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1. The use of GIS at  the Water Development Department.
2. Basic GIS hydrologic functions and datasets
3. Recent GIS and remote sensing applications for Water Resources 

Management  in WDD:
a. Delineation of Town Planning river protection zones.
b. Establishment of Drinking water reservoir protection zones 
c.    Implementation of the EU Floods Directive
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Due to the nature of its workflow the Division of Hydrology & 
Hydrogeology of WDD has started using GIS a long time ago.

1998 – Use of Map info

2005 –Arcmap

2014 – ArcGIS server- EDAMS expansion to all WDD

The many years of experience and the large volume of GIS data 
accumulated over the years have made GIS an essential tool, 
used on a daily basis to support almost all of the functions and 
workflows of the WDD.

The use of GIS at the Division of Hydrology & Hydrogeology
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Basic GIS hydrologic functions and datasets
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The most important  GIS product for surface water resources 
management is the Flow Accumulation Raster  which is derived from a 
DEM dataset. 

The FAC shows the catchment 

size of each raster cell of the DEM.

It is very useful because it gives

direct information about the

hydrographic network, watershed

boundaries and catchment size at 

each location  which are essential

for water resources and flood risk

management.
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Digital Elevation Model to Flow direction raster
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images from ArcGIS user  manual
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Digital Elevation Model to Flow Direction raster 
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Flow Direction Raster to Flow Accumulation Raster
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images from ArcGIS user  manual
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Flow Dir to Flow Accumulation 
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Flow Accumulation products at WDD
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We have created three Flow 
Accumulation products with 
Country wide coverage for 
Cyprus from  20 m DEM,  5m 
DEM  and 1 m DEMs.
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2014  High accuracy  LIDAR  1m DTM  derived FAC.
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Delineation of Town Planning river protection zones.
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Establishment of Town Planning river protection zones.

The goals for establishing the zones are :

a. Reduce flood risk exposure
b. Maintain flood plains for natural water retention and flood      

attenuation and flood protection of downstream areas.
c. Protection of river hydromorphology.
d. Protection of rivers from pollution and erosion
e. Protection of the wetlands and riparian ecosystems and forests.
f. Protection of the environment and scenery
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Procedure for establishing the zones

Step 1. 
Decide which rivers need to be protected with Town Planning Zone.
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Procedure for establishing the zones

Step 1. 
Catchment size is used as criterion for initial selection  with threshold of 1 km2  
Using FAC as guidance delete all cadastral rivers with smaller catchments.
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Procedure for establishing the zones

Step 2. 
A buffer of 12.5  meters is applied on each side of registered stream bead. This is 
the minimum width of the TP protection zone.
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Procedure for establishing the zones
Step 3. 
Adjust boundaries of zone manually in GIS using :

1. Flood maps (if exist in area)
2. Satellite images to identify riparian vegetation and river sediment and existing 

development such as roads or buildings.
3. Digital elevation models and contours to identify stream beds and floodplains
4. Other GIS layers
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River protection zones Δα3 πroposals for 
Akamas Town Planning Zones
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Proposed Town planning river protection zones ΔΑ3 so far.
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Η μελέτη

Drinking water Reservoir protection Zones

• The ideal protection zone of  a 
reservoir is its whole catchment area.

• The most important areas within the 
catchment that need to be protected 
are the area around the reservoir 
where direct flow in the reservoir 
occurs and the areas around the main 
rivers that bring most of the volume of 
flow in the reservoir.
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A. Definition of the protection zone extend
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Then two questions need to be 
answered:

1. How do we define the most 
important river segments in the 
catchment that need to be protected?

2. What should be the width of the 
protection zone around the river 
segments that will be protected?
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Question 1 : Definition of the significant river segments that need 
to be protected
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Two methodologies explored:

1. Using stream network 
classification (Strahler)

2. Using stream catchment 
area size.
.
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1. Strahler stream network classification
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All the stream segments within the catchment areas of all reservoirs were classified using 
the Strahler method and Acgis tools  and then a statistical analysis was performed.
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Strahler Classification statistical analysis
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2 . Using stream catchment area size
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The catchment size of main stream segments within the 
reservoir watersheds were calculated using the ArcHydro
extension of ArcGIS and a statistical analysis was performed.
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A comparison of the results of 
the two methods was 
performed  and it was decided 
to include in the protection 
zone the stream segments 
with a cathment area size 
≥ 3 km2 which also 
corresponded well with the 
Strahler classifications ≥ 4.
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Β. Zone Width definition and delineation

After a literature review the width of the protection zone was decided 
to be set proportional to the stream bank slope (Most common criterion 
used in many countries).

