock (TLU/No.) 0.7 1 0.15 0.15 0.4 0.06 

Source: Number of Livestock - The National Livestock Census Report 2008 (MAAIF 2010) 

River discharge 

• River discharge at proposed intake site is 
calculated from observed discharge data by 
ratio of watershed acreage. 

 
 

Water balance Culiculation 

Water requirement 
• Gross Irrigation Required 

water  Irrigation area 
• Domestic water 

requirement 
• Livestock water 

requirement 
• Industrial water 

requirement 
• Environmental water 

 
 

Available water resource 
• River discharge at intake 

site  
 

11 
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Water balance on the scheme 
• River discharge at intake site  

– Domestic water requirement 
– Livestock water requirement 
– Industrial water requirement 
– Environmental water 

 = Available water amount for Irrigation  

• Gross Irrigation Required water  Irrigation area 
=  Required water amount for Irrigation 
 
Irrigation area was calculated and adjusted to be balance 
Available water amount for Irrigation and Required water 
amount for Irrigation 

12 
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Evapotranspiration (ET)
Rainfall (R)

Topsoil

Subsoil

C
ha

ng
e 

in
 S

to
ra

ge

(d
S)

Horizontal  Percolation

(P1)

Surface Runoff (SR)

Irrigation Water
(IW)

Vertical Percolation Reuse immpossible

(P2b)

Vertical
Percolation

(P2a)

Drainage Canal

Irrigation Canal

(dS) = (Qi) - (Qo) 
     (Qi) = (IW) + (R) 
     (Qo) = (ET) + (P) + (SR) 

(dS) = (IW) + (R) – (ET) – (P) – (SR) 
When the condition of (IW)=0, (R)=0, (SR)=0 
     (dS)  = (ET) + (P1) + (P2)  
              =   Actual Water Requirement     

Basic factors related to the irrigation water requirement had been set 
referring manual of Crop Water Requirements of Irrigation and 
Drainage Paper by FAO and other documents. 

Generally, Penman-Monteith equation is 
applied.
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Ea)(Esaf(u2)
γΔ

γ
L
S

γΔ
Δ  (mm/day) ETo −⋅⋅

+
+⋅

+
=

Average daily Evaporation by month in mm/day 
TORORO 

Met Stn Year Jan Feb Ma
r 

Ap
r 

Ma
y Jun Jul Au

g Sep Oct Nov Dec Annual 

1969 6.0 5.1 5.9 5.7 4.8 5.4 4.3 5.1 5.6 5.8 5.5 6.1 1,987 
1970 6.0 6.1 5.2 6.1 4.5 4.7 4.5 4.1 5.3 4.9 6.3 5.4 1,915 
1971 5.6 6.6 7.5 5.4 4.6 4.6 3.8 4.1 5.0 4.9 5.6 5.3 1,913 
1972 6.2 5.0 6.2 6.0 4.2 4.4 4.0 4.7 5.8 4.9 4.2 4.8 1,842 
1973 5.1 5.7 6.7 5.7 4.8 4.3 3.7 4.0 4.9 5.1 4.2 5.8 1,824 
1974 6.7 7.4 6.8 5.5 4.3 4.6 2.9 4.0 xx 5.3 5.1 5.5 
1975 5.9 7.4 5.1 5.0 4.1 4.2 3.3 3.3 4.1 4.4 5.8 5.1 1,747 
1977 4.8 5.2 5.1 4.5 3.9 4.1 3.5 4.3 5.9 5.9 5.3 7.2 1,815 
1978 7.2 6.3 6.0 4.2 4.6 4.5 4.2 3.9 3.6 4.1 5.0 4.9 1,777 

Average 5.9 6.1 6.1 5.3 4.4 4.5 3.8 4.2 5.0 5.0 5.2 5.6 1,853 

Source; NELSAP/NBI, BRL Ingénierie,  
(April 2012), "Lake Kyoga Basin  
Situational analysis Final version"  

The coefficient is the standard value sorted into 
the group of evapo-transpiration properties. 

 
 

  

    

    

    

    

Period (day)
Kc Item

Value
Kc end

1.05 1.20
Kcini Kc dev Kc mid

0.90

20 3030 40
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Irrigation Efficiency 
Ec; Conveyance efficiency       

Continuous supply with no substantial change in flow 0.9 

Rotational suppIy in projectsof 3,000-7,000ha and 
rotationareas of 70-300ha,with effective management 0.8 

Rotational supply in Iarge schemes(>10,000ha) and small 
schemes(<1,000ha) with respective problematic comrnunication and less effective 
management: 

based on predetermined schedule 0.7 

based on advance request 0.6 

        

Eb; Field canal efficiency       

Blocks larger than 20ha 

 unlined 0.8 

 lined or piped 0.9 

Blocks up to 20ha 

 unlined 0.70 

 lined or piped 0.80 

Ea; Application efficiency       

Surface methods 

 light soils 0.55 

 medium soils 0.70 

 heavy soils 0.60 

 graded border 0.60 - 0.75 

 basin and level border 0.60 - 0.80 

 contour ditch  0.50 - 0.55 

 furrow 0.55 - 0.70 

 corrugation 0.50 - 0.70 

Subsurface up to 0.80 

Sprinkler hot dry climate 0.60 

 mederate climate 0.70 

 

  humid and cool   0.80 
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Water 
Requirement 

Irrigation Efficiency 

Lot-management 
Water Requirement 

Field Unit Water 
Requirement 

Net Water 
Requirement 

Gross Water 
Requirement 

Effective 
Rainfall 

 

 

…minus factor 

Available water source 
within the project area 

Evapotranspiration 

percolation 

Conveyance Loss 

Field Canal 
Efficiency 
Function 

Maintenance Water 

 of Water Requirement

A
E

dQ
P

××=
1

640,8
11

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Evapotranspirati
on (mm) 

5.9 6.1 6.1 5.3 4.4 4.5 3.8 4.2 5.0 5.0 5.2 5.6 

Average Daily Evaporation by Month in mm at Tororo meteorological station 

Assumption 

E - 158



Area Equal Method

Assumption 

A
En

dnqQ ×××
−+

=
1

640,8
1)1(2

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Evapotranspirati
on (mm) 

5.9 6.1 6.1 5.3 4.4 4.5 3.8 4.2 5.0 5.0 5.2 5.6 

Assumption 

How much the Unite Field Water Requirement ? 
How much the Unite Gross Irrigation Requirement ? 

How much the Irrigable Area ? 
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Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Evapotranspirati
on (mm) 

5.9 6.1 6.1 5.3 4.4 4.5 3.8 4.2 5.0 5.0 5.2 5.6 

Assumption 

Q = ( q + (n – 1 ) d ) / 8640 / E x A 
    = (150 + (15 – 1 ) x5.57) / 15 / 8640 / 0.6 x 1000 
    = 2.932 m3/s 

A
En

dnqQ ×××
−+

=
1

640,8
1)1(2

CASE 1st Season 
Irrigable 

Area 
(ha) 

2nd Season Irrigable 
Area (ha) 

Total 
Irrigation 
Area (ha) 

Cropping 
Intensity 

1 End of March 
- 

120 End of June - 330 450 136% 

2 Early April -  570 Early August - 1160 1630 149% 

3 End of April - 480 End of August 
- 

510 990 194% 

4 Early May- 570 Early Sep. - 410 980 172% 

5 End of May 340 End of Sep.- 420 760 181% 

Irrigable Area in various crapping pattern  

A
En

dnqQ ×××
−+

=
1

640,8
1)1(2

A
E

dd
n
qQ ×××++=

1
640,8
1)21(2
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Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Evapotranspirati
on (mm) 

5.9 6.1 6.1 5.3 4.4 4.5 3.8 4.2 5.0 5.0 5.2 5.6 

Average Daily Evaporation by Month in mm at Tororo meteorological station 

Assumption 

Q = d1 / 8640 / Ep x A 
    = (6.1 + 1.0) / 8640 / 0.6 x 1000 
    = 1.370 m3/s 

Assumption 

Q = ( q + (n – 1 ) d ) / 8640 / E x A 
    = (150 + (15 – 1 ) x 7.1) / 15 / 8640 / 0.6 x 1000 
    = 3.207 m3/s 

A
En

dnqQ ×××
−+

=
1

640,8
1)1(2

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Evapotranspirati
on (mm) 

5.9 6.1 6.1 5.3 4.4 4.5 3.8 4.2 5.0 5.0 5.2 5.6 

Assumption 

How much the Unite Field Water Requirement ? 

