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The purpose of developing the StaticTool method and the computer application
StaticTool.xIsm is to enable the estimation of the effects of the implementation of a program of
natural small water retention measures (PONSWRM, Program of measures) in a simplified way,
which does not requir e the time -consuming and costly development of detailed models,
hydrological or / and hydraulic, of the analysed catchment. Method is making use of a grading

based on expert knowledge and is used to compare variants of the NSWRM program.

The potential effe cts of individual NSWR measures may be different, depending on the
climatic and physiographic conditions (e.g. slopes, ground permeability) of the analysed area, so
the method parameters should be adapted to local conditions (climate type, landscape type). The

StaticTool method thus consists of two parts:

x developing method parameters for local conditions,

x estimation of the effects of activities planned under the  Program of Natural Small Water
Retention Measures

The StaticTool method assumes that the expe cted effect of the PONSWRM is to improve
catchment retention properties, which is understood as increasing low flows (LowQ), reducing
high flows (HighQ) and/ or limiting the load of pollutants yielded from the catchment area (Qual).
This effect depends on the planned measures, in particular: i) their type and ii) the level of
intensity. The measures included in the StaticTool method are summarized in the local catalogue
of measures. For each measure, an intensity criterion is formulated, and threshold valu es are
defined that correspond to the characteristic intensity levels (low, medium, high). Each measure
is also assigned the expected improvement of retention properties of the SPU, expressed on a
point scale (0 - 5 points). The greatest improvement that ¢ an be achieved (maximum points for a
given measure) corresponds to the implementation of the measure with maximum intensity. For
lower intensity levels, the assigned grades are proportional to the level of intensity of planned
measure. Hence, developing parameters of the StaticTool method means defining a set of
functions that make grade assessment dependent on the type of planned measures and their

intensity for each measure from the local catalogue.

The StaticTool method and the StaticTool.xlsm applicatio n were developed as part of the
project FramWat, Work Package T2 (Effectiveness of the Natural Small Water Retention Measure),
activity A.T2.2 (Developing the GIS based method to assess cumulative effect of N(S)WRM at the
river basin scale), deliverable D. T2.2.1 (Static method to assess cumulative effect of N(S)WRM in
the river basins). A detailed description of the methodology is in a separate file created by the
author of the program. This report presents the results of testing the static method to assess
cumulative effect of N(S)WRM via developed application (program) StaticTool.xlsm for the Slovak
Pilot Catchment ofthe Blh 5LYHU ZLWKLQ 60DQi 5LYHU %DVLQ
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2. DESCRIPTION OF INPUDATA PREPARATION

The first step of the work with the StaticTool .xlsm program, it was necessary to specify the
N(S)WRMypes, for which calculations will be carried out for expert variant and for variant of
local preferences. There were used measure types proposed within Concept plan preparation and
these are showed in Fig.1 for both expert variant and for local preferences variant. For more

information on variants see report on Concept plan preparation ( 4).
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Fig. 1 Type and localization of measures proposed for expert variant and for local preferences variant
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The types of measures are showed also in the table below (Tab. 1) and for all chosen

individual measures the basic characteristic necessary to quantify criter

Statictool.xIsm application are calculated.

ia in the next steps of

Tab. 1 Basic parameters of proposed measures for expert variant (Exp) and for local preferences variant (Loc)

Code | Variant | Type NSWRM Name Parameters Cl:\lostilr:/tRol\];l ?r:z]a L[i?r?]th
tesne siate plodiny sa
*SE] i-° E] |
Strip cropping %0} Jv u] A u]v
AO4 | Exp along contours “ El %15 A 54 915 -
v -l u_ e /]S
u o]}E vVvEuU]
I &] v]u]le v
Regulated }% SE v] v &
outflow from } 8} AYC 1 @E
DO1 |Exp drainage systems +Ce+3 U}A 8 1268| -
} SE v v] ]JVA
EUZIA E *50_
Wetland AE- % €A} VE
restoration and EuzZ}A E A_v
NO2 |Exp management 0- VC Z [}eC-§ 15 225 -
Floodplain
restoration and
NO3 |Exp management 4 priepusty 4 115 -
Z}lo}Zz v EI W
Polders, dry floog Z U ol}A | %
protection 166011 uiu pll
reservoirs, priehrady- asi 643 m,
sediment AE“l Alzq dno v
T1 Exp trapping dams %}0 @& W 9%doliny-6m 1 30,35 -
Z}lo}z v EI W
Polders, dry floog Z U ol}A | %
protection T6Aiil uiu pll
reservoirs, priehrady- asi 1041 m,
sediment AE“l AlZq }u v
T1 Exp trapping dams %}0 E ,EYdoliny-10m 1 28,67 -
Z}lo}z v EI W
Polders, dry flooo Z U ol}A | %
protection iAiotii uiu pll
reservoirs, priehrady- asi 761 m,
sediment AE“l AlzZzq }u v
T1 Exp trapping dams % }o & ,EYdoliny-7m 1 18,08 -
AEe E A v v
Buffer strips and SE vy ZE& |
A02 |Loc hedges Ivanice 1 2 15
tesne siate plodiny sa
*SE] i-° E] |
Strip cropping %0} Jv u] A u]v
A04 | Loc along contours “ El %15 A 2 162 -
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Code

Variant

Type NSWRM

Name

Parameters

Count of
NSWRM

Area
[ha]

Length
[km]

D05

Loc

Infiltration
reservoirs and
ditches (similar tc
N13)

“© @6 uUu pll ¢

3,7

D05

Loc

Infiltration
reservoirs and
ditches (similar tc
N13)

“ El &1 uU pll

3,23

D05

Loc

Infiltration
reservoirs and
ditches (similar tc
N13)

“ @&l i uU pll

2,31

D05

Loc

Infiltration
reservoirsand
ditches (similar tc
N13)

“ El 76 uU pll

1,2

D05

Loc

Infiltration
reservoirs and
ditches (similar tg
N13)

it uu pll

1,21

D05

Loc

Infiltration
reservoirs and
ditches (similar tc
N13)

“ ®| 86 uU pi

3,41

D05

Loc

Infiltration
reservoirs and
ditches (similar tg
N13)

2,2

D05

Loc

Infiltration
reservoirs and
ditches (similar tg
N13)

“ @&l oi uu pll

5,08

D05

Loc

Infiltration
reservoirs and
ditches (similar tc
N13)

“ @&l i uU pll

3,64

FO1

Loc

Forest riparian
buffers

AE- *SE}up
O uSE}A ~A«
i 0" o

161

27,63

FO5

Loc

Land use
conversion

dubovobrestove
i e VIA v_1]vv
lesy

79

NO1

Loc

Basins and pond;

ET W iy
| % 135 VI
ioi uU

Rozlohav
ol}A
uiu pll

101 m

1,82

NO1

Loc

Basins and pond;

Z}lo}z v EI W
OI}A | % 135 V
uilU pll i08 uU

88 m

1,44
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: Count of | Area | Length
Code | Variant | Type NSWRM Name Parameters NSWRM| [ha] km]
} SE v]wA IvC
EUZIA E *50_
Wetland AE-. % €A} VE
restoration and EuzZ}A E A_v
NO2 |Loc management 0- VC Z 1}eC+*S§ 3 240 -
NO4 |Loc Remeandering 1 161| 27,63
Stream bed re
NO5 |Loc naturalization 2 16,34 2,33
Widenning or
removing of flood
T2 Loc protection dikes 1 161 -

At the initial stage, individual N(S)WRMs were merged under one (of the same) type and then

aggregation was performed. Aggregated measures include a group of measures whose

implementation in a similar way improves the retention properties of the catchment area, and

assessment of the effects of in dividual activities, without detailed field or model studies at the

current level of knowled ge, is not possible. For the expert variant 4 records (A04 2WRALjNO2,

NO3 2ERjDO1- BPDAT1)were received and for the local preferences variant 10 records (A02 jA04

tWRAL;&1ij &NAfj
Tab. 2 and Tab. 3).

Tab. 2 Aggregated measures identification

Eifii EER;

Eidj HBARG

2expert variant

1 ABPDAT2)for variant local , see records in

No | Individual Individual measure name Aggregated Aggregated measure name
measure |ID measure 1D
1 A04 Strip cropping along contours WRAL WRAL- best practices for Water Retention
in Agricultural Lands
2 NO2 Wetlands restoration and ER ER- Ecosystems Restoration /
management renaturisation of water dependent
ecosystems
3 NO3 Floodplain restoration and ER ER- Ecosystems Restoration /
management renaturisation of water dependent
ecosystems
4 D01 Regulated outflow from BPDA BPDA- Best Practices on Drained Areas
drainage systems
5 T1 Polders, dry flood protection T1 Polders, dry flood protection reservoirs,
reservoirs, sediment trapping sediment trapping dams
dams

Tab. 3 Aggregated measureidentification

2|ocal preferences variant

No | Individual Individual measure name Aggregated | Aggregated measure name
measure ID measure |D

1 A02 Buffer strips and hedges A02 Buffer strips and hedges

2 AO4 Strip cropping along contours WRAL WRAL- best practices for Water

Retention in Agricultural Lands

3 FO1 Forest riparian buffers FO1 Forest riparian buffers

4 FO5 Land use conversion AF AF - Afforestation

5 NO1 Basins and ponds NO1 Basins and ponds
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No | Individual Individual measure name Aggregated | Aggregated measure name
measure ID measure |D
6 NO2 Wetland restoration and management ER ER- Ecosystems Restoration /
renaturisation of water dependent
ecosystems
7 NO4 Re-meandering NO4 Re-meandering
8 NO5 Stream bed re-naturalization BPRC BPRC2natural channels and Best

Practises of River Channels
maintenance

9 D05 Infiltration reservoirs and ditches BPDA BPDA- Best Practices on Drained
Areas
10 T2 Widening or removing of flood T2 Widening or removing of flood
protection dikes protection dikes

In the local preferences variant there exist only one individual measure relevant to one type
of aggregated measure, so in fact no aggregation of measures in necessary and codes of individual
measures may not be necessary replaced by codes of aggregated measures in the calculation
below.

For each measure, the intensity criteria and the threshold values for characteristic intensity
levels were defined. According to the assumptions of the StaticTool method, the expected
improvement in the catchment retentio n properties depends on the type and level of intensity of
SODQQHG PHDVXUHYV 7KUHH OHYHOV RI PHDVXUHV:- LQWHQVLW\ ZHUH Gl
They correspond to three levels of the expected improvement in the catchment retention
properties (e. g. small, average and large). Four threshold values were used: TO 2no action, Tlow
2the boundary between low and medium intensity, Thigh  2the limit between medium and high
intensity and Tmax, which corresponds to the hypothetical maximum possible intensity of
measure. There were determined expert assessments of the impact of aggregated measures on
three elements of the catchment retention properties (low flows, high flows and erosion), with
PD[LPXP LQWHQVLW\ RI PHDVXUHV . DSS Ooildd aRyEneréllassessm@dV QHHGHG V
of measures (three above-mentioned elements together) and defining effect coefficients for lower
than maximum intensity of measures. For the assessment of the impact of aggregated measures
on three elements of the catchment r etention properties a 6 -grade scale was adopted from 0 to
5, where:
X 0-means no positive impact on the retentigmopertiesof the catchment area, and
X 5 tmeansvery high positive impact on the retentigmopertiesof the catchment area
The tables below show the parameters used for calculations in the expert and local

preferences variants (Tab. 4- Tab. 7).
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Tab. 4 Impact of measures on three elements of the catchment retention  properties 2expert variant
Low High ual
No | Code Aggregated measure name g Q . AVG
flows flows Erosion
WRAL- best practices for Water Retention in Agricultural
1 | WRALAO4 P g 0 2 4 2.00
Lands
ER- Ecosystems Restoration / renaturisation of water
2 |ER v 0 5 4 3.00
dependent ecosystems
3 BPDADO1 | BPDA- Best Practices on Drained Areas 2 3 2 2.33
Polders, dry flood protection reservoirs, sediment
4 |11 1S iy Tood p 0 5 3 2.67
trapping dams
Tab. 5 Impact of measures on three elements of the catchment retention properties - local variant
Low High ual
No Code Aggregated measure name g Q . AVG
flows flows Erosion
1 A02 Buffer strips and hedges 1 1 3 1.67
WRAL- best practices for Water Retention in Agricultural
2 | WRALAO4 P g 0 2 4 2.00
Lands
3 FO1 Forest riparian buffers 0 1 3 1.33
4 AF/FO1 AF - Afforestation 3 3 4 333
5 NO1 Basins and ponds 3 3 2 267
ER- Ecosystems Restoration / renaturisation of water
6 | ERINO2 y 0 5 4 3.00
dependent ecosystems
7 NO4 Re-meandering 0 2 2 133
BPRC2natural channels and Best Practises of River
8 BPRC/NO5 . 4 4 2 3.33
Channels maintenance
9 BPDA/DO5 | BPDA- Best Practices on Drained Areas 0 2 2 133
10 T2 Widening or removing of flood protection dikes 0 3 3 2.00
Tab. 6 List of parameters for measures in expert variant
Agzrezh 4 Intensity thresholds Grade thresholds [3] Grade values
Mo sort_AVG No Measure ID | Aggregated English Definition of the intensity criteria in English TO Thow Thigh Tmax |Grade_max| E3%0 Elflow | E%high | E3tmax ED Elow Ehigh | Emax
Arable land area on which best practices of water
1 1 WRAL agricuiture retention are appied and SPU area ratio 0,00 0,30 0,50 1,00 1] 30 BO 100 0,00 1,20 3,20 4,00
[kmz/kmz]
Total area of restored (and managed) wetiands,
4 2 ER swamps floodplains and reconnected ox-bows and SPU 0,00 0,10 0,40 1,00 o 80 o5 100 0,00 3,00 4,75 5,00
area ratio [kmz/kmz2]
H 3 BFDA drainage systems ::::_:—:“:‘:::‘:ﬂ TR 0,00 0,05 0,15 1,00 o 80 =5 100 0,00 2,40 3,50 4,00
3 a TL Poiders, dry flood protection reservoirs, :‘fﬁl::::::p;i:jg:i;jmﬁ-’ 0,00 0,05 0,20 1,00 o 80 =5 100 0,00 3,00 4,75 5,00
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Tab. 7 List of parameter s for measures in local preferences variant

