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Trend Flood Risk  
Category 

Yesterday’s Max. Level 5.63 -   

Yesterday’s Avg. Level 5.48 Rising   
Today’s “Morning water level” 
- 8am 

5.42 Rising   

Forecast average 
water levels  

8th May   2013 
5.47 

Falling   

9th May  2013 
5.44 

Falling   

10th May 2013 6.50 Rising   

FORECAST: HIGH RISK OF FLOODING  
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FLOOD MITIGATION 



Why “Flood Mitigation”  

Key to improving livelihoods and resilience to floods 
Reduce losses (lives, property and livestock, economic, …) 

The recurrent floods in the lower reaches of rivers Nzoia and Yala: 
•disrupted economic activities,  
•caused loss of assets (exacerbating poverty)  
•Caused loss of lives/death 
•led to the diversion of scarce resources from more developmental uses to support 
recovery and relief for flood victims.  

Build community resilience to environmental (Flood) 
hazards 

•A functional flood early warning system (FEWS) is a core component of Flood 
Mitigation. It entails real-time Monitoring, forecasting and timely dissemination of 
warnings 
•Other elements of integrated flood management include structural controls and 
non-structural measures such as:  

oCatchment management 
oMulti-purpose dam (flood control, hydropower generation, irrigation, water supply) 
oFloodplain management (dykes, river training, channel management, …) 
oBuilding Community-based disaster management capacity 
oMaking good use of flood waters 

 

 



SOME FACTS ABOUT THE NZOIA RIVER BASIN 



FLOOD EARLY WARNING SYSTEM 



SCIENTIFIC BASIS OF THE FLOOD EARLY WARNING 

SYSTEM 

A Real-time monitoring system:  
 Network of hydro-meteorological stations: rainfall, 

evapotranspiration and river levels 
 Rapid transmission of data 
 Meteorological Satellite images and Rainfall 

estimates; fast internet facility 
A Flood Diagnostic and Forecasting Centre 

 Real-time data acquisition: rainfall, river levels/flow, 
evapotranspiration,.. Receivers: Central Base 
Stations 

 Data processing 
 Analysis 
 Quantitative rainfall forecasts 
 River flow forecasting (models) 
 Decision making: Warning or No Warning? 
 Preparation of “Bulletin”: Warning message!! 

A Warning dissemination System 
 Mailing list, through Internet 

• Disaster/emergency management agencies (Government, 
Red Cross, NGOs, CBOs..), 

• Local leadership,  
• Schools, Hospitals 

 Community FM Radio Station (RANET): broadcasts 
warnings in local language 

 SMS (Mobile phones) 

HEAVY RAINFALL IN RIVER BASIN GENERATES RAPID 
RUNOFF, WHICH SOMETIMES CAUSES FLOODS; 

 The climate system transports water vapour from 
moist surfaces,(e.g. oceans, lakes, Congo forest) 
into the basin; 

 The water vapour is lifted to the “condensation 
level” to form clouds that precipitate/yield rainfall; 

 Due to climate variability, sometimes we get floods 
while at other times we experience droughts 
depending on available moisture/water vapour; 

 Floods are characterized by river levels higher than 
the river bank elevation leading to overtopping and 
the flood plain is inundated/swamped. 

HYDROLOGICAL /WATER CYCLE 

FLOODS 

CAUSE-EFFECT 
MAIN COMPONENTS OF 

THE NZOIA FLOOD EARLY WARNING SYSTEM 



FLOOD EARLY WARNING SYSTEM 
FLOOD DIAGNOSTIC AND FORECASTING CENTRE 

(FDFC)/CONTROL CENTRE 

• REAL-TIME MONITORING SYSTEM : NETWORK, 

EQUIPMENT AND TELEMETRY 

• AUTOMATIC DATA ACQUISITION SYSTEM: CENTRAL 

BASE STATIONS 

• DATA PROCESSING AND ANALYSIS 

• FORECASTING TOOLS/MODELS: DECISION SUPPORT 

SYSTEM 

• FORECASTING EXPERTS 

• WARNING DISSEMINATION SYSTEM 

=========================== 
• NATIONAL/INTERNATIONAL EMERGENCY RESPONSE AGENTS 

• COMMUNITY DISASTER MANAGEMENT: AWARENESS , FLOOD 

RISK MAPS, RESPONSE TEAMS, … 

• DISASTER EVACUATION ROUTES, SHELTERS, DYKES, FLOOD 

DIVERSIONS 



FLOOD MONITORING NETWORK 

AND EQUIPMENT 
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NZOIA BASIN REAL-TIME MONITORING SYSTEM: 