How much the Unite Gross Irrigation Requirement ? 

How much the Irrigable Area ? 

Unite GIR = (7.0 – 3.18) / 8640 / 0.6 =0.00074 m3/s/ha 
Irrigable Area = 0.865 / 0.00074 = 1,167 → 1,160 ha 
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Atari site 

Condition 

A 0.0 
A1 0.0 
A2 0.0 
Q 0.00 
Qr 0.00 

 

RM-1     
LM-

1 
  

A1 0.0 A1 0.0 
A2 0.0 A2 0.0 
Q 0.000 Q 0.000 

  Qr 0.000 Qr 0.000   
 A1       A1   

A2     A2  
Q1 0.000    Q1 0.000 
Q2 0.000   Q2 0.000 
Qr 0.000   Qr 0.000 

A1 0.0 A1 0.0  
A2 0.0 A2 0.0  
Q 0.000 Q 0.000 

  Qr 0.000 Qr 0.000   
 A1       A1   

A2     A2  
Q1 0.000    Q1 0.000 
Q2 0.000   Q2 0.000 
Qr 0.000   Qr 0.000 

A1 0.0 A1 0.0 
A2 0.0 A2 0.0 
Q 0.000 Q 0.000 

  Qr 0.000 Qr 0.000   
A1       A1  
A2    A2  
Q1 0.000   Q1 0.000 
Q2 0.000  Q2 0.000 
Qr 0.000  Qr 0.000 

A1 0.0 
A2 0.0 

      Q 0.000 
      Qr 0.000   
         A1  
      A2  
      Q1 0.000 
      Q2 0.000 
      Qr 0.000 

  Right Hand Side Left Hand Side 
Total   RS-1 RS-2 RS-3 LS-1 LS-2 LS-2-1 LS-3 

Plot Area          
          
          
          

Total  0 0 0 0 0 0 0 0 
Rate of land 
decrease 94% 0 0 0 0 0 0 0 0 
Rate of Paddy 
Field  90% 90% 90% 90% 90% 60% 60%  
Paddy Acarage ha 0 0 0 0 0 0 0 0 
Upland Field  10% 10% 10% 10% 10% 40% 40%  
Upland Field 
Acarage ha 0 0 0 0 0 0 0 0 

Assumption 

 

  Right Hand Side Left Hand Side 
Total   RS-1 RS-2 RS-3 LS-1 LS-2 LS-2-1 LS-3 

Total  138 160 89 39 126 62 136 750 
Paddy Acarage ha 117 135 76 33 106 35 77 579 
Upland Field 
Acarage ha 12 14 8 3 11 14 31 93 
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A? A=B x h 

B 

h 

Type of 
material 

Velocity 
(m/s) 

Classification Velocity 
(m/s) 

Sandy soil 0.45 Thick concrete (approximately 18 cm) 3.00 
Sandy loam 0.60 Thin concrete (approximately 10 cm) 1.50 
Loam 0.70 Asphalt 1.00 
Clayey 
loam 0.90 Block cavity wall (buttress pier less 

than 30 cm) 1.50 
Clay 1.00 Block mortar masonry 2.50 
Sandy clay 1.20 Reinforced concrete pipe 3.00 

Condition of canal Minimum allowable velocity 
Canal where concerns regarding 
deposition of floating sediment do exist. 0.45 - 0.90 m/s 
Canal where concerns regarding 
overgrowth of water weed do exist. 0.70 m/s 
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Condition 

Case.1 

Case.2 

Case.3 

Case.4 
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200m 

Condition 

Condition 

Is Case1 good?  

Can we take Case4 (Earth canal) ?  

Comparison Case3 and Case3’ 
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6. Training for Design of Irrigation Facility 
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Date : 5-6 May 2016

Day 1 Time Contents Lecturer
~9:30 Confirmation of attendance
9:30 Opening remark Mr. Kobayashi

Outline of the training Mr. Kobayashi
Self-introduction

9:45 Lecture 1-1 Mr. Takemoto
10:30 Coffee break
11:00 Lecture1-2 Mr. Takemoto
12:00 Lecture 1-3 Mr. Takemoto
13:00 Lunch break
14:00 Lecture 1-4 Mr. Takemoto
15:00 Lecture 1-5 Mr. Takemoto
16:30 Review of today's activity and Discussion Mr. Takemoto
17:00 Close

Day 2 Time Contents Lecturer
9:30 Review of Yesterday
9:45 Lecture 2-1 Mr. Takemoto

10:30 Coffee break
11:00 Lecture 2-2 Mr. Takemoto
13:00 Lunch break
14:00 Lecture 2-3 Mr. Takemoto
15:30 Practice 2-4 Mr. Takemoto
16:30 Review of training activity and Comment from participants
17:00 Closing remark and Issuance of Completion Certificate Mr. Kobayashi

Time table for Design of Irrigation Facilities  Training

Venue: Fairway Hotel, Kampala, UGANDA
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List of Contents 

 

1. Notes on Hydraulic Design ----------------------------------------------------------------1-1 

① Maximum Velocity by canal lining 

② Minimum Velocity 

③ Maximum velocity by water management 

 

2 Canal and Related Structures--------------------------------------------------------------1-1 

2-1 Canal Lining---------------------------------------------------------------------------1-1 

2-2 Notes on canal design-----------------------------------------------------------------1-1 

A) Radius of curvature 

B) Transition for enlargement 

C) Velocity in Box culvert, Siphon, Aqueduct and Tunnel  

2-3 Diversion structures-------------------------------------------------------------------1-2 

2-4 Regulating facilities-------------------------------------------------------------------1-3 

2-5 Measuring facilities-------------------------------------------------------------------1-3 

2-6 Check structure------------------------------------------------------------------------1-3 

2-7 Drop structure--------------------------------------------------------------------------1-4 

2-8 Spillway    --------------------------------------------------------------------------1-4 

2-9 Gate       --------------------------------------------------------------------------1-4 

2-10 Box culvert  --------------------------------------------------------------------------1-5 

2-11 Siphon      --------------------------------------------------------------------------1-5 

2-12 Aqueduct    --------------------------------------------------------------------------1-5 

2-13 Tunnel      --------------------------------------------------------------------------1-5 

 

3 Head works  ------------------------------------------------------------------------------2-1 

3-1 Movable weir -------------------------------------------------------------------------2-1 

3-2 Fixed weir   -------------------------------------------------------------------------2-1 

3-3 Sluice way   -------------------------------------------------------------------------2-1 

3-4 Gates   --------------------------------------------------------------------------------2-3 

3-5 Intake Structure  ----------------------------------------------------------------------2-3 

3-6 Sedimentation basin  -----------------------------------------------------------------2-3 

3-7 Fish way -------------------------------------------------------------------------------2-3 

3-8 Special Head works  ----------------------------------------------------------------2-3 
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Design of Irrigation Facilities 
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Notes on Hydraulic Design and Canal and Related structures 

 

 

 

 

 

 

 

 

 

 

 

 

NTC International Co., Ltd 

 

 

 

 

 

E - 171



2 

 

List of Contents 

1. Notes on Hydraulic Design ----------------------------------------------------------------3 

① Maximum Velocity by canal lining 

② Minimum Velocity 

③ Maximum velocity by water management 

 

2. Canal and Related Structures --------------------------------------------------------------25 

① Canal Lining ---------------------------------------------------------------------------25 

② Notes on canal design-----------------------------------------------------------------27 

A) Radius of curvature 

B) Transition for enlargement 

C) Velocity in Box culvert, Siphon, Aqueduct and Tunnel  

③ Diversion structures-------------------------------------------------------------------28 

④ Regulating facilities------------------------------------------------------------------- 

⑤ Measuring facilities -------------------------------------------------------------------44 

⑥ Check structure ------------------------------------------------------------------------56 

⑦ Drop structure -------------------------------------------------------------------------74 

⑧ Spillway     -------------------------------------------------------------------------87 

⑨ Waste way   --------------------------------------------------------------------------91 

⑩ Gate        --------------------------------------------------------------------------96 

⑪ Box culvert  --------------------------------------------------------------------------97 