Azzrezhl 10 Intensity thresholds Grade thresholds [5] Grade values
Mosort AVG | Mo Measure ID | Aggregated English Definition of the intensity criteria in English To Thow Thigh Tmax |Grade_max| E%0 | e%ow | e¥high | E¥max | E0 Blow | Ehigh | Emax
Buffer strips density - total lenght of strips and
5 1 a0z Buffer stips and hedges e densty e 0,00 0,50 2,00 5,00 3 [} 0 95 100 0,00 1,80 2,85 3,00
SFU area ratio [km/kmz]
Arable land ares on which best practces of water
5 = AD4 Strip cropping akong contours retention are appiied and SPU area ratio 0,00 0,30 0,50 1,00 3 L] 30 50 100 0,00 0,50 2,40 3,00
[km2/kmz]
§ Total lenght of forest riparian buffiers and doubied
2 5 FoL Forest riparian buffers . 0,00 0,30 0,70 1,00 2 L] 30 70 100 0,00 0,80 1,80 2,00
enght of water courses in SPU ratio [km/km]
§ Mewty sfforested area and SPU ares ratio
10 a Fo5 Land use conversion 0,00 0,05 0,20 1,00 [} 0 95 100 0,00 3,00 4,75 5,00
[kma2/kmz]
Total area of basin and ponds and SPU area ratio
3 5 o1 Basins and ponds . 0,00 0,01 0,10 1,00 L] 60 =5 100 0,00 2,40 3,80 4,00
[km2/kmz]
Total area of restored {and managed) wetiands,
s 5 o2 Wet'and restoration and manzgement | ficodplaing and reconnected ox-bows and 5PU 0,00 0,10 0,40 1,00 L] 80 B 100 0,00 3,00 4,75 5,00
area ratio [km2/km2]
_ X Total length of re-meandered water bodies and
£l 7 noa Re-meandering - y . 0,00 0,30 0,50 1,00 2 0 30 50 100 0,00 0,60 1,20 2,00
water bodies length in 5PU ratio [km/km]
Total length of restored water bodies [naturs
4 B oS Stream bed re-ngturaization stream bed, bank protection removal, etc) and 0,00 0,20 0,50 1,00 2 L] 20 50 100 0,00 0,40 1,20 2,00
water bodies lenzth in SPU ratio [km/km]
y . . § Drained ares under Best DA Fractices and SFU
1 s Dos Infiitration reservairs and ditches [similar 0,00 0,05 0,15 1,00 2 [} 0 95 100 0,00 1,20 1,90 2,00
ares ratio [km2/km3]
- Active fioodplain area and max [during HHQ)
10 T2 Widening or remaving of flood protection) 0,00 0,05 0,20 1,00 3 L] 60 =5 100 0,00 1,80 2,85 3,00

fioodplain ares in SFU ratio kma2/km2]

For each planned measure (in SPUSs), its intensity was given, expressed in accordance with
the adopted intensity criterion definitions. For each SPU in the columns corresponding to
individual measures, there was provided their intensity, with the value 0 - meaning no measure
in the given SPU will be realized , and 1 2planning the measure with the maximum possible

intensity. Intensity levels for 40 SPUs were determined for the BlIh  pilot catchment.

Defining the measures of the intensity and determining the thresholds for the characteristic
levels of intensity (low, medium, high) was done with methodology developed by the company
Pro-Woda (Tyszewski S. 2019).

Further the external expert with local knowledge and experiences in the field of assessment
the efficiency of natural small retention measures was con tacted and proposal of efficiency of
each of measures defined in the catalogue of measures in more consultation rounds. There was
assessed the potential effect of each measure within the five grade scale where 0 means no effect
to particular goal and 5 means the maximum effect for particular goal. As the impact of different
types of flood protection is different for  small and extreme events, there was prop osed to provide
assessment for five groups of goals:

- low flows

- quality

- high flows- small flood4Q1-Q10

- high flows- medium floodgQ10-Q50

- high flows- extreme flood4Q50-Q1000
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For the water management structures there was proposedto divide measure T3 into two sub -
groups:

- bigger and medium size water reservoirs
- smallshallowwater reservoirs and fishpondkess thanl 000 n¥)

The results of Mr. Marek omaj from Water Research Institute are showed in the Annex.

Further the d iffer ent alternatives of measures proposed for local preferences variaant were

examined. These are three alternatives assuming that:

a. Alternative a) - As criteria there was used 'km?km 2 pinstead ‘km/km 2 pfor measures

FO1, NO4 and NO5and "km/km pfor measure AO2 According the developed methodology

for each planned measure (in SPUs), its intensity is given, expressed in
accordance with the adopted intensity criterion definitions. This alternative is
relevant only for some of measures proposed within local pref erences variant.

b. Alternative b) - For each of the variant we triedtoselect RQO\ "PRidiesmt RHDV XUHV u

for high flows, low flows and quality

c. Alternative ¢) 2based on results of consultation with national expert on concretizing the
effects of measures for particular goals taking into account different discharges in rivers
varying from Q10 up to Q1000 was ceated the alternative to minimize impacts of low

flow conditions .

The scope of testing is to compare improvement of valorization results for entire pilot area
or for individual SPUs. The valorization results are calculated according Valorization method
developed within project, for more information see (3 ). Results of catchment valorization are
shown in Fig. 1 where needs and possibilities of water retention are calculated for each particular
SPU inthe Blh pilot catchment.
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Fig. 2 Map of needs and possibilities of water retention in SPUs

4.1. For the expert variant
Type and localization of a Il the measures proposed for the expert variant in particular SPUs

are showed in Fig. 2.

The results of the assessment were obtained from the Sta ticAssessment table of
StaticTool.xIsm. This table contains the cumulative assessment for the entire pilot catchment and
partial assessments for each group of measuresand for each SPU

The obtained results show that the highest impact on the final grade had aggregated
measures- best practices on drained areas (BPDA = 30.80, then other 3 measur es had significantly

lower impact: Ecosystems Restoration/ renaturisation of water dependent ecosystems (ER =

Page13



FramWat

12.51), Polders, dry flood protection reservoirs, sedi ment trapping dams (T1 = 6.00) and lowest
impact on the finale grade had aggregated measures - best practices for Water Retention in
Agricultural Lands (WRAL = 5.78).In order to assess a single SPU while taking into account the size

of the catchment area, additional calculations were made according to the following equation
638 JUDGHV )B638 Q )B638 7KH UHVXOWY DUH VKRZQ LQ 7DE

The greatest impact on the final assessment had SPU 02, 09, 38which are characterized by
high values of SPU grade and used measuresThe SPU rating which does not take into account the
area showssimilar results: the highest rating was obtained by SPU 38 in which measurements like
ecosystems restoration and water retention in agricultural lands are planned. In a situation where
the SPUs have different sizes, comparing their ratings is questionable. The final rating for the
catchment also depends largely on the size of the SPUs. This variant contained a large number of
measures with low efficiency, therefore the SPU assessment results are spatially dispersed and

their discrepancies are small. The overal | rating for this option is 1.77 .
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Tab. 1. Assessment of the effectiveness of the expert variant

m 4 Grading of the Program of Small Water Retention Measures
E Number of 20 e § 2 3 a Catchment gra_de for current
| SPUs vanant
Grade for a measure (total by SPUs): | 5,78 12,31 | 30,80 6,00 1,54
Measure Id b 2rade
No. SPUId |SPUname User * | wea R oA i SPU grades S::JF 0
F_SPU [km®] [kmz/km2|km2/kmz{kmz/kmz2|km2/km2 JEIF_SPU
1 [ spu ot | [ 779 | o011 | 038 | | 23a | 2,82 | o,093413
2 SPU_02 7,33 0,02 3,09 2,35 5,46
| 3 SPU_D3 7,27 0,93 0,93 0,02887E
a4 SPU_O4 2,35 0,21 1,48 1,77 3,47 0,137861
5 SPU_OS 8,22 0,04 1,53 1,32 2,89 0,100052
7 SPU_07 4,23 2,45 2,46 0,044255
8 SPU_OE 7,85 0,42 0,42 0,014087
g SPU_0% 17,20 0,01 3,28 3,29
: 10 SPU_10 4,58 0,08 0,08 0,001612
| 11 SPU_11 13,27 0,07 1,00 0,95 2,02 0,114010
| 12 SPU_12 5,52 0,05 3,85 3,91 0,142017
13 SPU_13 5,29 0,05 3,83 3,87 0,098555
14 SPU_14 10,10 0,08 0,24 1,18 1,51 0,054549
15 SPU_15 5,80 0,58 2,65 3,34 0,125058
* 15 SPU_16 0,04 3,88 3,98 0,000704
. 17 SPU_17 0,52 0,12 0,12 0,000325
k 18 SPU_18 10,22 0,00 0,00 0,000167
| 20 SPU_20 6,17 0,86 0,86 0,022615
21 SPU_21 5,54 0,40 0,40 0,009875
, 22 SPU_22 2,29 0,15 0,16 0,001551
| 25 SPU_25 5,52 0,20 0,71 0,91 0,026254
| 25 SPU_25 5,61 0,08 0,08 0,001851
| 27 SPU_27 5,45 0,03 0,03 0,001137
28 SPU_2E 4,54 0,52 0,62 0,012017
30 SPU_30 7,26 0,15 0,15 0,004557
31 SPU_31 5,05 0,17 0,20 0,38 0,005704
32 SPU_32 5,20 0,41 0,41 0,008570
33 SPU_33 7,87 0,18 0,18 0,005185
. 34 SPU_34 11,57 0,21 0,21 0,010250
| 35 SPU_35 5,53 1,37 0,09 1,46 0,041200
| 37 SPU_37 2,14 1,19 1,19 0,010838
35 SPU_38 7,73 1,82 3,87 5,70 D, 187260,
| 32 SPU_39 3,57 0,05 0,06 0,000876
| 40 SPU_40 5,78 1,50 1,50 0,037049

Also alternative b) mentioned in the

chapter 3 was examined here. In Tab 2 we tried to

propose just those measures, which should improve water quality. Measures were selected base d

on highest impact grade on quality

2WRAL, ERThe overall rating for this option is 0.63 . In Tab 3

we tried to propose just those measures, which should improve high flows. Measureswere selected

based on highest impact grade on high flow 2ER, T1 The overall rating for this option is 1.38 . In

Tab 4 we tried to propose just those measures, which should improve lowf lows. Measures were

selected based on highest impact grade on low flow, in this case just one measure

selected. The overall rating for this option is 2.25 .

2BPDAwas
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Assessment of expert variant in SPU

<0,004657
[ <0,014087
[] <0,037049
[ <0,064649
[ <0,142917

<0,240159

Fig. 3 Map of assessment of the expert variant at the SPU level

Page 16



FramWat

Tab. 2. Assessment of the effectiveness of the expert variant for quality improvement
Number of 4 Grading of the Program of Small Water Retention Measures
Number of = | e — n . 5 o Catchment gra_de for current
spUs wariant
Grade for a measure [total by SPUs): | 5,78 11,38 0,00 0,00 0,63
Measure Id by
Mo, SPU Id SPU name User WRAL R BrOA " SPU grades :;P:Ii::f
F_sPU[km®] |kmz/kmz|kmz/kmz|kmz/kmz|km2/kmz| SIF_SPU
1 011 | o038 0,48 0,02
2 002 | 30 3,11 o011
3 021 | L4s 1,60 0,08
4 004 | 15 1,57 0,06
5 0,42 0,42 0,02
8 0,01 0,01 0,00
7 0,08 0,08 0,00
B 007 | Lo 1,06 0,07
3 0,06 0,06 0,00
10 0,05 0,05 0,00
1 008 | 024 0,32 0,02
1 0,58 0,68 0,03
13 0,52 0,12 0,12 0,00
1 10,28 0,00 0,00 0,00
15 5,17 0,85 0,86 0,03
16 5,54 0,40 0,40 0,01
17 5,51 020 | o7 0,01 0,08
18 5,61 0,08 0,08 0,00
19 5,45 0,03 0,03 0,00
20 4,54 0,52 0,62 0,01
21 0,15 0,15 0,01
2 017 | o0 0,38 0,01
23 041 0,41 0,01
u 0,18 0,18 0,01
15 0,21 0,21 0,01
25 137 137 0,04
7 1,82 1,82 0,07
Tab. 3. Assessment of the effectiveness of the expert variant for improvement of high  flow conditions
number of 4 Grading of the Program of Small Water Retention Measures
Number of - e — 0 . . a Catchment gra_de for current
SPUS wariant
Grade for a measure [total by SPUs: | 0,00 | 1231 | 000 5,00 1,38
Measure Id by
No. SpUId 5PU name User WRAL ER BPDA " SPU grades SSP:I;im:JE
F_SPU [km2| km2,km2 |km2,/km2|km2/km2|km2/km2| JIF_SPU
1 0,38 134 37 0,20
] 3,08 235 5,44 0,38
3 0,53 0,93 0,06
4 5,36 1,48 1,48 0,13
5 522 153 132 2,85 022
6 13,27 L00 1,00 0,13
7 10,10 0,24 0,24 0,02
£ 0,62 0,12 0,12 0,00
g 6,52 071 0,71 0,05
10 546 0,03 0,03 0,00
1 4,54 062 0,62 0,03
12 7,26 0,15 0,15 0,01
1 5,06 0,20 0,20 0,01
1 182 1,82 0,13
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Tab. 4. Assessment of the effectiveness of the expert variant for improvement of low  flow conditions

Number of

4 Grading of the Program of Small Water Retention Measures
Number of - - a = . = Catchment gra_de for current
SPUs variant
Grade fora measure [total by SPUs): [ 0,00 0,00 30,80 [ 000 2,25
Measure 1d by

No. SPU Id SPU name User WRAL ER BFDA ™ SPU grades S;Pfli::_le
F_SPU [km’] kmz/kmz[kmzkmz|kmz/kmz |kmz/km2| JEF_SPU

1 SPU_D4 3,35 1,77 1,77 0,16
2 SFU_07 4,3 2,45 2,46 0,10
3 SPU_02 17,20 3,28 3,28 0,55
4 SPU_11 13,27 0,26 0,96 012
5 SEU_12 5,59 3,85 3,85 0,32
5 SRU_13 5,80 3,83 3,83 0,22
7 SPU_14 10,10 1,18 1,18 0,12
E] TPU_1S 5,50 1,88 2,66 0,23
g SFU_16 0,04 3,98 3,98 0,00
10 SRU_22 2,39 0,16 0,16 0,00
11 SFU_36 5,53 0,08 0,09 0,01
1 TPU_37 2,14 1,19 1,19 0,02
13 TPU_3E 7,73 3,87 387 0,28
14 SPU_AD 5,78 1,50 1,50 0,08

Based on the overall values of calculated grades it can be assumed that when selecting only
measures to improve low flow conditions the effect for whole pilot area will be higher (2.25 to
1,77).