STATE-OF-THE-ART EQUIPMENT 

HydroMET Automatic Weather Stations 
(AWSs)  

•Flood monitoring equipment 

•Timely detection of heavy rainfall over the basin 

Automatic Radar River Level Stations 

• Flood monitoring equipment 
•Early detection of  dangerous water levels 

Meteorological 
Satellite Images   

• Detection of severe weather 



TELEMETRIC AUTOMATIC STATIONS:  

HYDROMET AWSs AND RGSs 



MANUAL RIVER LEVELS MEASUREMENT 

Description 

A staff gauge is used for measuring water 

levels in lakes, rivers, reservoirs, irrigation 

channels, flumes and other bodies of 

surface water. 

Designed for high accuracy & excellent 

readability. Special porcelain enamel 

coating offers rust & discoloration 

protection. It is a graduated plate (usually in 

centimeters) mounted on a pillar, pier or 

on a bridge beside and/or in the river or 

lake. Each plate is fixed relative to a datum 

determined using benchmarks (points of 

known elevation). Several staff gauges are 

installed depending on the expected/known 

range of river/lake/reservoir levels. 

STAFF GAUGE 



The measuring principle is based on the 

pulsed radar principle. Measurement is 

done in pulses, the so-called pulse 

procedure, where a transmitter sends 

out a short microwave pulse, followed 

by a period when the receiver picks up 

the signals reflected by the water. The 

received signal is conveyed to the 

integrated evaluation system. The time 

travelled by the pulse corresponds with 

the distance travelled to and from the 

surface of the water. 

AUTOMATIC RADAR WATER LEVEL SENSOR 



RIVER DISCHARGE/ FLOW MEASUREMENTS 

Required measurements: 

 

River flow velocity - 

CURRENT METER, (v m/s) 

at section 

River depth (h m), sounding 

rod or staff gauge 

River width (w m) 

River cross section area (A m2) 

  

Discharge, Q=ΣAivi 

(m3/s≡cumecs) 

 

Discharge measurements are 

used to develop a stage-

dischaerge relationship, also 

known as a rating equation or 

curve. Usually of the form, 

Q=a(h±c)b 



CURRENT METER 

Current meter parts 

•Sounding rod with scale to measure depth of river and depth of the current 

meter 

•Propeller 

•Connecting cable 

•Digital Display Counter, indicates the number of propeller revolutions (N) over a 

given duration. N will be higher for high velocities and low at low velocities. 

Current meter calibration equation relates N to velocity (of the form, v=a+bN) 

Methods 

•Wading, for small rivers 

•Boat, medium size rivers 

•Cable Way, large rivers 



ACOUSTIC DOPPLER CURRENT PROFILER (ADCP) 

 

 

 

 

 

 

The ADCP measures 

water currents with 

sound, using a principle 

of sound waves called the 

Doppler effect. A sound 

wave has a higher 

frequency, or pitch, when 

it moves to you than 

when it moves away. You 

hear the Doppler effect in 

action when a car speeds 

past with a characteristic 

building of sound that 

fades when the car 

passes. 

The ADCP works by transmitting "pings" of sound at a 

constant frequency into the water. (The pings are so highly 

pitched that humans and even dolphins can't hear them.) As 

the sound waves travel, they ricochet off particles suspended 

in the moving water, and reflect back to the instrument. 

Due to the Doppler effect, sound waves bounced back from 

a particle moving away from the profiler have a slightly 

lowered frequency when they return. Particles moving 

toward the instrument send back higher frequency waves. 