⑫ Siphon      --------------------------------------------------------------------------100 

⑬ Aqueduct    --------------------------------------------------------------------------105 

⑭ Tunnel      -------------------------------------------------------------------------- 

 

3. Head works  ------------------------------------------------------------------------------ Volume II 

① Movable weir ------------------------------------------------------------------------- Volume II 

② Fixed weir   ------------------------------------------------------------------------- Volume II 

③ Sluice way   ------------------------------------------------------------------------- Volume II 

④ Gates   -------------------------------------------------------------------------------- Volume II 

⑤ Intake Structure  --------------------------------------------------------------------- Volume II 

⑥ Sedimentation basin  ---------------------------------------------------------------- Volume II 

⑦ Fish way ------------------------------------------------------------------------------- Volume II 

⑧ Special Head works  ---------------------------------------------------------------- Volume II 

 

4.  Project Brief 
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MAAIF-MWE/JICA  PISD-2 

 

Time Table of the Short-Seminar on Project Evaluation 

Subject: Introduction to Method of Project Evaluation for Irrigation Project 

Date: 11th July (Mon), 2016 

Venue: Auditorium room, Fairway Hotel, Kampala 

 

Time Contents Lecturer 

-10:00 Confirmation of attendance  

10:00 Opening remark: 

Outline of the training 

Key Introduction 

Eng. Kobayashi 

10:15 Lecture 1: Principle of Economic Evaluation of Project 

� “With Project” and “Without Project” 

� Project Cost & Benefit 

� Opportunity Cost, Shadow Price 

� Cash Flow 

� Indicators (IRR, NPV, B/C) 

Onishi 

11:30 Coffee break  

12:00 Lecture 2: 

Part 1: Project Cost 

       Cost component and project life etc. 

Part 2: Project Benefit 

       Benefit component and development period etc. 

Onishi  

 

 

13:00 Lunch break  

14:00 Practice: Calculation of NPV and IRR 

                                  *use of Laptop PC 

Onishi  

 

16:00 Review:  confirmation on the practice  

16:30 Closing remark: 

Today’s activity and discussions 

Provision of Certificate for the participants 

Eng. Negishi 

 

Materials: 

�  Handout (power-point presentation) 

�  Exercise Sheet in MS-Excel “calculation of IRR for Irrigation Project” 
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Short Seminar (PISD-2) 2016/7/8

1

the Short-Seminar on Project Evaluation
Introduction to Method of Project Evaluation for Irrigation Project

Kampala, June 2016

Seminar Programme

Lecture 1: Principle of Economic
Evaluation of Project

�“With Project” and “Without Project”
Project Cost & Benefit�Project Cost & Benefit

�Opportunity Cost, Shadow Price
�Cash Flow
�Indicators (IRR, NPV, B/C)

Seminar Programme

Lecture 2:
Part 1: Project Cost
� Cost component and project life etc.Cost component and project life etc.
Part 2: Project Benefit
� Benefit component and development

period etc.

Seminar Programme

Practice: Calculation of IRR, NPV and 
B/C for sample project using a MS-
Excel worksheet.

*use of Laptop PC*use of Laptop PC

Objectives :
�To understand basic process of

Project Evaluation (Economic
Evaluation) practically rather than
theoretically

�To understand approach and method�To understand approach and method
of the evaluation being employed by
the PISD

� To actualize the evaluation process
through exercise using a MS-Excel
worksheet for simplified sample
project of irrigation

Principal of Economic 
Evaluation of ProjectEvaluation of Project

Lecture 1:
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Short Seminar (PISD-2) 2016/7/8

2

Project Evaluation: viewing from Cost Benefit Analysis

Cost Benefit Analysis

Systematically compare the streams of costs and benefitsSystematically compare the streams of costs and benefits
in order to determine in order to determine 

economic efficiency of a project or project wortheconomic efficiency of a project or project worth

Commonly used indicators: Net Present Value (NPV), 
Internal Rate of Return(IRR), Benefit–Cost Ratio(B/C)

Financial Analysis Economic Analysis

Overall impact of the project and takes
the perspectives of the government
and society, and wealth created by a
project → cost and benefit valued
Economic Price reflecting the relative
value.

Private stakeholders’ interests
and profitability (e.g. farmer)
→ cost and benefit should be
valued at Market Price
(Financial Price)

Decision Making Process
under the Feasibility Study

Development Plan for Atari River Basin !?

(source: IFAD, 2015)

Development Plan for Atari River Basin !?
Development Plan for Sironko Wetland !?

Where are we now? Can rice growing (project) can make
such impact on the Economy of Uganda and thus for
Ugandan Nation …?

JICA-PRiDe (2013)
JICA-PRiDe (2013)

Development Planning
for Atari and
Sironko…as infulensial
key production areas

Whereas we are also
importing tens
thousands tons of
rice…

So now we’re asking;
What if we develop the
area for maximize our Pakistan, Vietnam,

India, Thailand ..

JICA-PRiDe (2013)

area for maximize our
rice production to
reduce expenditures on
rice (milled, processed)
and to save foreign
currency (e.g. USD) ,
start thinking about
With or Without Project!

With Project – Without Project
�Comparing the impact of "with" and

"without" project is a normal technique
to determine a project's worth.

�Their difference is the net additional
(incremental) benefit arising from the
proposed project in the future time-
(incremental) benefit arising from the
proposed project in the future time-
period.

�This is not the difference between
"before" and "after" (the "without" case
is not static).
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3

Time Discount: Time Value of Money
�When the costs and benefits of a

project are spread over time, the
problem arises of how to compare
future benefit with present benefit.
To be able to do this, the value of
future income has to be reduced to its
To be able to do this, the value of
future income has to be reduced to its
present worth.
Future income =
Present income X (1 + i )n
i : Interest rate n : number of years

Idea of Time Discount, i.e. Time Value of Money

Q.     How much will 1,000 UGX be next year ?

14

A.      100 (1+r) UGX

A.      {100(1+r)}(1+r)    =    100(1+r)2 UGX

r: interest rate (bank rate, government’s treasury bill)

Q.     Then how much will 1,000 UGX be after 2 years ?

Present, UGX After t  years, UGX

a

b

tra )1( +

b
r t)1(

1
+

A.    {100(1+r)2}(1+r)  =   100(1+r)3 UGX
Q.     Then how much will 1,000 UGX be after 3 years ?

discounting

compounding

Treasury Bill:
91-days (3 months)
182-day (6 months)182-day (6 months)
364-day (1 year)

“discount rate”
computed by using;
-Face value (UGX)
-Price paid (UGX)
-Days of maturity
(X days/360)

time 

Net Benefit (Benefit-Cost) 

With Project 

 
A 

Present
Condition time 

Without Project 

B 

Difference between: 
With – Without,
as INCREMENT

Condition

(after  Ozaki (2014)) 

However….commonly misunderstood as such…

Net Benefit (Benefit-Cost) 

After- Ex Post Project 

 
A 

Present
time 

Before - Ex Ante Project 

 

Present
Condition

(after  Ozaki (2014)) 

Summary: relationship between “With” and “Without” Project

C
om

po
si

te
 C

ro
p 

Yi
el

d
an

d 
In

co
m

e

With 
Project

additional Benefit
as the difference of

Present
Level

Building-up

Full development stage! (100%)

(after  FAO-CDR) 

C
om

po
si

te
 C

ro
p 

Yi
el

d
an

d 
In

co
m

e

Without 
Project

as the difference of
With/Without Project

Years

Investment
construction
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4

Project Cost
Initial investment cost:
�Construction cost (directly, indirect)
Recurrent cost year to year:
�O & M cost

Not for consideration:
�Sunk cost (in case rehabilitation)

Periodic cost at certain stage:
�Replacement/ repair cost

detailed explanation will be provided in Lecture2 Part1!

Project Benefit
� Direct benefit

� Crop production (e.g. high yield of rice)
� Flood protection
� Reduction of cost (e.g. farm road)

� Socio-economic impact� Socio-economic impact
� Creation of employment (on/off farm)
� Business opportunities 
� Feeling of happiness held by people

� Intangible benefits
� Improved access to rural infrastructures

*Benefit :  detailed explanation will be provided by Eng. Nishiya for Lecture2 Part2 !

Opportunity Cost
� The best alternative return foregone elsewhere

by committing assets to the project. The value
of something foregone.