Type and localization of all the measures proposed for the expert variant in particular SPUs

are showed in Fig. 2.

The results of the local preferences variant assessment are also presented in the form of a
table (Tab. 5) and map (Fig. 4). In this variant , wetland restoration and management (N0O2 =13.56)
and widening or rem oving of flood protection dikes (T02 = 10.36) have the greatest impact on the
final score. Less impactful measures are polders, dry flood protection reservoirs, sediment
trapping dams (TO1 = 7.15) and land use conversion (FO5 = 4.17). The impact of other measures is
negligible. In order to assess a single SPU while taking into account the size of the catchment
area, additional calculations were made according to the followi ng equation SPUgrades * F_SPU/Q

F_SPU. The results are shown

The greatest impact on the final assessment had SPU 12 and 09 SPl$ assessment without
taking into account the area gives different results, and in this case the SPU s 12, 16, 13, 17
dominate with a score of 12 =6.28,16 =5.9, 13 =5.28, 17 =4.57. These variantsincluded a small
number of measures with high efficiency which caused the SPUs assessment results to be
cumulated only in 4 SPUs (12, 16, 13,17) and divergences between them and others are very

significant. The overall rating for this variantis 1.68.
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Tab. 5. Assessment of the effectiveness of the local preferences variant

fpDes of 10 Grading of the Program of Small Water Retention Measures
Bl 20 Measure No. 1 2 3 a s s 7 8 9 jo) (GRSt e
|SPUS variant
Grade for a measure (total by SPUs): | 0,70 0,93 2,18 4,17 1,77 | 1356 | 1,08 0,26 046 | 10,40 1,63
- e e mas::{" L e A0a FO1 FOS nNO1 nO2 nNO4 NOS D05 T2 etigrades SSP:';Sx
F_SPU [km®] | km/km2 [km2/km2| km/km |km2/kmz[km2z/kmz|km2/km2| km/km | km/km |km2/km2|km2/km2| /zr:spu
1 | spuo1 | T 727 f 002 | | | 002 | 0ot | [ | 002 | 0,07 0,003580
2 SPU_02 7,33 1,66 0,02 1,68 0,082060
a SPU_04 9,36 0,01 0,01 0,000792
5 SPU_0S 8,22 1,39 0,23 1,62 0,095037
7 SPU_O7 2,23 0,08 0,47 0,04 0,57 1,15 0,035213
E SPU_09 17,20 0,34 1,11 0,39 0,17 0,27 0,45 2,74
10 SPU_10 4,58 0,01 0,01 0,00 0,02 0,04 0,001414
11 SPU_11 13,27 0,23 0,45 0,11 0,55 1,35 0,129282
12 SPU_12 8,52 0,40 305 | o013 1,24 0,20 0,19 1,49 6,71
13 SPU_13 5,99 0,52 0,14 0,53 0,07 0,75 2,29 0,092195
14 SPU_14 10,10 0,11 0,29 0,05 0,35 0,81 0,052088
15 SPU_15 5,50 0,07 0,17 0,04 0,00 0,20 0,48 0,030268
16 SPU_16 0,04 0,05 3,12 0,02 2,30 5,49 0,001650
17 SPU_17 0,52 0,15 2,28 0,07 1,98 4,89 0,020229
21 SPU_21 5,84 0,01 0,01 0,000502
35 SPU_35 4,08 0,01 1,63 | 000 0,00 0,00 1,64 0,048437
35 SPU_35 5,63 0,26 0,44 0,13 0,00 0,53 1,36 0,055210
37 SPU_37 2,14 0,18 0,18 0,002822
38 SPU_38 7,73 0,70 0,30 0,98 0,15 1,17 3,31 0,184831
40 SPU_40 5,79 0,04 0,00 0,00 0,00 0,00 0,05 0,001963
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Assessment of local variant in SPU
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Fig 4 Map of assessment of the local preferences variant at the SPU level

Also alternative b) mentioned in the chapter 3 was examined. In Tab. 6 we tried to propose
just those measures, which should improve water quality. Measures were selected bases on
highest impact grade on quality 2A02, FO1, FO5, NO2, A04, T2. The overall rating for this option
is 1.55. In Tab 7 we tried using just those measure, which should improve on high flows. Measures
were selected based on highest impact grade on high flow 2F05, NO1, NO2, D05, A04, T2. The
overall rating for this option is 1.68 . In Tab 8 we tried to propose just those measures, which
should improve low flows. Measures were selected based on highest impact grade on low flow, in

this case just measures F05, NO1, DO5. The overall rating for this option is 1.31 .
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Tab. 6. Assessment of the effectiveness of the local preferences variant for quality improvemen t
Number of - .
10 Grading of the Program of Small Water Retention Measures
Number of 1 PP 1 2 3 = 5 6 = 3 g 10 Catchment gra_de for current
LSPUS varant
Grade for a measure (total by SPUs): 0,70 0,83 2,16 4,17 0,00 13,56 0,00 0,00 0,00 10,40 1,54
Measure Id by SPU_grade
A AR User A02 A04 FO1 05 nNOL No2 nNo4 NOS D05 T2 e i
F_SPU [km’] | km/km2 [km2/km2| km/km [km2/km2[km2/km2|km2/km2| km/km | ke/km |km2/km2|km2/km2 JIF_SPU
1 “sPU_O1 779 0,02 ] 0,02 | 002 0,06 | o,003478
2 SPU_02 7,33 1,66 1,66 0,024348
5 SPU_0S 8,22 1,39 1,39 0,088374
7 SPU_O7 4,23 0,08 0,47 0,57 1,11 0,036491
B SPU_02 17,20 0,34 1,11 0,38 0,45 2,30
10 SPU_10 4,58 0,01 0,01 0,02 0,04 0,001378
11 SPU_11 13,27 0,23 0,45 0,55 1,23 0,127025
12 SPU_12 5,52 0,40 3,06 1,24 1,49 6,19
13 SPU_13 5,98 0,69 0,14 0,63 0,76 2,22 0,103134
14 SPU_14 10,10 0,11 0,29 0,35 0,75 0,059101
15 SPU_15 5,50 0,07 0,17 0,20 0,44 0,028844
16 SPU_16 0,04 0,05 3,12 2,30 5,47 0,001762
17 SPU_17 0,52 0,15 2,28 1,98 3,42 0,021338
21 SPU_21 5,84 0,01 0,01 0,000545
3s SPU_35 4,08 0,01 0,00 0,00 0,01 0,000259
35 SPU_38 5,63 0,26 0,44 0,53 1,23 0,053325
37 SPU_37 2,14 0,18 0,18 0,003027
38 SPU_38 7,73 0,70 0,30 0,95 1,17 3,15 0,188123
a0 SPU_40 5,79 0,04 0,00 0,00 0,00 0,05 0,002053
Tab. 7. Assessment of the effectiveness of the local preferences variant for improvement of high flow
conditions
Number of o .
10 Grading of the Program of Small Water Retention Measures
Shsatirol 17 Measure No. 1 2 3 a s s 7 8 5 10 || e R
SPUS variant
Grade for a measure {total by SPUs): | 0,00 0,00 0,00 417 | 1,77 | 1356 | o000 0,00 000 | 10,40 1,46
Measure Id by
SPU_grade
S S| Sets e S A02 Aca FO1 OS5 nNo1 nNO2 noa NOS Dos T2 i) o e
F_SPU[km’] km/km2 |km2/km2| km/km |km2/km2lkm2/km2lkm2/km2| km/km | km/km |km2/km2km2/km2| JTF_SPU
1 SPU_OL 7,79 [ ] | | 002 [ | o002 | 0,04 | o0,002700
2 SPU_02 7,33 1,66 1,66 0,100573
5 SPU_05 8,22 1,39 1,39 0,094204
7 SPU_O7 4,23 0,47 0,57 1,04 0,036173
9 SPU_02 17,20 1,11 0,39 0,45 1,96
10 SPU_10 4,58 0,01 0,02 0,03 0,001173
11 SPU_11 13,27 0,45 0,55 1,01 0,110589
12 SPU_12 8,58 3,08 | 013 1,24 1,49 5,93
13 SPU_13 5,20 0,63 0,76 1,39 0,088658
14 SPU_14 10,10 0,29 0,35 0,65 0,053884
15 SPU_15 8,80 0,17 0,20 0,37 0,026704
16 SPU_16 0,04 3,12 2,30 5,42 0,001863
17 SPU_17 0,62 2,28 1,98 4,27 0,021983
35 SPU_35 4,08 1,63 | 0,00 0,00 1,63 0,054985
35 SPU_36 6,63 0,44 0,53 0,97 0,053328
38 SPU_38 7,73 0,38 1,17 2,15 0,137526
a0 SPU_40 5,79 0,00 0,00 0,00 0,000120
Tab. 8. Assessment of the effectiveness of the local preferences variant for improvement of low flow condition
Number of = .
10 Grading of the Program of Small Water Retention Measures
it 3 Measure No. 1 2 3 a s s 7 8 ° 10 [ ats k.
SPUS variant
Grade for a measure (total by SPUs): | 0,00 0,00 0,00 4,17 1,77 | 0,00 0,00 0,00 0,00 0,00 1,78
Measure Id by
SPU_grade
- et |Srunare — a02 A0a o1 05 NOL no2 NO4 NOS DOS T2 et grad Rl
F_SPU [km®] | km/km2 [km2/km2| km/km [km2/kmzlkm2/km2lkm2/km2| km/km | km/km |km2/km2|km2/km2|
° sPu_0s | 170 i ] 111 | I I i ] I 1,11
12 SPU_12 5,58 306 | 013 3,20
35 SPU_35 4,08 1,63 1,63

Based on the overall values of calculated grades it can be assumed that the effect for whole

pilot area is the highest when taking into account all of proposed measures (1.68).
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Results of assessmentsfor all three phenomena are shown in the Fig, 5, 6 and 7.

Assessment of local_Q variant in SPU
[ <0,003476
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[ <0,063325
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I <0,412454

:I lake

river

Fig. 5 Map of assessment of the effectiveness of the local preferences variant for quality improvement
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Assessment of local_HF variant in SPU
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Fig. 6 Map of assessment of the effectiveness of the local preferences variant for improvement of high flow

conditions
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Assessment of local_LF variant in SPU
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Fig. 7 Map of asessment of the effectiveness of the local preferences variant for improvement of low flow
conditions

Alsoalternative a) mentioned in the chapter 3  taking into consideration the change of criteria
from ‘km/km pand ‘’km/km 2 to ‘km?km 2~ was examined here. Results and chosen criteria are
shown in the tables Tab. 9 and tab. 10 and assessments are shown in Fig. 8 and 9. Based on the
reached grading (1.41, 1,37) it seems to be even less efficient alternative as calculated above, so

the change of criteria was wrong and we have to keep criteria proposed by project.
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Tab. 9. Assessment of the effectiveness of the local preferences variant with changed criteria