The difference in frequency between the waves the profiler 

sends out and the waves it receives is called the Doppler 

shift. The instrument uses this shift to calculate how fast the 

particle and the water around it are moving. 

 

Sound waves that hit particles far from the profiler take 

longer to come back than waves that strike close by. By 

measuring the time it takes for the waves to bounce back 

and the Doppler shift, the profiler can measure current 

speed at many different depths with each series of pings. 



EVAPOTRANSPIRATION 

Evaporation pan 



SOIL MOISTURE  

Why Monitor Soil Moisture? 

  

Monitoring soil moisture can help growers manage soil moisture. 

Choosing the right times and the right amounts to irrigate can lead 

to: 

•higher yields 

•better product quality 

•improved plant vigour 

•reduction in disease 

•more effective use of water (water efficiency) 

•reduced irrigation costs 

  

The soil moisture also influences the catchment response to rainfall 

i.e. runoff generation. 
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BASE STATION COMPUTER

GSM Network  (900/1800MHz)

Solar

Panel

PYRO
WS/WD

RG/TB
AT/RH

GSM Modem GSM Modem

X-Connect will poll the 9210
and update the Synoptic

User Interface with the
newest data. Connection use

radio.

BARO

SUTRON

9210 Data

Logger

REMOTE UNIT/
HYDROMET SYSTEM

HYDROMET  CENTRAL 
BASE SYSTEM

GSM NETWORK

Fig 13: Observer Window

10

Telemetric system for real-time meteorological and river level data acquisition  at the  
Flood Diagnostics and Forecasting Centre (FDFC) 

DATA DISPLAY 

DATA TELECOMMUNICATION SYSTEM/  

REAL-TIME TELEMETRIC SYSTEM 



AUTOMATIC DATA ACQUISITION AND 

VISUALIZATION  

AT  

FDFC/CONTROL CENTRE 



Observer Window 

CENTRAL BASE 

STATION AND 

MODELING 

SYSTEM 

27 

DATA COLLECTION AND DISPLAY AT THE 

 FORECASTING (WARNING) CENTRE (FDFC) 
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DATA DISPLAY – RIVER LEVEL 

Stage hydrographs (red-semogere and blue-Rwambwa) 

Alarm 

River level 
Data table 

Rainfall data table 

River level 
gauge 
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PROCESSING AND ANALYSIS  

Time Series and Spatial rainfall analysis -GIS 



OPERATIONS  AT THE FLOOD 

DIAGNOSTICS  

AND  

FORECASTING CENTRE [FDFC]  

SUMMARY 



CENTRAL BASE STATIONS 

FORECAST RIVER LEVEL CHART 

DATA ACQUISITION 

DATA DISPLAY – RIVER LEVEL 

SPATIAL RAINFALL ANALYSIS 

FLOOD FORECASTING 

FLOW FORECASTING MODELS 

MODEL INPUTS 
• Areal Rainfall 
• Discharge/River Flow 
• Evapotranspiration 
• Quantitative Precipitation Forecast (QPF) 

Use of Colour Codes:  
Green-No Risk 
Amber: Medium Risk 
RED: High Risk  
 

 
 

 

EARLY WARNING 
BULLETIN(Flood Watch) 

Description Range Colour 
codes 

Remark 

Flood 
Warning 
level (m) 

 >5.0 m   Above this point 
flooding can occur 

depending on 
strength of the 

dykes 

Alert levels 4.0 -5.0 m   Watch 

No  risk < 4.0m   Safe 

DISSEMINATION 
Email list 
The OP/Devolution Ministry: 
State Department for Special 
Programmes 
National Disaster Operations 
Centre (NOC) 
Red Cross 
Medical/Health/Schools 
Religious Org 
NGOs 
County/District/Community 
Disaster Management Committees, 
etc] 
Radio Broadcasts: Bulala RANET  
Community FM Radio Station 
WKCDD&FMP website WELL 

COORDINATED 

AND TIMELY 

RESPONSE PLAN 

J:/FEWS/Pres_FEWSSet2015/3Bulletins_FEW/FLOODWATCH_2013_05_09ww.doc


THANK YOU 