� For example, the direct opportunity cost of
person-day of labour is what the person would
otherwise have produced or being paid for thatotherwise have produced or being paid for that
day of work. The value of a resource in its best
alternative use.

� For the financial analysis the opportunity cost
a purchased input is always its market price.
economic analysis the opportunity cost of
purchased input is its marginal.

Shadow Price
� A shadow price of a good or service is the

economic opportunity cost to society of that
good or service.

� The true or economic value of a good (as
opposed to the market price, which might
be distorted).
opposed to the market price, which might
be distorted).

� Synonymous with economic or social price.

Cash Flow (stream of cost & benefit)

� In the first step for evaluation work
following to collection of necessary data-
set, we develop “cash flow” (e.g. use of
MS-Excel)

� Reflecting the costs and benefits over� Reflecting the costs and benefits over
time from a stated point of view.
Income/benefit is a positive cash flow and
expenses/costs are negative flows.

Year Const. Cost O&M Cost Replace. Cost Total Cost Total
Benefit

Net Benefit

1 26,348 26,348 -26,348

2 43,914 43,914 -43,914

3 17,566 17,566 -17,566

4 2,363 2,363 3,270 908

5 2,363 2,363 6,540 4,178

6 2,363 2,363 9,811 7,448

7 2,363 2,363 13,081 10,718

8 2,363 2,363 16,351 13,988

9 2,363 2,363 16,351 13,988

10 2,363 2,363 16,351 13,988

11 2,363 2,363 16,351 13,988

12 2,363 2,363 16,351 13,988

Approx. 3% of 
the total 
project cost
For each and 
every year

Fund 
disbursement
1st: 30%
2nd: 50%
3rd: 20%

< B >< C > < B-C >

5-year Build-up
@20%
@40%
@60%
@80%
@100%
=full development

Typical cash flow in  MS-Excel worksheet

12 2,363 2,363 16,351 13,988

13 2,363 2,363 16,351 13,988

14 2,363 2,363 16,351 13,988

15 2,363 2,363 16,351 13,988

16 2,363 2,363 16,351 13,988

17 2,363 2,363 16,351 13,988

18 2,363 2,363 16,351 13,988

19 2,363 2,363 16,351 13,988

20 2,363 2,363 16,351 13,988

21 2,363 2,363 16,351 13,988

22 2,363 2,363 16,351 13,988

23 2,363 3,748 6,110 16,351 10,241

24 2,363 2,363 16,351 13,988

25 2,363 2,363 16,351 13,988

…….. ………. ……… ……… ………

30 2,363 2,363 16,351 13,988

20years

E - 178



Short Seminar (PISD-2) 2016/7/8

5

Cash Flow in Bar graphs

Needs of continuous O&M cost throughout the project life

Project Life (Period) = 30 years

Indicators

�Decision criteria for proposing the
project upon systematical and
objective method.

�Net Present Value: NPV
�Internal Rate of Return: IRR
�Benefit-Cost Ration: B/C Ration

NPV: Net Present Value
� Definition: the sum that results when the

expected costs of the investment are
deducted from the discounted value of the
expected benefits (revenues).

� Whenever NPV > 0, the project is
considered worthwhile or profitable. Amongconsidered worthwhile or profitable. Among
mutually exclusive projects, the one with
the highest NPV should be chosen.

IRR: Internal Rate of Return
*here we refined it as Economic IRR

�The internal rate of return (IRR) 
indicator is defined as the discount indicator is defined as the discount 
rate (r) that produces a zero NPV. 

�This represents the maximum 
interest rate that a project could face 
and still not waste resources.

Summary: Relationship between 
IRR & NPV

�If the (alternative) interest rate (imkt),
also called opportunity costs of
capital or social discount rate, is
lower than the IRR, the NPV islower than the IRR, the NPV is
positive, and vice versa.

IRR > r = imkt → NPV > 0
IRR ‹ r = imkt → NPV ‹ 0

Trend of NPV (UGX Millions) value with
changing discounting rate;
giving the stream of Net Benefit with certain
range of discounting-rate to compute IRR
value for each of the rate to plot NPV against
discounting rate…

Cutoff Line as Social Discount Rate of 10%, employed often by WB, ADB etc.

EIRR
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6

B/C (benefit-cost) Ratio
� The ratio of the present value of benefits to

the present value of costs over the time
horizon.

� The B/C ratio provides some advantages when
a ranking of alternative investment projects is
The B/C ratio provides some advantages when
a ranking of alternative investment projects is
needed under budget constraints.

If B/C ≥ 1 … the project is accepted.
If B/C < 1 … the project is rejected.

IRR or NPV?
� IRR can always be calculated and will

provide information on the magnitude of the
return – the IRR is the most commonly used.

� IRR has no meaning in terms of project
value or size.value or size.

� The project to be chosen from a social point
of view would be the one producing the
bigger returns to the economy, and the NPV
will clearly show this, while the IRR will not.

Sensitivity Analysis
�Consideration for eventualities that

cannot be predetermined or are
beyond the direct control of those
involved in project implementation.

�Major risk areas affect the viability of�Major risk areas affect the viability of
projects:

Scenario: Changes in Numeric used
Unstable prices Cost, Benefit Cost +10%, +20%

Benefit -10%, -20%Cost overrun Cost
Unstable yields Benefit
Delay in Implementation Cost, Benefit 1 year delayed

Confirmation: 
Formula/Definition of the Indicators 

Key Descriptions NPV IRR B/C

Definition
r

at which  
NPV＝0

Viability
Judgment NPV ≧ 0 IRR ≧ r B/C ≧ 1

t

WOP
t

WOP
t

WP
t

WP
t

r
CBCB

)1(
)()(

+
−−−

∑ tWOP
t

WP
t

tWOP
t

WP
t

rCC
rBB
)1/()(
)1/()(

+−∑
+−∑

Evaluating net increment 
value in absolute figure ✓ × ×

Providing the magnitude
of return: no vale for 

project value/size
× ✓ ×

B = benefit;   C = cost;   WP = with-project;   WOP = without-project;  t = project year;  
r = discount rate ; interest rate used as indicator of opportunity cost

Break

Lecture2 (Part-1): Project Cost

Cost Components:
�Construction cost
�Operation & Maintenance costOperation & Maintenance cost
�Replacement cost
�Sunk cost
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Construction Cost (=Investment)

�Investment refers to the initial costs
of construction of the irrigation
scheme. The cost items included
depend on the type of system.

�If drying-yard and warehouse are�If drying-yard and warehouse are
constructed for the project, they
should also be included in the
calculation of the initial costs to field
edge (head works and conveyance
system) and the infield works.

1. Intake Facility and appurtenant structure
2. Main irrigation canal construction
3. Secondary canal construction
4. Main Farm Ditch
5. Supplemental Farm Ditch
6. On-Farm Development
7. Drainage Canals
8. Flood Protection Dike 
9. Maintenance Road Length 

Breakdown of the Construction Cost

Administration cost , X%

Indirect Cost

9. Maintenance Road Length 
10. Warehouse, building works
11. Temporary cost, X% of (1to 9)
12. Site expense, X% of (1 to 10)
13. Overhead and profit, X% of (I to11)

Physical contingency , X%

Project Cost

Engineering services , X%

Direct Cost

Operation and Maintenance Cost
�These costs are usually assumed to

depend on the cost of the equipment
utilized. Thus a percentage of the cost
of equipment is taken as repair and
maintenance costs per year.

�Real costs can be used if known from�Real costs can be used if known from
other similar schemes.

�In the case of the PISD, the operation
and maintenance costs are assumed to
be nearly 3% of the investment cost
per year.

Sample image of de-silting (twice in a year) from main canals at 
the Doho Rice Irrigation Scheme in Butaleja District (source: 
DIFACOS). 

Replacement Cost

�These are the costs incurred to
replace specific items. In the
example of the PISD, the following
assumptions about theassumptions about the
replacements are made:

All gates of intake/ check-gate/
turnouts should be replaced every
20 years Sample image of Intake gates having been installed and used for 

some 10 years (Ngenge S/C, Kween District). 
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Sunk Cost:
The cost incurred in the past that cannot be
retrieved as a residual value from an earlier
project.
A sunk cost has no opportunity cost, as the
assets represented by the sunk cost have
no alternative use.no alternative use.
A sunk cost is therefore not included in the
outflow when projects are analyzed.
This can be the case if the project is a
rehabilitation of a previously operated
irrigation scheme.