Nomber et 10 Grading of the Program of Small Water Retention Measures
Phoprdipr 20 Measure No. 1 2 3 4 5 5 7 8 9 0 [CACSUSREMEnECuTEN
SPUs variant
Grade for a measure {total by SPUs): | 0,01 0,93 0,73 417 | 1,77 | 1356 | 073 0,02 045 | 1040 1,41
Y 2 M“:':rw % | ac2 A0a FOL OS5 NOL NO2 NO4 NOS DOS T or) pradles 5::';875:9
F_SPU [km‘] km2/km2|km2/kmz|km2/km2|km2/km2km2/km2lkm2/km2|km2/km2 | km2/km2|km2/km2|km2/km2 /T F:spu
1 | spuot I 0,00 | 00z | 000 0,02 0,04 | o,002505
2 SPU_02 7,33 1,66 0,01 1,67 0,088270
a SPU_04 9,36 0,00 0,00 0,000087
5 SPU_06 8,22 1,39 0,01 1,40 0,083038
7 SPU_O7 4,23 0,03 0,47 0,03 0,57 1,10 0,033556
9 SPU_09 17,20 0,03 1,11 0,39 0,03 0,27 0,46 2,28
10 SPU_10 4,58 0,00 0,01 0,00 0,02 0,03 0,001085
11 SPU_11 13,27 0,03 0,46 0,03 0,55 1,07 0,102588
12 SPU_12 8,59 0,08 3,06 | 013 1,24 0,08 0,19 1,48 6,28
13 SPU_13 5,99 0,62 0,04 0,63 0,04 0,76 2,17 0,003717
14 SPU_14 10,10 0,02 0,28 0,02 0,35 0,68 0,049286
15 SPU_15 ) 0,01 0,17 0,01 0,00 0,20 0,39 0,024982
16 SPU_16 0,04 0,24 3,12 0,24 2,30 5,90 0,001775
17 SPU_17 0,62 0,15 2,28 0,15 1,98 4,57 0,020599
21 SPU_21 5,84 0,01 0,01 0,000509
35 SPU_35 4,08 0,00 1,63 | 000 0,00 0,00 1,63 0,048093
36 SPU_36 6,63 0,03 0,44 0,03 0,00 0,53 1,03 0,049536
37 SPU_37 2,14 0,18 0,18 0,002822
38 SPU_38 7,73 0,01 0,07 0,98 0,07 1,17 2,29 0,127994
a0 SPU_40 5,79 0,04 0,00 0,00 0,00 0,00 0,04 0,001523
Tab. 10. Assessment of the effectiveness of the local preferences variant with changed criteria for quality
improvement
Pmber of 10 Grading of the Program of Small Water Retention Measures
S 19 Measure No. 1 2 3 a s 5 7 8 e P [ et et
SPUS varant
Grade for a measure {total by SPUs): | 0,01 0,93 0,73 417 | oo0 | 135 | 000 0,00 0,00 | 1040 1,37
o S | Me“;':rm Y| A A04 FO1 FOS NOL NO2 nNo4 NOS D05 ir] S 5::';9;’:
F_SPU [krn‘l km2/km2|km2/km2|km2/km2|km2/km2jkm2/km2lkm2/km2|km2/km2|km2/km2|km2/km2|km2/km2| /Z F:SPU
1 SPU_OL 7,79 0,00 0,02 0,02 0,04 0,002610|
2 SPU_02 7,33 1,66 1,66 0,094349
6 SPU_05 8,22 1,38 1,39 0,088374]
7 SPU_O7 4,23 0,03 0,47 0,57 1,07 0,034263
B SPU_08 17,20 0,03 1,11 0,39 0,45 1,99
10 SPU_10 4,58 0,00 0,01 0,02 0,03 0,001134
11 SPU_11 13,27 0,03 0,45 0,55 1,04 0,105888
12 SPU_12 5,59 0,08 3,08 1,24 1,49 5,88
13 SPU_13 5,99 0,69 0,04 0,63 0,76 2,12 0,098566
14 SPU_14 10,10 0,02 0,22 0,35 0,67 0,052082
15 SPU_15 5,80 0,01 0,17 0,20 0,38 0,025810
16 SPU_16 0,04 0,24 3,12 2,30 5,66 0,001825
17 SPU_17 0,62 0,15 2,28 1,88 4,42 0,021358
21 SPU_21 5,84 0,01 0,01 0,000545
35 SPU_35 4,08 0,00 0,00 0,00 0,00 0,000013
36 SPU_36 6,63 0,03 0,44 0,53 1,00 0,051611
37 SPU_37 2,14 0,18 0,18 0,003027
38 SPU_38 7,73 0,01 0,07 0,88 1,17 2,22 0,133374
a0 SPU_a0 5,79 0,04 0,00 0,00 0,00 0,04 0,001951
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Assessment of local_p variant in SPU
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Fig. 8 Map of assessment of the local preferences variant with changed criteria at the SPU level
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Assessment of local_Q_p variant in
SPU
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Fig. 9 Map of assessment of the effectiveness of the local preferences variant with changed criteria for
quality improvement

Also alternative c¢) mentioned in the chapter 3 based on the consultation with an external
expert the variant with the most effective measures for minimizing the negative effects of low
flow conditions were calculated . Even if the measures selected by national expert were not
proposed in local preferences variant. The results are shown in Tab. 11. Intensities and grades

were kept the same as proposed by project consortia.
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Tab. 11. Assessment of the effectiveness of the local preferences variant (measures proposed by external
expert) for improvement of low flow condition

Number of

2 | measures 8 Grading of the Program of Small Water Retention Measures
Number of Catchment grade for current
3 lspus a0 Measure No. 1 2 3 a s 6 7 8 \mriant
1 Grade for a measure (total by SPUs): | 0,00 13,07 0,00 4,86 12,14 0,00 0,00 0,00 0,79
MeasureldbY | yoni | ot KF FO5 F14 | No2 Ni3 D04
5 No. SPUId SPU name User SPU grades
6 F_SPU[km?] |km2/km2| km/km - |kmz/km2| km/km [km2/km2|km2/kmz |km2/km2
7 1 SPU_O1 779 4,86 0,22 5,08
8 2 SPU_D2 7.33 0,00 0,00
9 3 SPU_O3 .27 0,06 0,06
10 4 SPU_D4 9,36 0,14 0,44 0,58
11 El SPU_O3 9,00 033 0,34
12 & SPU_DG 8,22 0,09 0,09
13 7 sPU_07 423 016 0,16
14 8 SPU_0O8 7,85 0,27 041 0,69
135 k] SPU_0O9 17,20 0,20 0,10 0,30
16 10 SPU_10 4,58 117 0,30 147
17 11 SPU_11 13,27 2,00 034 2,34
18 12 SPU_12 8,59 0,38 0,38
19 13 SPU_13 5.9 044 044
20 14 SPU_14 10,10 0,00 016 0,16
21 15 SPU_15 8,80 0,64 015 0,79
2 16 SPU_l6 0,04 0,01 013 0,15
23 17 SPU_17 0,62 0,49 0,24 0,73
24 18 SPU_18 10,29 0,76 041 1,17
25 19 SPU_19 8,04 015 0,15
26 20 sPU_20 6,17 0,06 019 025
27 21 SPU_21 5,84 0,73 0,50 1,23
28 22 SPU_22 229 052 0,52
29 23 SPU_23 817 0,28 0,28
30 24 SPU_24 4,60 011 0,44 0,54
3 25 SPU_25 6,82 0,10 0,10 0,20
32 26 SPU_26 5561 091 0,50 141
3 27 SPU_27 8,46 0,01 0,26 0,27
34 28 SPU_28 454 099 017 1,15
35 29 SPU_29 387 0,58 0,58
36 30 SPU_30 7,26 0,26 0,12 0,38
7 31 SPU_31 6,06 133 0,68 2,01
38 32 SPU_32 520 0,67 0,67 1,34
39 33 SPU_33 7.87 0,56 0,12 0,68
40 34 SPU_34 11,57 027 0,27 0,54
a1 35 SPU_35 4,08 0,05 025 0,30
42 36 SPU_36 6,63 1,08 0,60 1,68
43 37 SPU_37 2,14 024 028 0,52
au 38 SPU_38 773 0537 0,37
45 39 SPU_39 367 0,03 0,14 0,17
46 40 SPU_40 5,79 0,00 0,58 0,59

The total grade for area reached is 0.79 which is less than in calculations above. It seems to

be not sufficient and further proposals of extents of selected measures should be examined.

The differences between variants result mainly from the spatial distribution, structure and
number of planned measures. The expert variant is characterized by a smaller number of measures
spread over an area of catchment (4 measure types and there of 1 aggregated measure spread
over 35 SPUs). Onthe contrary, the local variant contains 10 measure types and none of
aggragated measuresplaced in 20 SPUs. Despite these large differences, the assessment ratio of
the final score of the expertto local variantis 1.05 (1.77/1.68 ). Larger differences are noticeable
after comparing the spatial distribution, which is shown in Fig. 13 as a difference between local
and expert variants. The map shows that the local variant dominates in  the middle part of the

catchment.

Additionally, by carrying out a visual comparison of both variants (Fig. 14) and the
valorization map generated via valorization tool FroGIS (Fig. 2), it can be concluded that

introducing the expert variant will reduce the need for water retention in particularly sensitiv e
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areas, except upper parts of the catchment. In the upper parts of the  catchment, the need of
water retention comes out of idea to protect from floods lower parts of the catchment, which are
more inhabited (municipalities ). These seems to be in correlatio n with dynamic modelling results
for pilot catchment, for more information see  (11). On the other hand, in the local variant, in
most cases, it would improve areas with low water retention needs.

Maps of comparison of expert and local preferences variants were created by using the

method of natural breaks for six classes.

Difference between local and expert
variant in SPU

I <-0,187260
[ <-0,081038
[1 <-0,022615
[ <0,002822
[] <0,065210
[T <0,339454
D lake

river

Fig. 10 Map of difference between local preferences and expert variant (green color shows dominance of local
variant and red shows the opposite)
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[ sopa615

[ <o0,002822

[] s0.085210

[ <0,335454

=

river

local variant

] 40,003680
[ so035203
] 50,005210
] <0192
B zo.1s4838
B <o.10817
e

Assessmant of local varlant in SAU

Fig. 11 Visual comparison of local preferences and expert variant assessments with the map of valorisation of
needs and water retention possib ilities
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In the following maps there are visualised differences between expert and local preferences
variants analysed within alternative a) where criteria of some measures were changed and
DOWHUQDWLYH E ZKHUH RQO\ "PRVW HIILFLHQW PHDVXUHVH IRU SDI

described in the chapter 3.

Alternative b) - fRU HDFK RI WKH ORFDO SUHIHUHQFHV YDULDQW ZH KDY
HITHFWLYH PHDVXUHVpy IRU SDUWLFXODU JRDO DV KLJK IORZV ORZ IOR

expert variant are shown in Fig. 15, 16 and 17.

Difference between local_Q and expert
variant in SPU

I <-0,187260
[ <-0,075749
[] <-0,022615
[ =0,003027
[ ] <0,063325
[ <0,313899
[:] lake

river

Fig. 12 Map o difference between local preferences variant for quality improvement and expert variant (green
color shows dominance of local variant and red shows the opposite)
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Difference between local_HF and
expert variant in SPU

I <-0,187260
[] <-0,069525
[ <-0,022615
[ <0,026000
[ =0,137526
[ <0,322404
[ 1ake

river

Fig. 13 Map of difference between local preferences variant for improvement of high flow conditions and
expert variant (green color shows dominance of local variant and red shows the opposite)
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Difference between local_LF and
expert variant in SPU

[ <-0,170098
[] <-0,093413
[ <-0,022615
[ <0,000000
[] <0,222692
[ <0,821738
[ ake

river

Fig. 14 Map of difference between local preferences variant for improvement of low flow conditions and
expert variant (green color shows dominance of local variant and red shows the opposite)

Also based on visual comparison of above showed figures for differences betw een expert
variant and alternatives of local preferences variant , it can be assumed that selection of measures

relevant for particular goal (low flow, high flow, quality) is most relevant for low flow conditions.

Alternative a) 2where the definition of intensity criteria for some of measures was changed
IURP "NPINBQG "NP NRp/RMRL" 7K L ¥€lekant bhly for some of measures proposed
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within local preferences variant. See results of differences to expert variant in the following
figures Fig. 18, 19, 20 and 21.

Difference between local_p and expert
variant in SPU

B <-0,187260
[ ] <-0,078947
[ ] <-0,022615
[ ] <0,032346
[ <0,118072
[ <0,290619
]:] lake

river

Fig. 15 Map of difference between local preferences with changed criteria and expert variant (green color
shows dominance of local variant and red shows the opposite)
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Difference between local_Q_p and
expert variant in SPU

I <-0,187260
[ <-0,072976
[ <-0,022615
[ =0,033917
[] <0,133374
[ <0,292902
|:| lake

river

Fig. 16 Map of difference between local preferences variant with changed criteria for quality improvement and

expert variant (green color shows dominance of local variant and red shows the opposite)
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Difference between local_HF and
expert variant in SPU

I <-0,187260
[ <-0,069525
[ ] <-0,022615
[ <0,026000
[ ] <0,137526
[ <0,322404
I:l lake

river

Fig. 17 Map of difference between local preferences variant

with changed criteria for improvement of high

flow conditions and expert variant (green color shows dominance of local variant and red shows the opposite)
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Difference between local_LF and
expert variant in SPU

I <-0,170098
[ <-0,093413
[ <-0,022615
[ =0,000000
[ ] <0,222692
[ <0,821738
[ 1ake

river

Fig. 18 Map of difference between local preferences variant with changed criteria for improvement of low
flow conditions and expert variant (green color shows dominance of local variant and red shows the opposite)

Based on visual comparison of above showed figures for differences between expert variant
and alternatives of local preferences variant with changed criteria, the trend is the same as for

alternatives of local preferences variant where the most relevant criteria are chosen. Differences

are obvious mainly for var iant of low flow conditions.
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Based on the testing of the StaticMethod and StaticTool.xlsm it can be concluded:

- StaticTool.xlsm seems to work properly even when using the pre -defined criteria and their
values

- variant with proposed measures in the upper part of catchment to reduce flood
impacts in the lower parts of catchments (municipalities) dynamic modelling results

- tocalculate parameters for proposed measures is quite time consuming but feasible

- results in the tool are quite easy to interpreted even for non expert but a short guide how to

do it and how to create the map will be efficient

- with the results obtained and after preparing the maps it was easy to compare particular

alternatives of natural small w ater retention measures
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Based on the experiences with testing of the StaticMethod and StaicTool.xIsm it can be
assumed:
- Content related:
0 How to interprate Grades is necessary to explain/to add somewhere in the tool
0 As intensities and maximum grades definitions are country/region/catchment

characteristics relevant, it will be efficient to include some recommendations

for future users of the tool if gained during the testing by PPs

0 As it is not necessary to use aggregated measure codes to run calculations, it
should be mentioned somewhere in the method ology, that calculations will run
anyway.

