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The use of GIS at the Division of Hydrology & Hydrogeology

® 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.
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Basic GIS hydrologic functions and datasets

® The most important GIS product for surface water resources
management is the Flow Accumulation Raster which is derived from a
DEM dataset. | ~ |
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Digital Elevation Model to Flow direction raster
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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

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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® Current Session
- * Flow Accumulation [204914_09122019]
#% Output accumulation raster: FlowAcc_Flowl
= © Inputs
@ Input flow direction raster: FlowDir_Filll
# Input weight raster: <empty>
= Output data type: FLOAT
@ [ Environments
5 (1) Messages
() Executing: FlowAccumulation FlowDir_Filll C:\Users\caristeidou\Documents\ArcGIS\Def
() Start Time: Tue Aug 27 15:02:50 2019
G_J Succeeded at Thu Sep 12 20:49:14 2019 (Elapsed Time: 389 hours 45 minutes 11 seconds)
[* Previous Session
™ Shared
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Delineation or Ia : 2 eI Prote

RefName 1 PLNZNT DES PLNANT STO | PLNANT HEl | PLNZNT DEN | PLNZNT COW
Eo2Z ZONH AZTIKOY KEMTPOY & 26.5 2 0.5
Eo3 LONH ATTIKCY KEMTPOY & 26.5 1.8 0.5
Eod LONH ATTIKOY KEMTPOY G 20.4 1.6 0.5
Eol ZONH ATTIKOY KENTPOY 12 35.5 2.2 0.5
M3-H3 ZONH MEAQPTIKH-OIKIETIKH 0 0 0 0
Eg2 ZONH EMNOPIKON KAIAMANON KENTPIKON AE & 26.5 1.8 0.5
ER3 ZONH EMNOPIKON KAIAMAAON KENTPIKON AE G 20.4 1.6 0.5
EBS ZONH EMNOPIKON KAIAMAAON KENTPIKON AE 3 11.3 1.2 0.5
Ef4 ZONH EMNOPIKON KAIAMAAON KENTPIKON AE 4 14.3 1.4 0.5
ERS ZONH EMNOPIKON KAIAMAAON KENTPIKON AE 3 11.3 1 0.5
Ef3a ZONH EMNOPIKON KAl AAA0N KENTPIKON AE & 14.3 1.8 0.5
EE ZONH EMNOPIKON KAIAMANON KENTPIKON AE 0 0 0 0
Efi7a ZONH EMNOPIKON KAIAMAAON KENTPIKON AE 0 0 0 0
EM ZONH EMMNOPIKON KAIAMAMON T NADON AP 2 8.3 0.5 0.5
KoTo ZONH KATOIKIAT 3 11.3 1 0.45
A ZONH KYBEPHHTIKON KTIPIGN 2 0 0.3 0.2
Be1 ZONH OIKONOMIKON APATTHPIOTHTON 2 0 1 3
BEZ ZONH QIKONOMIKON APATTHPIOTHTON 2 0 0.8 )
BE1 ZONH QKONOMIKON APATTHPIOTHTON 2 0 1 3
£1 LONH NPOITATIAY 2 8.3 0.05 0.05
£3 ZONH NPOITAIIAT 1 3 0.01 0.01
Hod ZONH NPOITAIIAL Z 7 0.1 0.1
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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.
Protection of river hydromorphology.

Protection of rivers from pollution and erosion

Protection of the wetlands and riparian ecosystems and forests.
Protection of the environment and scenery

S D a O
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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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s

River protection zones Aa3 mroposals for
Akamas Town Planning Zones

Bee
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Proposed Town planning river protection zones AA3 so far.
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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 reservaoir.
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A. Definition of the protection zone extend

Then two guestions 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

Two methodologies explored:

1. Using stream network
classification (Strahler)

2. Using stream catchment
area size.

N Bee 21
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1. Strahler stream network classification

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

- Very
II!'{E'“!-:""r' little Little rivers | Mean rivers ImFDrtant important Total length
eI e rivers
§§Lrg;lv[39@vr_ Oto Stralher 4 W 2 to Strahler 7 Strahler 8 Km

CYPRUS LSS

d id oa

Distribution of Strahler order

KOURIS

CORSICA 90% 1

FRENCH COTE
AZUR COASTAL
RIVERS .