Economic Cost

�Convert all market prices into
economic/shadow prices that better
reflect the social opportunity cost ofreflect the social opportunity cost of
the good.

�Remove transfer payments (taxes
and subsidies) and quantify
externalities (positive and negative).

Market category Item Method of 
conversion

Example

International 
commodity

Production
output

Adjusting
price distortion

Rice, maize etc.

ditto Production input ditto DAP, Urea

Trading market Production input Finance Price x
SCF*

Seeds, sucks,
Chemicals

ditto Construction ditto Material, equipment & 
associated indirect costs

ditto O &  M cost ditto ditto

Labour market Production 
labour
(unskilled labour)

Finance Price x
Conversion Factor

Farm, construction 
labour (hired)

*SCF: Standard Conversion Factor

Production Output: Rice

order Price/cost components Operation
(1) Thai 25% broken, FOB Bangkok (USD) = P1 Thailand
(2) Ocean freight (Bangkok - Mombasa) + (ocean)
(3) Insurance + (ocean)
(4) Land transport (Mombasa - Kampala) + Kenya
(5) Custom clearance + (boarder)
(6) CIF at Kampala  (@ 3,xxx UGX/USD) =P2 Kampala(6) CIF at Kampala  (@ 3,xxx UGX/USD) =P2 Kampala
(7) Conversion to UGX =
(8) Handling charge & margin (X% of CIF) + Kampala
(9) Importer's selling price =P3 Kampala
(10) By-product though processing + Trader2
(11) Millgate paddy price =P4 Market
(12) Conversion to Paddy (Milling rate X%) x

Trader1(13) Milling cost -
(14) Local transport (farm to mill) -
(15) Economic farm gate price =P5 Farm

Materials: Construction How to convert it to Economic Price
Year Export Export 

Tax Import Import 
Tax

Import 
Subsidy SCF

2010 1,619 3.41 4,664 1,087 0 0.853
2011 2,159 0.23 5,631 1,148 0 0.872
2012 2,357 0.00 6,044 1,186 0 0.876
2013 2,408 1.23 5,818 1,397 0 0.855
2014 2,274 4.66 5,874 1,529 0 0.842

Average 0.860Average 0.860
Export & Import data: WTO statistic database
Tax information: Uganda Revenue Authority
Conversion currency (UGX to USD): Bank of Uganda

SCF = 
Imports (cif)    +    Exports (fob)

(Imports + Import taxes) + (Exports – Export taxes)

Total trade

Total trade  +  Net trade taxes
= 

cif: cost, insurance, fob: free on board

Simple 
Trade-Weighted

Formula 
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Unskilled Labor Project Life (Period)
�If the project centres on one major

asset, for example the irrigation
system, the project period will be the
estimated life of this asset.

�equipment. If a dam were constructed�equipment. If a dam were constructed
in connection with the scheme, then
the time horizon would be extended to
cover the expected lifetime of the dam.

� In the PISD, the project life is set as
30 years including investment period.

In practicalities

�The Project Evaluation is a not desk
work only for economist but
comprehensive field oriented and
engineering-related work where inengineering-related work where in
the process all experts of the
ministry associate with.

Further Readings
*downloadable from web site

� IFAD (2015) IFAD’s Internal Guidelines: Economic and Financial
Analysis of Rural Investment Project, Vol.1. International Fund for
Agricultural Development (IFAD), Rome, Italy.
https://www.ifad.org/what/operating_model

� FAO: Watershed Management Field Manual –Watershed Survey
Planning, 9. Economic and Other Assessments. In FAO Corporate
Document Repository (www.fao.org/docrep/006/t0165e/t0165e09.htm).

In

Document Repository (www.fao.org/docrep/006/t0165e/t0165e09.htm).
� Savva, A.P. and K. Frenken (2002) Financial and Economic Appraisal of

Irrigation Project, Irrigation Manual Module 11. FAO, Rome, Italy.
ftp://ftp.fao.org/docrep/fao/010/ai600e/ai600e00.pdf

� Lagman-Martin, A. (2004) Shadow Exchange Rates for Project
Economic Analysis: Toward Improving Practice at the Asian
Development Bank, ERD Technical Note No.11. Asian Development
Bank (ADB), Manila, Philippines.
http://www.adb.org/publications/shadow-exchange-rates-project-
economic-analysis-toward-improving-practice-asian-develop
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1. Introduction 

The R/D was agreed upon by the Ministry of Agriculture, Animal Industry and Fisheries (MAAIF), 
the Ministry of Water and Environment (MWE), and the Japan International Cooperation Agency 
(JICA) on 10th February 2014.  Ten (10) candidate sites were selected through the preliminary 
survey made by MAAIF, MWE, and JICA and listed in the Record of Discussion on 10th February 
2014 (R/D) of “The Project on Irrigation Scheme Development (PISD) in Central and Eastern 
Uganda”, (hereinafter called “the Study”).   

The scope of the Study has two phases.  In the first phase (Phase 1), JICA Study Team (JST) 
conducted a study to develop Irrigation Scheme Development Plan (ISDP) for the respective candidate 
sites, listed in Table 1, from June 2014 to March 2015.  ISDP was formulated for each site including 
cost estimation of the project, benefit, and project evaluation.  Based on the analysis of ISDP, three 
priority sites were selected for further study in Phase 2.  During the second phase (Phase 2) of the 
Study - from May 2015 to December 2016 - JST conducted F/S on two (2) of the three (3) selected 
sites, namely: Sironko/Acomai and Atari site, and Pre-Feasibility Study (Pre-F/S) on Namatala site.  
Capacity building on irrigation and natural resource management, targeting counterparts (C/Ps) and 
district officers was also done during the two phases. 

This Appendix-F contains: i) R/D of PISD and its amendments, ii) Minutes of Meetings of Joint 
Coordination Committee (JCC), iii) M/M of Joint Technical Committee (JTC) as shown below.  
These meeting were held among C/Ps of PISD, i.e., MAAIF, MWE and member of JCC member of 
PISD, JICA and JST during the Study.   

(1) Record of Discussion 

Original  : 10th February 2014 
Amendment : 12th November 2015 

(2)Joint Technical Committee Meetings 

Date of the Meeting Number of JTC Venue 
18th July 2014 First  JTC MWE Office 
2nd December 2014 Second  JTC NAADS Library 
7th December 2015 Third  JTC City Royal Hotel 
20th July 2016 Fourth  JTC City Royal Hotel 

 
(3)Joint Coordination Committee Meetings 

Date of the Meeting Number of JCC Venue 
27th July 2014 First  JCC Cotton House 
9th December 2014 Second  JCC City Royal Hotel 
24th June 2015 Third  JCC Coffee House 
5th October 2015 Fourth  JCC City Royal Hotel 
25th April 2016 Fifth  JCC Coffee House 
12th October 2016 Sixth  JCC City Royal Hotel 
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111 THE SUCCESSFUL IMPLEMENTATION OF THE AGRICULTURAL SECTOR DEVELOPMENT
STRATEGY AND INVESTMENT PLAN(DSIP) 2010 REPUBLIC OF UGANDA pdf A4 9

112 Agriculture Sector Development Strategy and Investment Plan : 2010/11-2014-15 2010 MAAIF pdf A4 149

113 Agriculture Sector Sector Performance Summarized Report THE SECOND JOINT AGRICULTURE
SECTOR ANNUAL REVIEW (JASAR) 2012-1ST-2ND N 2012 MAAIF pdf A4 24

114 JOINT AGRICULTURAL ANNUAL SECTOR REVIEW 2012 MAAIF pdf A4 2
115 Irrigation Policy revised July 17 2012 2012 MAAIF word A4 23
116 Draft National Irrigation Policy 2015 MAAIF pdf A4 36
117 Agriculture Sector Strategic Plan 2016 MAAIF word A4 197
118 Final Revised WfAP FIP 03.06.2015 2015 MAAIF pdf A4 57