- Functionalities:

0 SKtranslation of names of aggregated measures is missing. We see it as valuable
information for national stak eholders, who will use the tool.

0 SK translations of definitions of intensities criteria are missing. We see it as
valuable information for national stakeholders, who will use the tool.

o ,W ZDV H[SHULHQFHG GXULQJ WKH WHVWL Qaéfike&kimW "JUH\ ILHC
automatically was necessary to overwrite manually.

o For local national stakeholders, it would be efficient to provide description of
Methodology on static assessnent of cumulative effect of N(S)WRM at the river
basin scale and of Manual on how to work with Static tool in national languages.

It will facilitate wider use of project deliverables.
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Assessment of effects of natural small water retention measures based on national experiences,
HODERUDWHG E\ OU 0D URé¢dearéhPristivlite,: Bratidtaia.
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The purpose of developing the StaticTool method and the computer application
StaticTool.xIsm is to enable the estimation of the effects of the implementation of a program of
natural small water retention measures (PONSWRM, Program of measures) in a simplified way,
which does not requir e the time -consuming and costly development of detailed models,
hydrological or / and hydraulic, of the analysed catchment. Method is making use of a grading

based on expert knowledge and is used to compare variants of the NSWRM program.

The potential effe cts of individual NSWR measures may be different, depending on the
climatic and physiographic conditions (e.g. slopes, ground permeability) of the analysed area, so
the method parameters should be adapted to local conditions (climate type, landscape type). The

StaticTool method thus consists of two parts:

x developing method parameters for local conditions,

x estimation of the effects of activities planned under the  Program of Natural Small Water
Retention Measures

The StaticTool method assumes that the expe cted effect of the PONSWRM is to improve
catchment retention properties, which is understood as increasing low flows (LowQ), reducing
high flows (HighQ) and/ or limiting the load of pollutants yielded from the catchment area (Qual).
This effect depends on the planned measures, in particular: i) their type and ii) the level of
intensity. The measures included in the StaticTool method are summarized in the local catalogue
of measures. For each measure, an intensity criterion is formulated, and threshold valu es are
defined that correspond to the characteristic intensity levels (low, medium, high). Each measure
is also assigned the expected improvement of retention properties of the SPU, expressed on a
point scale (0 - 5 points). The greatest improvement that ¢ an be achieved (maximum points for a
given measure) corresponds to the implementation of the measure with maximum intensity. For
lower intensity levels, the assigned grades are proportional to the level of intensity of planned
measure. Hence, developing parameters of the StaticTool method means defining a set of
functions that make grade assessment dependent on the type of planned measures and their

intensity for each measure from the local catalogue.

The StaticTool method and the StaticTool.xlsm applicatio n were developed as part of the
project FramWat, Work Package T2 (Effectiveness of the Natural Small Water Retention Measure),
activity A.T2.2 (Developing the GIS based method to assess cumulative effect of N(S)WRM at the
river basin scale), deliverable D. T2.2.1 (Static method to assess cumulative effect of N(S)WRM in
the river basins). A detailed description of the methodology is in a separate file created by the
author of the program. This report presents the results of testing the static method to assess
cumulative effect of N(S)WRM via developed application (program) StaticTool.xlsm for the Slovak
Pilot Catchment ofthe Blh 5LYHU ZLWKLQ 60DQi 5LYHU %DVLQ
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2. DESCRIPTION OF INPUDATA PREPARATION

The first step of the work with the StaticTool .xlsm program, it was necessary to specify the
N(S)WRMypes, for which calculations will be carried out for expert variant and for variant of
local preferences. There were used measure types proposed within Concept plan preparation and
these are showed in Fig.1 for both expert variant and for local preferences variant. For more

information on variants see report on Concept plan preparation ( 4).

) ";—1' [ A04 - Strip cropping along & Kt 551 A02 - Buffer strips and hedges
{ contours T ;
A04 - Strip cropping along
‘ 3 oours

DO1 - Regulated outflow from
E drainage systems

NO2 - Wetland restoration and
: management

DO5 - Infiltration reservoirs and
ditche

FO1 - Forest riparian buffers
FO5 -Land use conversion
=1 No1 - nadrze a rybniky

NO2 - Wetland restoration and
: management

NO3 - Floodplain restoration and
management

T1 - Polders, dry flood
=1 protection reservoirs, sediment
trapping dams

[1spu
I:I lake

river

NO4 - Re-meandering

NOS5 - Stream bed re-
naturalization

T2 - Widenning or removing of
= flood protection dikesi

[spu
[:] lake

— river

Fig. 1 Type and localization of measures proposed for expert variant and for local preferences variant
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The types of measures are showed also in the table below (Tab. 1) and for all chosen

individual measures the basic characteristic necessary to quantify criter

Statictool.xIsm application are calculated.

ia in the next steps of

Tab. 1 Basic parameters of proposed measures for expert variant (Exp) and for local preferences variant (Loc)

Code | Variant | Type NSWRM Name Parameters Cl:\lostilr:/tRol\];l ?r:z]a L[i?r?]th
tesne siate plodiny sa
*SE] i-° E] |
Strip cropping %0} Jv u] A u]v
AO4 | Exp along contours “ El %15 A 54 915 -
v -l u_ e /]S
u o]}E vVvEuU]
I &] v]u]le v
Regulated }% SE v] v &
outflow from } 8} AYC 1 @E
DO1 |Exp drainage systems +Ce+3 U}A 8 1268| -
} SE v v] ]JVA
EUZIA E *50_
Wetland AE- % €A} VE
restoration and EuzZ}A E A_v
NO2 |Exp management 0- VC Z [}eC-§ 15 225 -
Floodplain
restoration and
NO3 |Exp management 4 priepusty 4 115 -
Z}lo}Zz v EI W
Polders, dry floog Z U ol}A | %
protection 166011 uiu pll
reservoirs, priehrady- asi 643 m,
sediment AE“l Alzq dno v
T1 Exp trapping dams %}0 @& W 9%doliny-6m 1 30,35 -
Z}lo}z v EI W
Polders, dry floog Z U ol}A | %
protection T6Aiil uiu pll
reservoirs, priehrady- asi 1041 m,
sediment AE“l AlZq }u v
T1 Exp trapping dams %}0 E ,EYdoliny-10m 1 28,67 -
Z}lo}z v EI W
Polders, dry flooo Z U ol}A | %
protection iAiotii uiu pll
reservoirs, priehrady- asi 761 m,
sediment AE“l AlzZzq }u v
T1 Exp trapping dams % }o & ,EYdoliny-7m 1 18,08 -
AEe E A v v
Buffer strips and SE vy ZE& |
A02 |Loc hedges Ivanice 1 2 15
tesne siate plodiny sa
*SE] i-° E] |
Strip cropping %0} Jv u] A u]v
A04 | Loc along contours “ El %15 A 2 162 -
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Code

Variant

Type NSWRM

Name

Parameters

Count of
NSWRM

Area
[ha]

Length
[km]

D05

Loc

Infiltration
reservoirs and
ditches (similar tc
N13)

“© @6 uUu pll ¢

3,7

D05

Loc

Infiltration
reservoirs and
ditches (similar tc
N13)

“ El &1 uU pll

3,23

D05

Loc

Infiltration
reservoirs and
ditches (similar tc
N13)

“ @&l i uU pll

2,31

D05

Loc

Infiltration
reservoirsand
ditches (similar tc
N13)

“ El 76 uU pll

1,2

D05

Loc

Infiltration
reservoirs and
ditches (similar tg
N13)

it uu pll

1,21

D05

Loc

Infiltration
reservoirs and
ditches (similar tc
N13)

“ ®| 86 uU pi

3,41

D05

Loc

Infiltration
reservoirs and
ditches (similar tg
N13)

2,2

D05

Loc

Infiltration
reservoirs and
ditches (similar tg
N13)

“ @&l oi uu pll

5,08

D05

Loc

Infiltration
reservoirs and
ditches (similar tc
N13)

“ @&l i uU pll

3,64

FO1

Loc

Forest riparian
buffers

AE- *SE}up
O uSE}A ~A«
i 0" o

161

27,63

FO5

Loc

Land use
conversion

dubovobrestove
i e VIA v_1]vv
lesy

79

NO1

Loc

Basins and pond;

ET W iy
| % 135 VI
ioi uU

Rozlohav
ol}A
uiu pll

101 m

1,82

NO1

Loc

Basins and pond;

Z}lo}z v EI W
OI}A | % 135 V
uilU pll i08 uU

88 m

1,44
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: Count of | Area | Length
Code | Variant | Type NSWRM Name Parameters NSWRM| [ha] km]
} SE v]wA IvC
EUZIA E *50_
Wetland AE-. % €A} VE
restoration and EuzZ}A E A_v
NO2 |Loc management 0- VC Z 1}eC+*S§ 3 240 -
NO4 |Loc Remeandering 1 161| 27,63
Stream bed re
NO5 |Loc naturalization 2 16,34 2,33
Widenning or
removing of flood
T2 Loc protection dikes 1 161 -

At the initial stage, individual N(S)WRMs were merged under one (of the same) type and then

aggregation was performed. Aggregated measures include a group of measures whose

implementation in a similar way improves the retention properties of the catchment area, and

assessment of the effects of in dividual activities, without detailed field or model studies at the

current level of knowled ge, is not possible. For the expert variant 4 records (A04 2WRALjNO2,

NO3 2ERjDO1- BPDAT1)were received and for the local preferences variant 10 records (A02 jA04

tWRAL;&1ij &NAfj
Tab. 2 and Tab. 3).

Tab. 2 Aggregated measures identification

Eifii EER;

Eidj HBARG

2expert variant

1 ABPDAT2)for variant local , see records in

No | Individual Individual measure name Aggregated Aggregated measure name
measure |ID measure 1D
1 A04 Strip cropping along contours WRAL WRAL- best practices for Water Retention
in Agricultural Lands
2 NO2 Wetlands restoration and ER ER- Ecosystems Restoration /
management renaturisation of water dependent
ecosystems
3 NO3 Floodplain restoration and ER ER- Ecosystems Restoration /
management renaturisation of water dependent
ecosystems
4 D01 Regulated outflow from BPDA BPDA- Best Practices on Drained Areas
drainage systems
5 T1 Polders, dry flood protection T1 Polders, dry flood protection reservoirs,
reservoirs, sediment trapping sediment trapping dams
dams

Tab. 3 Aggregated measureidentification

2|ocal preferences variant

No | Individual Individual measure name Aggregated | Aggregated measure name
measure ID measure |D

1 A02 Buffer strips and hedges A02 Buffer strips and hedges

2 AO4 Strip cropping along contours WRAL WRAL- best practices for Water

Retention in Agricultural Lands

3 FO1 Forest riparian buffers FO1 Forest riparian buffers

4 FO5 Land use conversion AF AF - Afforestation

5 NO1 Basins and ponds NO1 Basins and ponds
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No | Individual Individual measure name Aggregated | Aggregated measure name
measure ID measure |D
6 NO2 Wetland restoration and management ER ER- Ecosystems Restoration /
renaturisation of water dependent
ecosystems
7 NO4 Re-meandering NO4 Re-meandering
8 NO5 Stream bed re-naturalization BPRC BPRC2natural channels and Best

Practises of River Channels
maintenance

9 D05 Infiltration reservoirs and ditches BPDA BPDA- Best Practices on Drained
Areas
10 T2 Widening or removing of flood T2 Widening or removing of flood
protection dikes protection dikes

In the local preferences variant there exist only one individual measure relevant to one type
of aggregated measure, so in fact no aggregation of measures in necessary and codes of individual
measures may not be necessary replaced by codes of aggregated measures in the calculation
below.