FRENCH COTE aﬂ 1
AZUR COASTAL BV 40%

RHONE- 28 625 7 968

MEDITERRANEE 20%
DISTRICT 66.5% 18.5% 10% |

Table 2: Strahler range «

& m Very little rivers
g§’9 W Little rivers
9 O‘\Qf O Mean rivers
‘\c?\ & O Important rivers
ng/ W YVery important rivers
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2 . Using stream catchment area size

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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KOURIS (360 sub watersheds)

Percentile Value (km?)
Maximum 100% 22 307
P e e
| 95% 2837
90% 1.629
ard Quartile 75% 0.556
Median 50% 0173
1stQuartile  25% 0077
10% 0.044
2% 0.033
1% 0.006
Minimum 0% 0.002

Percentile distribution of sub-watershed

surfaces of first tributaries of Kouris
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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
2 3 km2 which also
corresponded well with the
Strahler classifications > 4.

Legend
|:| kouris_lake_max
=== Strahler_4_and_above
Strahler_larger_3
W {km2da
3kmda
i ers 2kmDA100mDEM

— nivers_network_50k
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B. 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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B. Zone Width definition and delineation

The final rules for the protection zone width were the following :

Slope in %
<3 % 3-10 % 10 - 20 % =20 %
Tributary | is composed of a riparian protection zone whose width is | Buffer zone extends as
buffer zone 100 m_ 200 m_ 300 m_ longasslopeis > = 20%
Reservoir Is composed of a riparian protection zone whose width is Untila bufferof 3 pixels of
slope smaller than 20%1s
buffer zone 300 m.

reached

Table 9: Close Protection Zone final proposal

In any case, care will be taken to stop the extension of the buffer zone iIf a slope
inversion is reached directing the flow away from the river or reservoir
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Zone Boundary delineation using ArcGIS and Hec-RAS

Slope inversion point identification using HEC-RAS
Graphic XS Editor - [EIX

File  Options
River |1 :l' 458,63, 4503 ﬂ [~ Peasistent Scale
FReach ‘1 j Fi5: ‘HDD j ﬂﬂ [~ Compare Geometry Files
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http://www.visualbee.com/upgrade.html
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‘K\ Slope

o=e|sE

% Input raster

% QOutput raster

Qutput measurement (optional)
DEGREE

Z factor {optional)

4 m

Slope

|dentifies the slope (gradient, or rate of maximum change in z-value) from each
cell of a raster surface.

b

Cancel ] [Environrnents... ] [ << Hide Help ] [ Tool Help

<VALUE:=
mp -3

B =.000000001 - 10
[110.00000001 - 20
I 20.00000001 - 151
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= final CPZ delineation.mxd - ArcMap - Arcinfo

Eile Edit Yiew Insert Selection Tools Window Help
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Reservoir protection Zones results

® The boundaries of the zones of the 13 drinking water reservoirs
are shown below.

N Bee E S = Google

32 I“'“ Data SIO, NOAA, U'S. Navy, NGA, GEBCO
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EU Flood Directive implementation

Identification of Areas of Potentially Significant Flood Risk

!

Preparation of Flood Hazard and Risk Maps for the APSFRs

!

Preparation of Flood Risk Management Plans
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15t Cycle of implementation in Cyprus

YNOMNHMA
° OL0EIC I0TOPIKWY TTANUUUPWYV
Meploxég Auvnmikou ZnpavrikoU Kivéuvou MAnpuopag
Morapoi peyeBoug Aekavng Ammopporig > 10 km2

:] Opia Emmapxiwv

| MoAeig
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Airborne LIDAR topographic survey

~N

(LiDAR survey specifications:
Flight altitude — 750-780 m AGL

Aircraft velocity - Maximum 140 knt.
Scan Angle - 20° AERIAL PHOTO
Average density of points - 1.0 points per m? (a
point each 1 m?)