121 UGANDA NATIONAL RICE DEVELOPMENT STRATEGY (UNRDS) 2nd Draft 2009 MAAIF pdf A4 36
122 UGANDA NATIONAL RICE DEVELOPMENT STRATEGY 2008-2018(NRDS) 2012 MAAIF pdf A4 87
123 コメ振興プロジェクト詳細計画策定調査報告書 2011 JICA pdf A4 79
124 ネリカ米振興計画プロジェクト中間レビュー調査報告書 2010 JICA pdf A4 82
125 ネリカ米振興計画プロジェクト終了時評価調査報告書 2011 JICA pdf A4 77

131 Statistical Abstract 2010 (Agriculture) 2010 MAAIF pdf A4 62
132 Statistical Abstract 2011 (Agriculture) 2011 MAAIF pdf A4 64

141 FARM INCOME ENHANCEMENT AND FOREST CONSERVATION PROJECT  APPRAISAL
REPORT 2015 REPUBLIC OF UGANDA pdf A4 63

151 Water for Agricultural Production (WfAP) Thematic Area Framework Implementation Plan/Report 2012 MAAIF word A4 189
152 Summary on PPP word A4 4

161 National Livestock Census Report 2008 2008 MAAIF pdf A4 273

171 DIFACOS ByeLaws 2015 DRIS 2015 DIFACOS pdf A4 5
172 Pamphlet_DIFACOS_the latest Ver DIFACOS pdf A4 4

181 Guidelines on the Use of Ugachick feed to Rear [Tilapia & Catfish] in Eastern Ponds (USAID,2011) 2011 USAID pdf A4 4

211 National Irrigation Master Plan for Uganda (2010-2035) Final Report 2011 MAAIF pdf A4 218
212 National Irrigation Policy 1st draft 2012 MAAIF word A4 43
213 National WR Assessment Report - Uganda 2013 2013 MWE pdf A4 272

2005 FAO, Land and Water Development
Division pdf A4 89

2003 Department of Agricultural Economics
and Agribusiness, Makerere University pdf A4 21

2006 UNESCO pdf A4 220

 List of Collecting Data and Documents (PISD, Uganda）

11 Agriculture Policy

12 Rice

13 Statistics

14 Forest

22 Irrigation in Africa in figures: AQUASTAT Survey-2005

23 Collective Action in Canal Irrigation Systems Management:
    The Case of Doho Rice Scheme in Uganda

2 Irrigation
21 National Irrigation

24 Case study Uganda National Water Development Report Uganda

1 Agriculture

15 PPP

16 Livestock

17 Cooperative

18 Fisheries
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No. Name Date Procurement Format Size Page Remak
 List of Collecting Data and Documents (PISD, Uganda）

251 東部ウガンダ持続型灌漑開発計画調査事前調査（S/W協議）報告書 2003 JICA 2 pdf A4 98(in total)

252 Final report (Japanese) 2007 NK, Taiyo consultant 2 pdf A4 130(in
total)

253  THE STUDY ON POVERTY ERADICATION THROUGH SUSTAINABLE IRRIGATION PROJECT IN
EASTERN UGANDA: FINAL REPORT (Vol.1 MAIN REPORT) 2007 NIPPON KOEI, TAIYO

CONSULTANTS 3 pdf A4 249 (in
total)

254   THE STUDY ON POVERTY ERADICATION THROUGH SUSTAINABLE IRRIGATION PROJECT IN
EASTERN UGANDA: FINAL REPORT (Vol.2 PILOT PROJECT REPORT) 2007 NIPPON KOEI, TAIYO

CONSULTANTS 5 pdf A4 361(in
total)

261 東部ウガンダ持続型灌漑農業開発計画プロジェクト中間レビュー調査報告書 2010 JICA 3 pdf A4 74(in total)
262 東部ウガンダ持続型灌漑農業開発計画終了時評価調査報告書 2011 JICA pdf A4 55  

2010 word A4 22

281 現地調査報告書 2010 NTC International pdf A4 50
282 案件形成調査（インセプションレポート） 2010 NTC International pdf A4 46
283 案件形成調査（Doho and Namatala Maps） 2 JEPG A4
284 業務実施計画書全体 2010 NTC International pdf A4 47
285 アフリカ灌漑　II編　Uganda　J

2014 Nelson&Associates Environment
Consultants word A4 12

2901 FEASIBILITY STUDY FOR IRRIGATION SCHEME(S) DEVELOPMENT IN KWEEN DISTRICT Senior Irrigation Agronomist (Local) word A4 3

2902 Studies for Irrigation Potential in Kween district Prefeasibility Report BEC Engineers word A4 146
2903 KWEEN STUDY PRESENTATION-AGRON & CWR power point 35
2904 KWEEN IRRIGATION SCHEME Map 1 BEC Engineers pdf A3 1
2905 KWEEN IRRIGATION SCHEME Map 2 BEC Engineers pdf A3 1

2906 PRE-FEASIBILITY STUDY FOR IRRIGTION DEVELOPMENT IN KWEEN DISTRICT – AGRONOMY
SECTION word A4 38

29001 Dams 300000 or more Excel A4
29002 Existing Irrigation Excel A4
29003 Flower Farms Excel A4
29004 Potential Irrigation_Hydromet 1982 Excel A4
29005 UGANDA WATER SUPPLY Atlas 2010 2011 Republic of Uganda pdf B4 12

290001 国際機関によるIrrigation scheme in Uganda word A4 1
290002 Islamic Development Bank Final Pearl_Tilda_PAD 01.10.2012 2012 Islamic Development Bank pdf A4 64

2005 MWE, USAID, PRIME WEST pdf A5 17
1995 Ministry of Natural Resources pdf A4 16

pdf A4 100
2005 MWE pdf A4 64

25  THE STUDY ON POVERTY ERADICATION THROUGH SUSTAINABLE IRRIGATION PROJECT

28 Africa local irrigation

29000Internatinal argency

2900 Statistics (Uganda Existing and Potential Irrigation List)

33 （from p.13～）FRAMEWORK MANAGEMENT PLAN FOR AWOJA WETLAND SYSTEM Executive Summary

290 KWEEN District

29 Feasibility Study for Irrigation Scheme Development in Central and Eastern Uganda

35 Community Wetland Management Planning Guide

27 Result of Uganda Irrigation scheme study

26 Sustainable Irrigated Agriculture Development Project in Eastern Uganda

3 Wetland
31 Guidelines for Smallholder Paddy Rice Cultivation in Seasonal Wetlands Wetland Booklet Number 3
32 National Policy for the Conservation and Management of Wetland Resources
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361 Lake Bisina Wetland System Ramsar Information Sheet (RIS) 2005 Nature Uganda word A4 13
362 LAKE BISINA WETLAND SYSTEM PROPOSED RAMSAR SITE JPEG A4 1
363 Lake Opeta Wetland System Ramsar Information Sheet 2005 Nature Uganda word A4 12
364 LAKE OPETA WETLAND SYSTEM PROPOSED RAMSAR SITE JPEG A4 1

2008 Belgian Technical Cooperation word A4 65

381 湿地管理プロジェクト詳細計画策定調査報告書 2012 JICA pdf A4 155
382 湿地管理プロジェクト業務進捗報告書2015 年 2015 JICA pdf A4 62

383 NATIONAL WETLANDS MANAGEMENT PROJECT IN REPUBLIC OF UGANDA
PROGRESS REPORT IV 2015 JICA pdf A4 59

1998 Republic of Uganda pdf A4 28

2011 MWE pdf A4 136

2008 MINISTRY OF WORKS AND
TRANSPORT pdf A4 164

511 2006 WEATHER DATA ALL STATION Uganda 2006 NAARI Excel A4
512 2007 WEATHER DATA ALL STATION Uganda 2007 NAARI Excel A4
513 2008 WEATHER DATA ALL STATION Uganda 2008 NAARI Excel A4
514 2009 WEATHER DATA ALL STATION Uganda 2009 NAARI Excel A4
515 2010 WEATHER DATA ALL STATIONS 2010 NAARI Excel A4
516 2011 WEATHER DATA ALL STATIONS 2011 NAARI Excel A4
517 2006-2011 WEATHER DATA ALL STATION Uganda 2011 NAARI Excel A4