For each measure, the intensity criteria and the threshold values for characteristic intensity
levels were defined. According to the assumptions of the StaticTool method, the expected
improvement in the catchment retentio n properties depends on the type and level of intensity of
SODQQHG PHDVXUHYV 7KUHH OHYHOV RI PHDVXUHV:- LQWHQVLW\ ZHUH Gl
They correspond to three levels of the expected improvement in the catchment retention
properties (e. g. small, average and large). Four threshold values were used: TO 2no action, Tlow
2the boundary between low and medium intensity, Thigh  2the limit between medium and high
intensity and Tmax, which corresponds to the hypothetical maximum possible intensity of
measure. There were determined expert assessments of the impact of aggregated measures on
three elements of the catchment retention properties (low flows, high flows and erosion), with
PD[LPXP LQWHQVLW\ RI PHDVXUHV . DSS Ooildd aRyEneréllassessm@dV QHHGHG V
of measures (three above-mentioned elements together) and defining effect coefficients for lower
than maximum intensity of measures. For the assessment of the impact of aggregated measures
on three elements of the catchment r etention properties a 6 -grade scale was adopted from 0 to
5, where:
X 0-means no positive impact on the retentigmopertiesof the catchment area, and
X 5 tmeansvery high positive impact on the retentigmopertiesof the catchment area
The tables below show the parameters used for calculations in the expert and local

preferences variants (Tab. 4- Tab. 7).
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Tab. 4 Impact of measures on three elements of the catchment retention  properties 2expert variant
Low High ual
No | Code Aggregated measure name g Q . AVG
flows flows Erosion
WRAL- best practices for Water Retention in Agricultural
1 | WRALAO4 P g 0 2 4 2.00
Lands
ER- Ecosystems Restoration / renaturisation of water
2 |ER v 0 5 4 3.00
dependent ecosystems
3 BPDADO1 | BPDA- Best Practices on Drained Areas 2 3 2 2.33
Polders, dry flood protection reservoirs, sediment
4 |11 1S iy Tood p 0 5 3 2.67
trapping dams
Tab. 5 Impact of measures on three elements of the catchment retention properties - local variant
Low High ual
No Code Aggregated measure name g Q . AVG
flows flows Erosion
1 A02 Buffer strips and hedges 1 1 3 1.67
WRAL- best practices for Water Retention in Agricultural
2 | WRALAO4 P g 0 2 4 2.00
Lands
3 FO1 Forest riparian buffers 0 1 3 1.33
4 AF/FO1 AF - Afforestation 3 3 4 333
5 NO1 Basins and ponds 3 3 2 267
ER- Ecosystems Restoration / renaturisation of water
6 | ERINO2 y 0 5 4 3.00
dependent ecosystems
7 NO4 Re-meandering 0 2 2 133
BPRC2natural channels and Best Practises of River
8 BPRC/NO5 . 4 4 2 3.33
Channels maintenance
9 BPDA/DO5 | BPDA- Best Practices on Drained Areas 0 2 2 133
10 T2 Widening or removing of flood protection dikes 0 3 3 2.00
Tab. 6 List of parameters for measures in expert variant
Agzrezh 4 Intensity thresholds Grade thresholds [3] Grade values
Mo sort_AVG No Measure ID | Aggregated English Definition of the intensity criteria in English TO Thow Thigh Tmax |Grade_max| E3%0 Elflow | E%high | E3tmax ED Elow Ehigh | Emax
Arable land area on which best practices of water
1 1 WRAL agricuiture retention are appied and SPU area ratio 0,00 0,30 0,50 1,00 1] 30 BO 100 0,00 1,20 3,20 4,00
[kmz/kmz]
Total area of restored (and managed) wetiands,
4 2 ER swamps floodplains and reconnected ox-bows and SPU 0,00 0,10 0,40 1,00 o 80 o5 100 0,00 3,00 4,75 5,00
area ratio [kmz/kmz2]
H 3 BFDA drainage systems ::::_:—:“:‘:::‘:ﬂ TR 0,00 0,05 0,15 1,00 o 80 =5 100 0,00 2,40 3,50 4,00
3 a TL Poiders, dry flood protection reservoirs, :‘fﬁl::::::p;i:jg:i;jmﬁ-’ 0,00 0,05 0,20 1,00 o 80 =5 100 0,00 3,00 4,75 5,00
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Tab. 7 List of parameter s for measures in local preferences variant

Azzrezhl 10 Intensity thresholds Grade thresholds [5] Grade values
Mosort AVG | Mo Measure ID | Aggregated English Definition of the intensity criteria in English To Thow Thigh Tmax |Grade_max| E%0 | e%ow | e¥high | E¥max | E0 Blow | Ehigh | Emax
Buffer strips density - total lenght of strips and
5 1 a0z Buffer stips and hedges e densty e 0,00 0,50 2,00 5,00 3 [} 0 95 100 0,00 1,80 2,85 3,00
SFU area ratio [km/kmz]
Arable land ares on which best practces of water
5 = AD4 Strip cropping akong contours retention are appiied and SPU area ratio 0,00 0,30 0,50 1,00 3 L] 30 50 100 0,00 0,50 2,40 3,00
[km2/kmz]
§ Total lenght of forest riparian buffiers and doubied
2 5 FoL Forest riparian buffers . 0,00 0,30 0,70 1,00 2 L] 30 70 100 0,00 0,80 1,80 2,00
enght of water courses in SPU ratio [km/km]
§ Mewty sfforested area and SPU ares ratio
10 a Fo5 Land use conversion 0,00 0,05 0,20 1,00 [} 0 95 100 0,00 3,00 4,75 5,00
[kma2/kmz]
Total area of basin and ponds and SPU area ratio
3 5 o1 Basins and ponds . 0,00 0,01 0,10 1,00 L] 60 =5 100 0,00 2,40 3,80 4,00
[km2/kmz]
Total area of restored {and managed) wetiands,
s 5 o2 Wet'and restoration and manzgement | ficodplaing and reconnected ox-bows and 5PU 0,00 0,10 0,40 1,00 L] 80 B 100 0,00 3,00 4,75 5,00
area ratio [km2/km2]
_ X Total length of re-meandered water bodies and
£l 7 noa Re-meandering - y . 0,00 0,30 0,50 1,00 2 0 30 50 100 0,00 0,60 1,20 2,00
water bodies length in 5PU ratio [km/km]
Total length of restored water bodies [naturs
4 B oS Stream bed re-ngturaization stream bed, bank protection removal, etc) and 0,00 0,20 0,50 1,00 2 L] 20 50 100 0,00 0,40 1,20 2,00
water bodies lenzth in SPU ratio [km/km]
y . . § Drained ares under Best DA Fractices and SFU
1 s Dos Infiitration reservairs and ditches [similar 0,00 0,05 0,15 1,00 2 [} 0 95 100 0,00 1,20 1,90 2,00
ares ratio [km2/km3]
- Active fioodplain area and max [during HHQ)
10 T2 Widening or remaving of flood protection) 0,00 0,05 0,20 1,00 3 L] 60 =5 100 0,00 1,80 2,85 3,00

fioodplain ares in SFU ratio kma2/km2]

For each planned measure (in SPUSs), its intensity was given, expressed in accordance with
the adopted intensity criterion definitions. For each SPU in the columns corresponding to
individual measures, there was provided their intensity, with the value 0 - meaning no measure
in the given SPU will be realized , and 1 2planning the measure with the maximum possible

intensity. Intensity levels for 40 SPUs were determined for the BlIh  pilot catchment.

Defining the measures of the intensity and determining the thresholds for the characteristic
levels of intensity (low, medium, high) was done with methodology developed by the company
Pro-Woda (Tyszewski S. 2019).

Further the external expert with local knowledge and experiences in the field of assessment
the efficiency of natural small retention measures was con tacted and proposal of efficiency of
each of measures defined in the catalogue of measures in more consultation rounds. There was
assessed the potential effect of each measure within the five grade scale where 0 means no effect
to particular goal and 5 means the maximum effect for particular goal. As the impact of different
types of flood protection is different for  small and extreme events, there was prop osed to provide
assessment for five groups of goals:

- low flows

- quality

- high flows- small flood4Q1-Q10

- high flows- medium floodgQ10-Q50

- high flows- extreme flood4Q50-Q1000
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For the water management structures there was proposedto divide measure T3 into two sub -
groups:

- bigger and medium size water reservoirs
- smallshallowwater reservoirs and fishpondkess thanl 000 n¥)

The results of Mr. Marek omaj from Water Research Institute are showed in the Annex.

Further the d iffer ent alternatives of measures proposed for local preferences variaant were

examined. These are three alternatives assuming that:

a. Alternative a) - As criteria there was used 'km?km 2 pinstead ‘km/km 2 pfor measures

FO1, NO4 and NO5and "km/km pfor measure AO2 According the developed methodology

for each planned measure (in SPUs), its intensity is given, expressed in
accordance with the adopted intensity criterion definitions. This alternative is
relevant only for some of measures proposed within local pref erences variant.

b. Alternative b) - For each of the variant we triedtoselect RQO\ "PRidiesmt RHDV XUHV u

for high flows, low flows and quality

c. Alternative ¢) 2based on results of consultation with national expert on concretizing the
effects of measures for particular goals taking into account different discharges in rivers
varying from Q10 up to Q1000 was ceated the alternative to minimize impacts of low

flow conditions .

The scope of testing is to compare improvement of valorization results for entire pilot area
or for individual SPUs. The valorization results are calculated according Valorization method
developed within project, for more information see (3 ). Results of catchment valorization are
shown in Fig. 1 where needs and possibilities of water retention are calculated for each particular
SPU inthe Blh pilot catchment.
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Fig. 2 Map of needs and possibilities of water retention in SPUs

4.1. For the expert variant
Type and localization of a Il the measures proposed for the expert variant in particular SPUs

are showed in Fig. 2.

The results of the assessment were obtained from the Sta ticAssessment table of
StaticTool.xIsm. This table contains the cumulative assessment for the entire pilot catchment and
partial assessments for each group of measuresand for each SPU

The obtained results show that the highest impact on the final grade had aggregated
measures- best practices on drained areas (BPDA = 30.80, then other 3 measur es had significantly

lower impact: Ecosystems Restoration/ renaturisation of water dependent ecosystems (ER =
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12.51), Polders, dry flood protection reservoirs, sedi ment trapping dams (T1 = 6.00) and lowest
impact on the finale grade had aggregated measures - best practices for Water Retention in
Agricultural Lands (WRAL = 5.78).In order to assess a single SPU while taking into account the size

of the catchment area, additional calculations were made according to the following equation
638 JUDGHV )B638 Q )B638 7KH UHVXOWY DUH VKRZQ LQ 7DE

The greatest impact on the final assessment had SPU 02, 09, 38which are characterized by
high values of SPU grade and used measuresThe SPU rating which does not take into account the
area showssimilar results: the highest rating was obtained by SPU 38 in which measurements like
ecosystems restoration and water retention in agricultural lands are planned. In a situation where
the SPUs have different sizes, comparing their ratings is questionable. The final rating for the
catchment also depends largely on the size of the SPUs. This variant contained a large number of
measures with low efficiency, therefore the SPU assessment results are spatially dispersed and

their discrepancies are small. The overal | rating for this option is 1.77 .
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Tab. 1. Assessment of the effectiveness of the expert variant

m 4 Grading of the Program of Small Water Retention Measures
E Number of 20 e § 2 3 a Catchment gra_de for current
| SPUs vanant
Grade for a measure (total by SPUs): | 5,78 12,31 | 30,80 6,00 1,54
Measure Id b 2rade
No. SPUId |SPUname User * | wea R oA i SPU grades S::JF 0
F_SPU [km®] [kmz/km2|km2/kmz{kmz/kmz2|km2/km2 JEIF_SPU
1 [ spu ot | [ 779 | o011 | 038 | | 23a | 2,82 | o,093413
2 SPU_02 7,33 0,02 3,09 2,35 5,46
| 3 SPU_D3 7,27 0,93 0,93 0,02887E
a4 SPU_O4 2,35 0,21 1,48 1,77 3,47 0,137861
5 SPU_OS 8,22 0,04 1,53 1,32 2,89 0,100052
7 SPU_07 4,23 2,45 2,46 0,044255
8 SPU_OE 7,85 0,42 0,42 0,014087
g SPU_0% 17,20 0,01 3,28 3,29
: 10 SPU_10 4,58 0,08 0,08 0,001612
| 11 SPU_11 13,27 0,07 1,00 0,95 2,02 0,114010
| 12 SPU_12 5,52 0,05 3,85 3,91 0,142017
13 SPU_13 5,29 0,05 3,83 3,87 0,098555
14 SPU_14 10,10 0,08 0,24 1,18 1,51 0,054549
15 SPU_15 5,80 0,58 2,65 3,34 0,125058
* 15 SPU_16 0,04 3,88 3,98 0,000704
. 17 SPU_17 0,52 0,12 0,12 0,000325
k 18 SPU_18 10,22 0,00 0,00 0,000167
| 20 SPU_20 6,17 0,86 0,86 0,022615
21 SPU_21 5,54 0,40 0,40 0,009875
, 22 SPU_22 2,29 0,15 0,16 0,001551
| 25 SPU_25 5,52 0,20 0,71 0,91 0,026254
| 25 SPU_25 5,61 0,08 0,08 0,001851
| 27 SPU_27 5,45 0,03 0,03 0,001137
28 SPU_2E 4,54 0,52 0,62 0,012017
30 SPU_30 7,26 0,15 0,15 0,004557
31 SPU_31 5,05 0,17 0,20 0,38 0,005704
32 SPU_32 5,20 0,41 0,41 0,008570
33 SPU_33 7,87 0,18 0,18 0,005185
. 34 SPU_34 11,57 0,21 0,21 0,010250
| 35 SPU_35 5,53 1,37 0,09 1,46 0,041200
| 37 SPU_37 2,14 1,19 1,19 0,010838
35 SPU_38 7,73 1,82 3,87 5,70 D, 187260,
| 32 SPU_39 3,57 0,05 0,06 0,000876
| 40 SPU_40 5,78 1,50 1,50 0,037049

Also alternative b) mentioned in the

chapter 3 was examined here. In Tab 2 we tried to

propose just those measures, which should improve water quality. Measures were selected base d

on highest impact grade on quality

2WRAL, ERThe overall rating for this option is 0.63 . In Tab 3

we tried to propose just those measures, which should improve high flows. Measureswere selected

based on highest impact grade on high flow 2ER, T1 The overall rating for this option is 1.38 . In

Tab 4 we tried to propose just those measures, which should improve lowf lows. Measures were

selected based on highest impact grade on low flow, in this case just one measure

selected. The overall rating for this option is 2.25 .