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

\_ W
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Flood hazard depth map for each return period
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Flood Risk Maps
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Flood Risk Management Plan

Cost of measures per flood risk management aspect

The flood Risk Management plan
Defines targets for managing flood
risks and then measures on how to

achieve these targets. --
-
swtws | m| s
secmcmesswes | |
swtws | | armen
ES N

Flood Risk Management Estimated
Aspect cost (€)




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

Evaluation of all sources of flooding including :

Coastal floods

Fluvial (river) floods

Flash/ torrential floods

Pluvial/urban floods

Ground water floods

Artificially water bearing infrastructure floods

B O D



Coastal floods

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.

DTM_2014_1m

--5,-1 m amsl|
B -2 mams

Above 2 m amsl

3

Legend

DTM_2014_1 |
i =2 } Legend
- -5.-1 mamsl
- . | DTM_2014_1m
-2 m ams
- -5.-1 mamsl
[:I Above 2 m amsl
- 1-2 m amsl

'- Above 2 m amsl
\




Fluvial (river) floods

B Cyprus as a small island has small catchment sizes. Largest catchment
Pediaios with 1700 km2 and 2" largest Serachis 745 km?2

MéyeBog Aekavng
armropporg o km2

3.0-4.0
4.0-5.0
— 5.0-10.0
— 10.0-20.0
>20

AEKAVEG ATTOP PO G

"

Katavopr-TUNUAaT@V-noTapmy-Kal-udatopspdatmyv- ue-fAaon-T1o-pEyebog-Askavng-anoppong-Touc. -INnyec-0cdopsvwv- : - TAY, - TKXY




Fluvial (river) floods

B 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.




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 km?2.

river_Hame

Vazillkos &t kalavaszos

Geropotamos at Agios lias

Pedizios st Defters

May 2012

arko kalami konta stin Kizsonerga 5 2 30M 0r2006
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Pluvial (urban) floods

1

H‘

From: Willey online library

I:] Opia TOAEWV

I:l Opia ETrapxiwv
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s -5%
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o
Ground water floods T WATER GROUNDWATER
FLOODING

: L .
Rainwater flows®y RS River banks
over surface into

FLOODING

. %

overflow
Eventually,

’ g <t : Groundwater floods
: :?airl\water soaksd , the surface
slowly into groun : T A T S TR
& collects below 278 422 Water table &

water table - rises as :

: groundwater
increases

https://www.geolsoc.org.uk/

MoooTikr KatdoTaon Twv Zuotnudtwy Ytéyeiou Y dartog Tng Kitrpou
2014-2018

FuoTuara Yoyeiou 'Ydarog o€
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ere are arge da D egistered OLD
S C C U O U arge ba
000 O CUld C C C C - <A (
Cullen Where:
Formula _ p
V.SH %p H h*l.Blghl of dam o
o = 0r(1.4x105)+SL)°3Sh" L distance to community(ies) at
(10+(1. p “length” of community at risk
* Sh valley/floodplain shape factor
Thompson- & Clark-|  Where:
Formula
5,07 \Y capacity of reservoir
HiI = (V.H)™Z —
O 0 5x10°S,+51,)°2.Sh, S average valley slope
y p urban length along valley
Sh valley shape parameter




A LE Jed : 3 = DO
ere e 506 large da D ed ed OLD
& ONa 0 0N O arge Da
No Name eight] Capacity ope stance to ength of comm unity ape ullen Fermula ompson ar
{m) im3) (%) | community atrisk (m) atrisk (m) Factor (Sh)| Hazard Index Rank Hazard Index Rank