521 Manafwa Discharge Graph (2003～2010) 2010 Excel A4
522 Manafwa_Flow(2003-2010) 2012 Excel A4
523 Namatala_Flow(2003-2012) 2012 Excel A4
524 Sipi_Flow(2003-2012) 2012 Excel A4
525 Sironko_Flow(2003-2009) 2009 Excel A4
526 Location of Hydromeorologic Stations 2003 MAAIF,JICA word A4 5
527 Manafwa and other rivers Q revised2 Excel A4
528 Sipi, Sironko, Manafwa, Namatala(kubo) Excel A4
529 Sipi-Sironko データ補正 Excel A4

1999 MWE pdf A4 40
1997 Republic of Uganda pdf A4 52

Excel
3 Excel

59 Hydro-Climatic Study Report on the Water Resources of Uganda 2010 UNRA pdf A4 151
5100 Natinal water resources assessment 2013 MWE pdf A4 268
5110 The Water Resources Regulations 1998 1998 pdf A4 26

56 The Water Act (CHAPTER 152)

37 Final Wetlands Subsector Paper for PEAP Revision

52 Uganda River Discharge data

38 Wetland management project

36 Lake Wetland System Ramsar

58 Rainfall and temperature in Gulu, Lira

41 The National Environment (Environmental Impact Assessment) Regulations) Statutory Instrument 153-1

57 AGROMET DATA NAMULONGE 2011-2012

51 Uganda Rainfall 2006-2009

43 ENVIRONMENTAL IMPACT ASSESSMENT GUIDELINES FOR ROAD PROJECTS

42 ENVIRONMENTAL IMPACT ASSESSMENT GUIDELINES FOR WATER RESOURCES RELATED
　　PROJECTS

4 EIA

55 National Water Policy

5 Meteorological and Hydrological Data
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611 National Development Plan (2010/11-2014-15) 2010 National Planning Authority pdf A4 441
612 SECOND NATIONAL DEVELOPMENT PLAN (NDPII) 2015 National Planning Authority pdf A4 344

2010 AfDB, ADF pdf A4 45

641 Statistical Abstract 2011 2011 Uganda Bureau of Statistics pdf A4 287
642 Statistical Abstract 2012 2012 Uganda Bureau of Statistics pdf A4 288
643 Statistical Abstract 2013 2013 Uganda Bureau of Statistics pdf A4 264

2010 MAAIF pdf A4 149
2010 MAAIF
2007 Uganda Bureau of Statistics pdf A4 39
1995 Republic of Uganda pdf A4 192

6101 LIST OF CERTIFIED AND REGISTERED ENVIRONMENTAL PRACTITIONERS IN UGANDA, 2013 2004 NEMA pdf A4 25

6102 INCREASING INCOMES THROUGH EXPORTS:A Plan for Zonal Agricultural Production, Agro-
processing and Marketing 2004 Republic of Uganda pdf A4 118

6103 The National Environment Act (Chapter 153) 1995 Republic of Uganda pdf A5 93
6104 THE NATIONAL ENVIRONMENT (AUDIT) REGULATIONS, 2006 2006 Republic of Uganda pdf A5 19

6105 THE NATIONAL ENVIRONMENT (ACCESS TO GENETIC RESOURCES AND BENEFIT SHARING)
REGULATIONS, 2005 2005 Republic of Uganda pdf A5 31

6107 ENVIRONMENTAL LEGISLATION OF UGANDA Republic of Uganda pdf A4 651
6108 Uganda Geochemical Atlas Map (Soils) 1980 JPEG 1

601 COWI UNMANNED AIRCRAFT SYSTEM ENABLES QUICK AND EFFICIENT AIRBORNE MAPPING 2013 COWI pdf A4 2

602 Part B Surveys and Investigations pdf A4 4

603 REPORT OF SOIL ANALYSIS 2013 Directorate of Government Analytical
Laboratory pdf A4 1

604 REPORT OF WATER ANALYSIS 2013 Directorate of Government Analytical
Laboratory pdf A4 1

605 UBOS Data 2012
606 土砂の捕捉に必要な緩衝帯幅の考察 2004 pdf A4 7

6111 NATIONAL ROADS AUTHORITY MUYEMBE-NAKAPIRIPIRIT ROAD DESIGN REPORT 2013 UNRA pdf A4 61
6112 Road Design Volume 2 2010 Republic of Uganda pdf A4 203

6121 District Land Boards pdf A4 15
EACL: Environmental Assessment Consult Limited List of Abbreviation
(NEMA): NATIONAL ENVIRONMENT MANAGEMENT AUTHORITY MAAIF: Ministry of Agriculture, Animal Industry and Fisheries
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which is observed water level manually by MWE and located near the Atari River also confirmed, 
since past the Sipi River discharge is used to estimate past the Atari River discharge for water balance 
analysis. 

H-Q curve is generally represented by equation below. 

    

Where Q is River discharge (m3/s), h is river water level (m) and a,b are constants. 

Constant a and b is obtained by following manner.  Plot the square root of river discharge Q and 
water level h as scatter diagram.  Linear equation of      is obtained by the least-squares 
method, then         is obtained 

3.2 Methodology of Observation 

When the river water level is not more than 1m, the velocity of the river is measured at one point at the 
depth of 60%. When the river water level is more than 1m, the velocity of the river is measured at two 
points at the depth of 20% and 80% from water surface. If the obtained result has some difference, 
re-measurement was conducted. 

Figure 3.2.1  Depth of river velocity measurement 

Digital current meter (MT precision CO. LTD: MTS-1) is used for measurement of river velocity. 
Velocity is measured by paddling of river when water level is low in dry season. Due to the high water 
level in rainy season, velocity and depth are measured from the top of the bridge to reduce the risk of 
incident. 

Measurement of cross section of river is conducted at the same tine of every measurement of velocity. 
Point of measurement of velocity is same as measurement point of depth measurement. Depth of river 
is measured by using surveying pole measure in the dry season by paddling of the river. Current meter 
is used to measure depth of river from the top of the bridge.   

River cross section is obtained by measuring of width and depth of river. Width of river is measured 
and interval of measurement of depth and velocity is adjusted depending on the width of river.  The 
pitch should always be less than 1m. 

20% depth 
from water 
surface 

80% depth 
from water 
surface 

60% depth from 
water surface 
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Figure 3.2.2  Interval of depth and velocity measurement of river 

Measurement of width of water 
surface by using tape measure in dry 

season 

Measurement of river depth in dry season 

Measurement of river velocity in rainy seson. 
To fix current meter at appropriate position, current 
meter is pulled by ropes from both banks upstream  

Measurement of velocity and depth of river in 
rainy seson. 

Due to the high water level  t possible to 
measure velocity and depth by paddling of the 

river. Therefore measruement is conducted 
from the top of bridge. 

Figure 3.2.3  Photo of filed activity 

3.3 Results of Measurement of Velocity and Cross-section 

3.3.1 Results of Measurement of Velocity and Cross-section of the Atari River 

Measurement of velocity and area of cross-section was conducted 14times from March 2015 to end of 
July 2015. 

PierPier 

Riverbed

Bridge

More than 1m: 
2 points 

Less than 1m:
1 point

A-14



THE PROJECT ON IRRIGATION SCHEME DEVELOPMENT IN CENTRAL AND EASTERN UGANDA 
FINAL REPORT 

VOLUME-I MAIN REPORT Appendix A 

Figure 3.4.1  Time Series Variation of Minimum Water Level in the Sipi River from 2000-2012 

3.4.4 The Atari River Discharge 

Long-term river discharge data is necessary for water balance analysis but observation for the Atari 
River was just started from the beginning of 2015.  The Sipi River is observed by MWE for 
long-term and the Sipi River is located near to the Atari River.  Then, the Atari River discharge and 
the Sipi River discharge were compared to verify the possibility to estimate the Atari River discharge 
from the Sipi River discharge. 

The water level in the Atari River which is observed by JST and water level in the Sipi River which is 
observed by MWE from March 2015 to August 2015 are shown the figure below.  The figure shows 
that changing trend of the Atari River water level is similar to the Sipi River water level.  Therefore, 
it is appropriate to use the Sipi River discharge data to estimate the Atari River discharge. 
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conservation and sustainable use for present and future generations. No legislation specific to 
wetlands exists, but a National Wetlands Bill is under preparation. 

In Article 7, Specific Policy Strategies are described as followings. 

7.1 Drainage of wetlands  There will be no drainage of wetlands unless more important 
environmental management requirements supersede. 