2BPDAwas
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Fig. 3 Map of assessment of the expert variant at the SPU level
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Tab. 2. Assessment of the effectiveness of the expert variant for quality improvement
Number of 4 Grading of the Program of Small Water Retention Measures
Number of = | e — n . 5 o Catchment gra_de for current
spUs wariant
Grade for a measure [total by SPUs): | 5,78 11,38 0,00 0,00 0,63
Measure Id by
Mo, SPU Id SPU name User WRAL R BrOA " SPU grades :;P:Ii::f
F_sPU[km®] |kmz/kmz|kmz/kmz|kmz/kmz|km2/kmz| SIF_SPU
1 011 | o038 0,48 0,02
2 002 | 30 3,11 o011
3 021 | L4s 1,60 0,08
4 004 | 15 1,57 0,06
5 0,42 0,42 0,02
8 0,01 0,01 0,00
7 0,08 0,08 0,00
B 007 | Lo 1,06 0,07
3 0,06 0,06 0,00
10 0,05 0,05 0,00
1 008 | 024 0,32 0,02
1 0,58 0,68 0,03
13 0,52 0,12 0,12 0,00
1 10,28 0,00 0,00 0,00
15 5,17 0,85 0,86 0,03
16 5,54 0,40 0,40 0,01
17 5,51 020 | o7 0,01 0,08
18 5,61 0,08 0,08 0,00
19 5,45 0,03 0,03 0,00
20 4,54 0,52 0,62 0,01
21 0,15 0,15 0,01
2 017 | o0 0,38 0,01
23 041 0,41 0,01
u 0,18 0,18 0,01
15 0,21 0,21 0,01
25 137 137 0,04
7 1,82 1,82 0,07
Tab. 3. Assessment of the effectiveness of the expert variant for improvement of high  flow conditions
number of 4 Grading of the Program of Small Water Retention Measures
Number of - e — 0 . . a Catchment gra_de for current
SPUS wariant
Grade for a measure [total by SPUs: | 0,00 | 1231 | 000 5,00 1,38
Measure Id by
No. SpUId 5PU name User WRAL ER BPDA " SPU grades SSP:I;im:JE
F_SPU [km2| km2,km2 |km2,/km2|km2/km2|km2/km2| JIF_SPU
1 0,38 134 37 0,20
] 3,08 235 5,44 0,38
3 0,53 0,93 0,06
4 5,36 1,48 1,48 0,13
5 522 153 132 2,85 022
6 13,27 L00 1,00 0,13
7 10,10 0,24 0,24 0,02
£ 0,62 0,12 0,12 0,00
g 6,52 071 0,71 0,05
10 546 0,03 0,03 0,00
1 4,54 062 0,62 0,03
12 7,26 0,15 0,15 0,01
1 5,06 0,20 0,20 0,01
1 182 1,82 0,13
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Tab. 4. Assessment of the effectiveness of the expert variant for improvement of low  flow conditions

Number of

4 Grading of the Program of Small Water Retention Measures
Number of - - a = . = Catchment gra_de for current
SPUs variant
Grade fora measure [total by SPUs): [ 0,00 0,00 30,80 [ 000 2,25
Measure 1d by

No. SPU Id SPU name User WRAL ER BFDA ™ SPU grades S;Pfli::_le
F_SPU [km’] kmz/kmz[kmzkmz|kmz/kmz |kmz/km2| JEF_SPU

1 SPU_D4 3,35 1,77 1,77 0,16
2 SFU_07 4,3 2,45 2,46 0,10
3 SPU_02 17,20 3,28 3,28 0,55
4 SPU_11 13,27 0,26 0,96 012
5 SEU_12 5,59 3,85 3,85 0,32
5 SRU_13 5,80 3,83 3,83 0,22
7 SPU_14 10,10 1,18 1,18 0,12
E] TPU_1S 5,50 1,88 2,66 0,23
g SFU_16 0,04 3,98 3,98 0,00
10 SRU_22 2,39 0,16 0,16 0,00
11 SFU_36 5,53 0,08 0,09 0,01
1 TPU_37 2,14 1,19 1,19 0,02
13 TPU_3E 7,73 3,87 387 0,28
14 SPU_AD 5,78 1,50 1,50 0,08

Based on the overall values of calculated grades it can be assumed that when selecting only
measures to improve low flow conditions the effect for whole pilot area will be higher (2.25 to
1,77).

Type and localization of all the measures proposed for the expert variant in particular SPUs

are showed in Fig. 2.

The results of the local preferences variant assessment are also presented in the form of a
table (Tab. 5) and map (Fig. 4). In this variant , wetland restoration and management (N0O2 =13.56)
and widening or rem oving of flood protection dikes (T02 = 10.36) have the greatest impact on the
final score. Less impactful measures are polders, dry flood protection reservoirs, sediment
trapping dams (TO1 = 7.15) and land use conversion (FO5 = 4.17). The impact of other measures is
negligible. In order to assess a single SPU while taking into account the size of the catchment
area, additional calculations were made according to the followi ng equation SPUgrades * F_SPU/Q

F_SPU. The results are shown

The greatest impact on the final assessment had SPU 12 and 09 SPl$ assessment without
taking into account the area gives different results, and in this case the SPU s 12, 16, 13, 17
dominate with a score of 12 =6.28,16 =5.9, 13 =5.28, 17 =4.57. These variantsincluded a small
number of measures with high efficiency which caused the SPUs assessment results to be
cumulated only in 4 SPUs (12, 16, 13,17) and divergences between them and others are very

significant. The overall rating for this variantis 1.68.
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Tab. 5. Assessment of the effectiveness of the local preferences variant

fpDes of 10 Grading of the Program of Small Water Retention Measures
Bl 20 Measure No. 1 2 3 a s s 7 8 9 jo) (GRSt e
|SPUS variant
Grade for a measure (total by SPUs): | 0,70 0,93 2,18 4,17 1,77 | 1356 | 1,08 0,26 046 | 10,40 1,63
- e e mas::{" L e A0a FO1 FOS nNO1 nO2 nNO4 NOS D05 T2 etigrades SSP:';Sx
F_SPU [km®] | km/km2 [km2/km2| km/km |km2/kmz[km2z/kmz|km2/km2| km/km | km/km |km2/km2|km2/km2| /zr:spu
1 | spuo1 | T 727 f 002 | | | 002 | 0ot | [ | 002 | 0,07 0,003580
2 SPU_02 7,33 1,66 0,02 1,68 0,082060
a SPU_04 9,36 0,01 0,01 0,000792
5 SPU_0S 8,22 1,39 0,23 1,62 0,095037
7 SPU_O7 2,23 0,08 0,47 0,04 0,57 1,15 0,035213
E SPU_09 17,20 0,34 1,11 0,39 0,17 0,27 0,45 2,74
10 SPU_10 4,58 0,01 0,01 0,00 0,02 0,04 0,001414
11 SPU_11 13,27 0,23 0,45 0,11 0,55 1,35 0,129282
12 SPU_12 8,52 0,40 305 | o013 1,24 0,20 0,19 1,49 6,71
13 SPU_13 5,99 0,52 0,14 0,53 0,07 0,75 2,29 0,092195
14 SPU_14 10,10 0,11 0,29 0,05 0,35 0,81 0,052088
15 SPU_15 5,50 0,07 0,17 0,04 0,00 0,20 0,48 0,030268
16 SPU_16 0,04 0,05 3,12 0,02 2,30 5,49 0,001650
17 SPU_17 0,52 0,15 2,28 0,07 1,98 4,89 0,020229
21 SPU_21 5,84 0,01 0,01 0,000502
35 SPU_35 4,08 0,01 1,63 | 000 0,00 0,00 1,64 0,048437
35 SPU_35 5,63 0,26 0,44 0,13 0,00 0,53 1,36 0,055210
37 SPU_37 2,14 0,18 0,18 0,002822
38 SPU_38 7,73 0,70 0,30 0,98 0,15 1,17 3,31 0,184831
40 SPU_40 5,79 0,04 0,00 0,00 0,00 0,00 0,05 0,001963
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Fig 4 Map of assessment of the local preferences variant at the SPU level

Also alternative b) mentioned in the chapter 3 was examined. In Tab. 6 we tried to propose
just those measures, which should improve water quality. Measures were selected bases on
highest impact grade on quality 2A02, FO1, FO5, NO2, A04, T2. The overall rating for this option
is 1.55. In Tab 7 we tried using just those measure, which should improve on high flows. Measures
were selected based on highest impact grade on high flow 2F05, NO1, NO2, D05, A04, T2. The
overall rating for this option is 1.68 . In Tab 8 we tried to propose just those measures, which
should improve low flows. Measures were selected based on highest impact grade on low flow, in

this case just measures F05, NO1, DO5. The overall rating for this option is 1.31 .
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Tab. 6. Assessment of the effectiveness of the local preferences variant for quality improvemen t
Number of - .
10 Grading of the Program of Small Water Retention Measures
Number of 1 PP 1 2 3 = 5 6 = 3 g 10 Catchment gra_de for current
LSPUS varant
Grade for a measure (total by SPUs): 0,70 0,83 2,16 4,17 0,00 13,56 0,00 0,00 0,00 10,40 1,54
Measure Id by SPU_grade
A AR User A02 A04 FO1 05 nNOL No2 nNo4 NOS D05 T2 e i
F_SPU [km’] | km/km2 [km2/km2| km/km [km2/km2[km2/km2|km2/km2| km/km | ke/km |km2/km2|km2/km2 JIF_SPU
1 “sPU_O1 779 0,02 ] 0,02 | 002 0,06 | o,003478
2 SPU_02 7,33 1,66 1,66 0,024348
5 SPU_0S 8,22 1,39 1,39 0,088374
7 SPU_O7 4,23 0,08 0,47 0,57 1,11 0,036491
B SPU_02 17,20 0,34 1,11 0,38 0,45 2,30
10 SPU_10 4,58 0,01 0,01 0,02 0,04 0,001378
11 SPU_11 13,27 0,23 0,45 0,55 1,23 0,127025
12 SPU_12 5,52 0,40 3,06 1,24 1,49 6,19
13 SPU_13 5,98 0,69 0,14 0,63 0,76 2,22 0,103134
14 SPU_14 10,10 0,11 0,29 0,35 0,75 0,059101
15 SPU_15 5,50 0,07 0,17 0,20 0,44 0,028844
16 SPU_16 0,04 0,05 3,12 2,30 5,47 0,001762
17 SPU_17 0,52 0,15 2,28 1,98 3,42 0,021338
21 SPU_21 5,84 0,01 0,01 0,000545
3s SPU_35 4,08 0,01 0,00 0,00 0,01 0,000259
35 SPU_38 5,63 0,26 0,44 0,53 1,23 0,053325
37 SPU_37 2,14 0,18 0,18 0,003027
38 SPU_38 7,73 0,70 0,30 0,95 1,17 3,15 0,188123
a0 SPU_40 5,79 0,04 0,00 0,00 0,00 0,05 0,002053
Tab. 7. Assessment of the effectiveness of the local preferences variant for improvement of high flow
conditions
Number of o .
10 Grading of the Program of Small Water Retention Measures
Shsatirol 17 Measure No. 1 2 3 a s s 7 8 5 10 || e R
SPUS variant
Grade for a measure {total by SPUs): | 0,00 0,00 0,00 417 | 1,77 | 1356 | o000 0,00 000 | 10,40 1,46
Measure Id by
SPU_grade
S S| Sets e S A02 Aca FO1 OS5 nNo1 nNO2 noa NOS Dos T2 i) o e
F_SPU[km’] km/km2 |km2/km2| km/km |km2/km2lkm2/km2lkm2/km2| km/km | km/km |km2/km2km2/km2| JTF_SPU
1 SPU_OL 7,79 [ ] | | 002 [ | o002 | 0,04 | o0,002700
2 SPU_02 7,33 1,66 1,66 0,100573
5 SPU_05 8,22 1,39 1,39 0,094204
7 SPU_O7 4,23 0,47 0,57 1,04 0,036173
9 SPU_02 17,20 1,11 0,39 0,45 1,96
10 SPU_10 4,58 0,01 0,02 0,03 0,001173
11 SPU_11 13,27 0,45 0,55 1,01 0,110589
12 SPU_12 8,58 3,08 | 013 1,24 1,49 5,93
13 SPU_13 5,20 0,63 0,76 1,39 0,088658
14 SPU_14 10,10 0,29 0,35 0,65 0,053884
15 SPU_15 8,80 0,17 0,20 0,37 0,026704
16 SPU_16 0,04 3,12 2,30 5,42 0,001863
17 SPU_17 0,62 2,28 1,98 4,27 0,021983
35 SPU_35 4,08 1,63 | 0,00 0,00 1,63 0,054985
35 SPU_36 6,63 0,44 0,53 0,97 0,053328
38 SPU_38 7,73 0,38 1,17 2,15 0,137526
a0 SPU_40 5,79 0,00 0,00 0,00 0,000120
Tab. 8. Assessment of the effectiveness of the local preferences variant for improvement of low flow condition
Number of = .
10 Grading of the Program of Small Water Retention Measures
it 3 Measure No. 1 2 3 a s s 7 8 ° 10 [ ats k.
SPUS variant
Grade for a measure (total by SPUs): | 0,00 0,00 0,00 4,17 1,77 | 0,00 0,00 0,00 0,00 0,00 1,78
Measure Id by
SPU_grade
- et |Srunare — a02 A0a o1 05 NOL no2 NO4 NOS DOS T2 et grad Rl
F_SPU [km®] | km/km2 [km2/km2| km/km [km2/kmzlkm2/km2lkm2/km2| km/km | km/km |km2/km2|km2/km2|
° sPu_0s | 170 i ] 111 | I I i ] I 1,11
12 SPU_12 5,58 306 | 013 3,20
35 SPU_35 4,08 1,63 1,63

Based on the overall values of calculated grades it can be assumed that the effect for whole

pilot area is the highest when taking into account all of proposed measures (1.68).
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Results of assessmentsfor all three phenomena are shown in the Fig, 5, 6 and 7.