32 |Tamasos 33 2.800,000] 0.010 1700 14000 150 42.7 1 35625 1

11 |Polemidhia 45 3,400,000] 0.010 3000 3500 200 7.6 2 8808 3
16 |Yermasoyia 49 13,500,000{ 0.010 2000 3500 275 6.4 3 12788 2
9 |Kiti {(Tremithos) 22 1.614.000{ 0.005 2500 1000 140 2.7 4 1698 7
22 |Asprokremmos 53 52,375,000{ 0.005 1500 700 200 2.7 5 3145 5
17 |Lefkara 71 13.850,000{ 0.015 3000 700 180 2.6 6 2769 B
5 [Lefka 35 368.000{ 0.005 6000 1000 150 1.9 7 1164 13
30 |Arminou 45 4 300.000] 0.012 1800 500 150 1.8 8 1512 10
23 |Xyliatos 42 1.430.000] 0.010 2200 500 130 1.7 9 1110 14
28 [Kourns 110 ] 115.000,000] 0.010 3500 700 350 1.6 10 4132 4
24 |Kalavasos 60 17.100,000{ 0.010 8000 500 200 1.5 11 1515 9
15 |[Pomos 38 860.000{ 0.010 3000 600 150 1.5 12 1109 15
18 [Palekhon - Kambi 33 620,000) 0.015 10000 500 120 1.5 13 718 19
14 |Kalopanayiotis 40 363,000{ 0.015 11000 500 130 1.2 14 658 21
4 | Trimiklini 33 340,000{ 0.010 1200 500 150 1.0 15 893 16
33 |Kannaviou 75 18.000,000] 0.010 2000 200 175 0.8 16 843 18
25 |Dhypotamos 60 15.500.000{ 0.010 6000 500 300 0.8 17 1573 8
26 |Evretou 70 24 000,000] 0.015 2000 300 250 0.8 18 1430 11
12 [Ayia Marina 33 298.000{ 0.015 2200 300 150 0.6 20 502 23
19 |Akaki - Malounda 38 2.000.000] 0.010 3500 200 150 0.6 21 424 25
1 |Perapedhi 22 55,000{ 0.010 1500 500 150 0.6 19 0 32
3 |Pyrgos 22 285.000{ 0.008 4000 400 175 0.5 22 480 24
29 |Vizakia a7 1,690,000] 0.005 2000 300 200 0.5 23 596 22
27 [Akhna 16 6,800,000{ 0.005 6000 500 300 0.5 24 892 17
20 |Arakapas 23 129.000{ 0.015 2000 500 300 0.3 25 671 20
13 |Mavrokolymbos 45 2 180,000{ 0.015 2000 100 180 0.2 26 270 27
31 |Tsakistra 23 100,000{ 0.015 20000 100 100 0.2 27 81 30
6 |Athalassa 18 791,000 0.005 2500 1000 650 0.2 28 1414 12
10 |Liopetri 18 340,000{ 0.005 4000 100 130 0.2 29 109 29
21 |Ayii Vavatsinias 19 53.000] 0.010 10000 100 100 0.2 30 73 31
8 |Agros 26 99.000] 0.020 2000 200 250 0.1 3 276 26
7 |Argaka 41 990,000{ 0.005 3500 100 300 0.1 32 163 28
2 |Kandou 15 34,000( 0.005 3000 500 500 0.1 33 0 32




2"d Preliminary flood risk assessment and APSFR identification

Evaluation of significant flood events in the period 2011-2018
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2"d Preliminary flood risk assessment and APSFR identification
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2"d Preliminary flood risk assessment and APSFR identification
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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

a Hea May 2012
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Methodology for identifying APSFR’s

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

Methodology for

ivers that are located in development areas

Step 2 Select only r



http://www.visualbee.com/upgrade.html

Methodology for identifying APSFR’s

Step 3
Select only rivers that have a catchment larger than 5 km2

s

Bee
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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 :

Field visit and evaluation

Historical floods in area

Topography
Level of existing development using Sat images
Other GIS data such as critical infrasture, cultural heritage, pollution sources
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Final APSFRs
19 Areas were identinfied as APSFRS bringing the total number of APSFRS to 38
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Conclusions

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.
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