7.2 Environmentally 
sound management 

 Only those uses that have proved to be non destructive to 
wetlands and their surroundings will be allowed and/or 
encouraged.  These include water supply, fisheries, wetland 
edge gardens, and grazing. 

7.3 Sustainable use of 
Wetlands 

 Wetlands may be utilized in such a way that they do not lose 
traditional benefits presently obtained from them. 

 Any decisions to use wetlands must consider the requirements 
of all other users in the community. 

7.4 Conversion of 
Wetlands 

 Government will establish fully “Protected Wetland Areas” of 
important biological diversity. 

 Government may also establish wetlands which will be used 
for partial exploitation as research. 

 No modification, drainage or other impacts will be entertained 
for the so protected wetlands. 

7.5 Water Supply and 
Effluent treatment 

 Any wetland serving as a source of water supply or receiving 
effluent as part of a designated service to any human settlement 
shall be fully protected wetland from any encroachment, 
drainage, or modification. 

7.6 Tenure and Use  All wetlands are a public resource to be controlled by the 
government on behalf of the public.  There shall be no leasing 
of any wetland to any person or organization in Uganda at any 
given moment and for whatever reason, 

 However, communal use will be permitted, but only if 
environmental conservation and sustainable use principles and 
strategies are adhered to. 

7.7 Recovery of 
previously drained 
Wetlands 

 Government may require that some wetlands, which have 
already been drained, should be allowed to regenerate. For this 
purpose, Government aims at restoring the soil hydration so as 
to re-establish the wetland vegetation as far as ecologically 
possible.  Such an operation may range from partial 
rehabilitation of wetlands along drainage channel in the case of 
lease holder, to full rehabilitation after the lease has been 
cancelled or eviction in case of users with no leases. 

7.8 Environmental 
Impact Assessment 
(EIA) and 
monitoring 

 There will be a requirement that all proposed modifications on 
wetlands be subject to an EIA. 

 All planned new wetland developments will be subjected to an 
EIA process to determine the required environmental controls. 

 

(2)The National Environment (Wetlands, River bank, and Lake Shores Management)
Regulations (2000) 

These regulations are important regarding irrigation development project in wetland.  Related 
articles for the environmental assessment of the project are followings. 
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5 Principles The principles set out in this Part shall be observed in the 
management of all wetlands as follows:  
(a) wetland resources shall be utilized in a sustainable manner 

compatible with the continued presence of wetlands and their 
hydrological functions and service;  

(b) environmental impact assessment as required under the statute 
is mandatory for all activities in wetlands likely to have an 
adverse impact on the wetland;  

(c) special measures are essential for the protection of wetlands of 
international, national and local importance as ecological 
systems and habitat for fauna and flora species, and for 
cultural and aesthetic purposes, as well as for their 
hydrological functions; and  

(d) wise use1 of wetlands shall be interpreted into the national 
and local approaches to the management of their resources 
through awareness campaigns and dissemination of 
information. 

11 Uses of Wetlands 
 

(1) A person desiring to carry out of the regulated activities listed 
in the Second Schedule or extract any wetland produce in a 
wetland shall make an application in Form A set out in the 
First Schedule to these regulations. 

(2) Notwithstanding the provisions of sub-regulation (1), the 
following traditional users of wetland resources shall not be 
subject to the application of these regulations. 

(a) Harvesting of papyrus, medicinal plants, trees and reeds; 
(b) Any cultivation where the cultivated area is not more than 

25% of the total area of the wetland; 
(c) Fishing using traps, spears and baskets or other methods than 

weirs; 
(d) Collection of water for domestic use; and 
(e) Hunting subject to the provisions of the Wildlife Act Cap.200

12 Wetland resource use 
permit 

(1) Subject to the provisions of Regulations, a person shall not 
carry out any activity in a wetland without a permit issued by 
the Executive Director (of NEMA). 

29 Protection zones for 
river banks 

(1) The rivers specified in the sixth Schedule to these Regulations 
shall have a protection zone of one hundred meters from the 
highest watermark of the river.  

(2) River not specified in the Sixth Schedule shall have a 
protected zone of thirty meters from highest watermark of the 
river.  

(3) No activity shall permit within protected zones without the 
written authority of the Executive Director (of NEMA).  

(4) Each local environment committee shall determine watering 
points and routes for animals to have access to the water in 
each river. 

30 Protection zones for lake 
shores. 

 All shores of lakes specified in the Seventh Schedule to these 
Regulations shall have a protected zone of two hundred meters 
measured from the low water mark.  

 All shores of lakes not specified in the Seventh Schedule shall 
have a protected zone of one hundred meters from the low 
water mark.  

                                                      
1 "wise use" means sustainable utilisation of wetlands in a way compatible with the maintenance of the natural 
properties of the ecosystem. 
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 No activity shall be permitted within protected zones without 
the written authority of the Executive Director (of NEMA). 

 Each local environment committee shall determine watering 
point and routes for animals to have access to the water in 
each lake. 

34 Environmental impact 
assessment 

(1) A developer desiring to conduct a project which may have a 
significant impact on a wetland, river bank or lake shore shall 
be required to carry out an environmental impact assessment 
in accordance with sections 19, 20 and 21 of the Act. 

 

In Article 11 (2) (b), cultivation less than 25% of the total area of the wetland is allowed, however, the 
area of “the total area of the wetland” is not clear.  Actually more than 25% of wetland is already 
cultivated in many wetlands.  Nevertheless wetland farmers who are cultivating illegally are not 
necessarily chased away by authorities.  It because, according to DWM, burdens on wetlands should 
be decreased gradually with wetland user’s understanding and cooperation based on the “wise use” 
concept. 

Rivers and lakes stipulated in sixth Schedule and seventh Schedule in Article 29 and 30 each are 
shown in below Table 1.2.1 respectively.  Rivers within the candidate site of the project are shown 
marked by *.  Length of protection zone for rivers and lakes can be assumed as a temporally measure 
put in nation widely due to lack of river information for protecting river bank.  Actual protection 
zone is supposed to be decided in stakeholder’s meetings to make a community wetland management 
plan with the consultation from DWM. 

Table 1.2.1 Rivers and Lakes Stipulated in Sixth Schedule and Seventh Schedule 

Rivers Lakes 
1 R. Nile from Lake Victoria to Lake Albert 1 L.Victoria 
2 R. Aswa 2 L. Kyoga 
3 R. Katonga  3 L. Albert 
4  R. Nkusi 4  L. Edward 
5  R Kafu 5  L. George 
6  R. Rwizi 6  L. Bisina 
7  R. Kagera 7  L. Mburo 
8 R. Mpanga 8 L. Bunyonyi 
9 R. Manafwa * 9 L. Kijanibarora 

10 R. Mpologoma 10 L. Kwania 
11 R. Semliki 11 L. Wamala 
12 R. Mubuku 12 L. Mutanda 
13 R. Mayanja 13 L. Marebe 
14 R. Sezibwa 14 L. Opeta. 
15 R. Malaba 15 L. Nabugabo 
16 R. Sipi * 16 L. Nkugute 
17 R. Namatala * 17 L. Katunga 
18 R. Sironko * 18 L. Nyabihoko 
19 R. Muzizi 19 L. Nakivale 
20 R. Nabuyonga   

 

(3)Institutional Framework on Wetlands 

The Wetland Management Department (WMD) in Ministry of Water and Environment is responsible 
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Figure 2.4 Result of Watershed Analysis 

(2) Hydrology and Design Lecture 

The training term was 2 days, 10th March 2016 and 11th March 2016, and the venue was Fair way 
hotel in Kampala. The purpose of training was for studying contents and concept of our project, and 
the participants were three people from MAAIF and five people from MWE. Lecture of hydrology 
analysis was given on fast day. Contents of the lecture are introduction of hydro-meteorological 
observation, 1-2 development of H-Q curve, analyses of observed data, and calculation of crop 
evapotranspiration using CROPWAT made by Food and Agriculture Organization of the United 
Nations (FAO), requirement aater & maintenance flow, and introduction to water balance calculation. 
The lecture of second day was mainly about design of irrigation facility, and determination of basic 
factor, design water requirement and irrigable area, layout and irrigation network schematic, hydraulic 
design of open channel were given. Discussion after the lectures was active and significant. The 
training gave a lot of knowledge of hydrology and design, and result of questioner shows the purpose 
of training was achieved. 
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