Slope is easily measurable parameter

The highest the slope the highest the erosion and the pollutant 
transport from the soil into the water and then into the stream
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Β. Zone Width definition and delineation

The final rules for the protection zone width were the following :
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Zone Boundary delineation using ArcGIS and Hec-RAS

Slope inversion point identification using HEC-RAS
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4. Σχεδιασμός ζωνών 
Κανόνες καθορισμού ορίων ζωνών
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Reservoir protection Zones results

The boundaries of the zones of the 13 drinking water reservoirs 
are shown below. 
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Περιεχόμενα 
Παρουσίασης
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EU Flood Directive implementation
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1st Cycle of implementation in Cyprus
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Airborne LIDAR topographic survey
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LiDAR survey specifications:

Flight altitude – 750-780 m AGL

Aircraft velocity - Maximum 140 knt. 

Scan Angle  - 20°

Average density of points - 1.0 points per m² (a 

point each 1 m²)

Overlap between exposures – 25%

Data recording - first, second, third and last 

pulse, Intensity for each echo.

Elevation accuracy target – 0.15m

Position accuracy target – 0.4m

The LiDAR data strip width: 680m



Hec- HMS rainfall runoff model

39



Flood hazard depth map for each return period
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Flood Risk Maps
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Flood Risk Management Plan 
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The flood Risk Management plan
Defines targets for managing flood 
risks and then measures on how to 
achieve these targets. 
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Evaluation of  all sources of flooding including :

1. Coastal floods
2. Fluvial (river) floods
3. Flash/ torrential floods
4. Pluvial/urban  floods
5. Ground water floods
6. Artificially water bearing infrastructure floods

2nd Preliminary Flood Risk Assessment and 
identification of Areas of Potentially Significant 
Flood Hazard.



Coastal floods
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Coastal flooding is the 
result of a combination 
of :

1. Storm surge
2. Astronomical tide
3. Wind driven waves

Storm surge and 
astronomical tide are 
small in the 
Mediterranean 
compared to open 
oceans.

Height of wave is 
related to wind 
strength and Fetch.

Only west coast 
exposed to large Fetch



■ Low elevation urban 
areas are in Larnaka
not on the west coast. 

Coastal floods
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of :



■ Cyprus as a small island has small catchment sizes. Largest catchment 
Pediaios with 1700 km2 and 2nd largest Serachis 745 km2 

Fluvial (river) floods
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■ Due to semi arid climate and large number or reservoirs in most 
catchments, only mountain streams are perennial and downstream in 
urban areas almost all rivers become ephemeral. 

Fluvial (river) floods
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May 2012 48

Flash floods

By analyzing the historical flood events that have caused the 35 
fatalities in Cyprus it was determined that the smallest of the 
streams had a catchment size of 8 km2 while the average catchment 
size was 91 km2.
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From: Willey online library

Pluvial (urban) floods
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https://www.geolsoc.org.uk/

Ground water floods
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There are 56  large dams in Cyprus registered in ICOLD 
(International Commission on Large Dams) 

Flood risk from dam failures was assessed using :

Artificial water bearing infrastructure floods
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There are 56  large dams in Cyprus registered in ICOLD 
(International Commission on Large Dams) 

Artificial water bearing infrastructure floods
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2nd Preliminary flood risk assessment and APSFR identification
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Evaluation of significant flood events in the period 2011-2018



2nd Preliminary flood risk assessment and APSFR identification

54



2nd Preliminary flood risk assessment and APSFR identification
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May 2012 56

Methodology for identifying APSFR’s

• The number or rivers that can cause Flooding is very large 
but the severity of problems that these rivers can cause is 
proportional to the peak flow, volume of water and velocity 
of water they can carry during extreme storm events. 

• An indicator for the volume of water and peak flow a 
stream can carry is it catchment area size.

• From historical floods experience the threshold of 
catchment size of significant floods was defined at 5 km2
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Methodology for identifying APSFR’s

Step 1- Development zones are isolated from the Town 
Planning zoning.
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Methodology for identifying APSFR’s

Step 2 Select only rivers that are located in development areas
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Methodology for identifying APSFR’s

Step 3
Select only rivers that have a catchment larger than 5 km2
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Step 4 
The stream segments are evaluated one by one to decide whether the specific 
river segment should be included in the Potentially Significant Flood Risk Areas  
using :
1. Field visit and evaluation
2. Historical floods in area
3. Topography
4. Level of existing development using Sat images
5. Other GIS data such as critical infrasture, cultural heritage, pollution sources  

etc.
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Final APSFRs
19 Areas were identinfied as APSFRS bringing the total number of APSFRS to 38 
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Today the use of GIS is essential for increased productivity 
and effectiveness in the sector of Water and Environmental 
management.

The availability of satisfactory GIS data is required in order 
to exploit the potential of GIS.

Conclusions
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Thank you for your attention
Questions;   

Kanaviou reservoir
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