Assessment of local_Q variant in SPU
[ <0,003476

[ <0,036491

[ <0,063325

[ <0,127025

[ <0,189123

I <0,412454

:I lake

river

Fig. 5 Map of assessment of the effectiveness of the local preferences variant for quality improvement
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Assessment of local_HF variant in SPU
[ <0,002700

[ <0,026704

[ <0,036173
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river

Fig. 6 Map of assessment of the effectiveness of the local preferences variant for improvement of high flow

conditions
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Assessment of local_LF variant in SPU
[ <0,000000

[ <0,222692

[] <0,639183

I <0,920293

[ 1ake

river

Fig. 7 Map of asessment of the effectiveness of the local preferences variant for improvement of low flow
conditions

Alsoalternative a) mentioned in the chapter 3  taking into consideration the change of criteria
from ‘km/km pand ‘’km/km 2 to ‘km?km 2~ was examined here. Results and chosen criteria are
shown in the tables Tab. 9 and tab. 10 and assessments are shown in Fig. 8 and 9. Based on the
reached grading (1.41, 1,37) it seems to be even less efficient alternative as calculated above, so

the change of criteria was wrong and we have to keep criteria proposed by project.
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Tab. 9. Assessment of the effectiveness of the local preferences variant with changed criteria

Nomber et 10 Grading of the Program of Small Water Retention Measures
Phoprdipr 20 Measure No. 1 2 3 4 5 5 7 8 9 0 [CACSUSREMEnECuTEN
SPUs variant
Grade for a measure {total by SPUs): | 0,01 0,93 0,73 417 | 1,77 | 1356 | 073 0,02 045 | 1040 1,41
Y 2 M“:':rw % | ac2 A0a FOL OS5 NOL NO2 NO4 NOS DOS T or) pradles 5::';875:9
F_SPU [km‘] km2/km2|km2/kmz|km2/km2|km2/km2km2/km2lkm2/km2|km2/km2 | km2/km2|km2/km2|km2/km2 /T F:spu
1 | spuot I 0,00 | 00z | 000 0,02 0,04 | o,002505
2 SPU_02 7,33 1,66 0,01 1,67 0,088270
a SPU_04 9,36 0,00 0,00 0,000087
5 SPU_06 8,22 1,39 0,01 1,40 0,083038
7 SPU_O7 4,23 0,03 0,47 0,03 0,57 1,10 0,033556
9 SPU_09 17,20 0,03 1,11 0,39 0,03 0,27 0,46 2,28
10 SPU_10 4,58 0,00 0,01 0,00 0,02 0,03 0,001085
11 SPU_11 13,27 0,03 0,46 0,03 0,55 1,07 0,102588
12 SPU_12 8,59 0,08 3,06 | 013 1,24 0,08 0,19 1,48 6,28
13 SPU_13 5,99 0,62 0,04 0,63 0,04 0,76 2,17 0,003717
14 SPU_14 10,10 0,02 0,28 0,02 0,35 0,68 0,049286
15 SPU_15 ) 0,01 0,17 0,01 0,00 0,20 0,39 0,024982
16 SPU_16 0,04 0,24 3,12 0,24 2,30 5,90 0,001775
17 SPU_17 0,62 0,15 2,28 0,15 1,98 4,57 0,020599
21 SPU_21 5,84 0,01 0,01 0,000509
35 SPU_35 4,08 0,00 1,63 | 000 0,00 0,00 1,63 0,048093
36 SPU_36 6,63 0,03 0,44 0,03 0,00 0,53 1,03 0,049536
37 SPU_37 2,14 0,18 0,18 0,002822
38 SPU_38 7,73 0,01 0,07 0,98 0,07 1,17 2,29 0,127994
a0 SPU_40 5,79 0,04 0,00 0,00 0,00 0,00 0,04 0,001523
Tab. 10. Assessment of the effectiveness of the local preferences variant with changed criteria for quality
improvement
Pmber of 10 Grading of the Program of Small Water Retention Measures
S 19 Measure No. 1 2 3 a s 5 7 8 e P [ et et
SPUS varant
Grade for a measure {total by SPUs): | 0,01 0,93 0,73 417 | oo0 | 135 | 000 0,00 0,00 | 1040 1,37
o S | Me“;':rm Y| A A04 FO1 FOS NOL NO2 nNo4 NOS D05 ir] S 5::';9;’:
F_SPU [krn‘l km2/km2|km2/km2|km2/km2|km2/km2jkm2/km2lkm2/km2|km2/km2|km2/km2|km2/km2|km2/km2| /Z F:SPU
1 SPU_OL 7,79 0,00 0,02 0,02 0,04 0,002610|
2 SPU_02 7,33 1,66 1,66 0,094349
6 SPU_05 8,22 1,38 1,39 0,088374]
7 SPU_O7 4,23 0,03 0,47 0,57 1,07 0,034263
B SPU_08 17,20 0,03 1,11 0,39 0,45 1,99
10 SPU_10 4,58 0,00 0,01 0,02 0,03 0,001134
11 SPU_11 13,27 0,03 0,45 0,55 1,04 0,105888
12 SPU_12 5,59 0,08 3,08 1,24 1,49 5,88
13 SPU_13 5,99 0,69 0,04 0,63 0,76 2,12 0,098566
14 SPU_14 10,10 0,02 0,22 0,35 0,67 0,052082
15 SPU_15 5,80 0,01 0,17 0,20 0,38 0,025810
16 SPU_16 0,04 0,24 3,12 2,30 5,66 0,001825
17 SPU_17 0,62 0,15 2,28 1,88 4,42 0,021358
21 SPU_21 5,84 0,01 0,01 0,000545
35 SPU_35 4,08 0,00 0,00 0,00 0,00 0,000013
36 SPU_36 6,63 0,03 0,44 0,53 1,00 0,051611
37 SPU_37 2,14 0,18 0,18 0,003027
38 SPU_38 7,73 0,01 0,07 0,88 1,17 2,22 0,133374
a0 SPU_a0 5,79 0,04 0,00 0,00 0,00 0,04 0,001951
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Assessment of local_p variant in SPU
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Fig. 8 Map of assessment of the local preferences variant with changed criteria at the SPU level
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Assessment of local_Q_p variant in
SPU

[ <0,001134
[] <0,003027
[] <0,034963
[ =0,052082
[ <0,133374
I <0,391457
[:l lake

river

Fig. 9 Map of assessment of the effectiveness of the local preferences variant with changed criteria for
quality improvement

Also alternative c¢) mentioned in the chapter 3 based on the consultation with an external
expert the variant with the most effective measures for minimizing the negative effects of low
flow conditions were calculated . Even if the measures selected by national expert were not
proposed in local preferences variant. The results are shown in Tab. 11. Intensities and grades

were kept the same as proposed by project consortia.
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Tab. 11. Assessment of the effectiveness of the local preferences variant (measures proposed by external
expert) for improvement of low flow condition

The total grade for area reached is 0.79 which is less than in calculations above. It seems to

be not sufficient and further proposals of extents of selected measures should be examined.

The differences between variants result mainly from the spatial distribution, structure and
number of planned measures. The expert variant is characterized by a smaller number of measures
spread over an area of catchment (4 measure types and there of 1 aggregated measure spread
over 35 SPUs). Onthe contrary, the local variant contains 10 measure types and none of
aggragated measuresplaced in 20 SPUs. Despite these large differences, the assessment ratio of
the final score of the expertto local variantis 1.05 (1.77/1.68 ). Larger differences are noticeable
after comparing the spatial distribution, which is shown in Fig. 13 as a difference between local
and expert variants. The map shows that the local variant dominates in  the middle part of the

catchment.

Additionally, by carrying out a visual comparison of both variants (Fig. 14) and the
valorization map generated via valorization tool FroGIS (Fig. 2), it can be concluded that

introducing the expert variant will reduce the need for water retention in particularly sensitiv e
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areas, except upper parts of the catchment. In the upper parts of the  catchment, the need of
water retention comes out of idea to protect from floods lower parts of the catchment, which are
more inhabited (municipalities ). These seems to be in correlatio n with dynamic modelling results

for pilot catchment, for more information see  (11). On the other hand, in the local variant, in

most cases, it would improve areas with low water retention needs.

Maps of comparison of expert and local preferences variants were created by using the
method of natural breaks for six classes.

Fig. 10 Map of difference between local preferences and expert variant (green color shows dominance of local
variant and red shows the opposite)
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Fig. 11 Visual comparison of local preferences and expert variant assessments with the map of valorisation of
needs and water retention possib ilities
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In the following maps there are visualised differences between expert and local preferences
variants analysed within alternative a) where criteria of some measures were changed and
DOWHUQDWLYH E ZKHUH RQO\ "PRVW HIILFLHQW PHDVXUHVH IRU SDI

described in the chapter 3.

Alternative b) - fRU HDFK RI WKH ORFDO SUHIHUHQFHV YDULDQW ZH KDY
HITHFWLYH PHDVXUHVpy IRU SDUWLFXODU JRDO DV KLJK IORZV ORZ IOR

expert variant are shown in Fig. 15, 16 and 17.

Fig. 12 Map o difference between local preferences variant for quality improvement and expert variant (green
color shows dominance of local variant and red shows the opposite)
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Fig. 13 Map of difference between local preferences variant for improvement of high flow conditions and
expert variant (green color shows dominance of local variant and red shows the opposite)
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Fig. 14 Map of difference between local preferences variant for improvement of low flow conditions and
expert variant (green color shows dominance of local variant and red shows the opposite)

Also based on visual comparison of above showed figures for differences betw een expert
variant and alternatives of local preferences variant , it can be assumed that selection of measures

relevant for particular goal (low flow, high flow, quality) is most relevant for low flow conditions.

Alternative a) 2where the definition of intensity criteria for some of measures was changed
IURP "NPINBQG "NP NRw/RMRU™ 7 KL ¥lelant bhly for some of measures proposed
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within local preferences variant. See results of differences to expert variant in the following
figures Fig. 18, 19, 20 and 21.

Fig. 15 Map of difference between local preferences with changed criteria and expert variant (green color
shows dominance of local variant and red shows the opposite)
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Fig. 16 Map of difference between local preferences variant with changed criteria for quality improvement and
expert variant (green color shows dominance of local variant and red shows the opposite)
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Fig. 17 Map of difference between local preferences variant with changed criteria for improvement of high
flow conditions and expert variant (green color shows dominance of local variant and red shows the opposite)
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Fig. 18 Map of difference between local preferences variant with changed criteria for improvement of low
flow conditions and expert variant (green color shows dominance of local variant and red shows the opposite)

Based on visual comparison of above showed figures for differences between expert variant
and alternatives of local preferences variant with changed criteria, the trend is the same as for
alternatives of local preferences variant where the most relevant criteria are chosen. Differences

are obvious mainly for var iant of low flow conditions.
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Based on the testing of the StaticMethod and StaticTool.xlsm it can be concluded:

- StaticTool.xlsm seems to work properly even when using the pre -defined criteria and their
values

- variant with proposed measures in the upper part of catchment to reduce flood
impacts in the lower parts of catchments (municipalities) dynamic modelling results

- tocalculate parameters for proposed measures is quite time consuming but feasible

- results in the tool are quite easy to interpreted even for non expert but a short guide how to

do it and how to create the map will be efficient

- with the results obtained and after preparing the maps it was easy to compare particular

alternatives of natural small w ater retention measures
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Based on the experiences with testing of the StaticMethod and StaicTool.xIsm it can be
assumed:
- Content related:
0 How to interprate Grades is necessary to explain/to add somewhere in the tool
0 As intensities and maximum grades definitions are country/region/catchment

characteristics relevant, it will be efficient to include some recommendations

for future users of the tool if gained during the testing by PPs

0 As it is not necessary to use aggregated measure codes to run calculations, it
should be mentioned somewhere in the method ology, that calculations will run
anyway.

- Functionalities:

0 SKtranslation of names of aggregated measures is missing. We see it as valuable
information for national stak eholders, who will use the tool.

0 SK translations of definitions of intensities criteria are missing. We see it as
valuable information for national stakeholders, who will use the tool.

o ,W ZDV H[SHULHQFHG GXULQJ WKH WHVWL Qaéfike&kimW "JUH\ ILHC
automatically was necessary to overwrite manually.

o For local national stakeholders, it would be efficient to provide description of
Methodology on static assessnent of cumulative effect of N(S)WRM at the river
basin scale and of Manual on how to work with Static tool in national languages.

It will facilitate wider use of project deliverables.

Page 39



FramWat

Fig. 1 Type and localization of measures proposed for e xpert variant and for local preferences variant
...................................................................................................................... 5
I-:ig. 2 Map of needs and possibilities of water retention in SPUS o i, 13
Fig. 3 Map of assessment of the expert variant at the SPU level .......c.cccccccvcvevvciieeces v, 16
Fig 4 Map of assessment of the local preferences variant at the SPU level ............................ 20
Fig. 5 Map of assessment of the effectiveness of the local preferences variant for qu ality improvement
.................................................................................................................... 22
I-:ig. 6 Map of assessment of the effectiveness of the local preferences variant for improvement of |
high flOW CONAILIONS ..o vt avrerrenrenrenne e 23|
Fig. 7 Map of assessment of the effectiveness of the local preferences variant for improvement of |
IOW fIOW CONAILIONS ...vviiiiiiiiiiiiiciiiit ettt eeeeeeieeeeaeaeeeeeeaeee 24

I_:ig. 8 Map of assessment of the local preferences variant with changed criteria at the SPU level .26
Fig. 9 Map of assessment of the effectiveness of the local preferences variant with changed criteria _|J
27

for quality IMProvement ........cccccccviiiiiiiics e e
[Fig. 13 Map of difference between local preferences and expert variant (green color shows dominance |
of local variant and red shows the oppoSIte) ........ccccccvviiiiiiics i 29|
I_:ig. 14 Visual comparison of local preferences and expert variant assessments with the map of |
valorisation of needs and water retention pPOSSIDIIIES ... i, 30|
Fig. 15 Map of difference between local preferences variant for quality improvement and expert |
variant (green color shows dominance of local variant and red shows the opposite) ............. 31|
I-:ig. 16 Map of difference between local preferences variant for imp rovement of high flow conditions |
and expert variant (green color shows dominance of local variant and red shows the opposite)
.................................................................................................................... 32
Fig. 17 Map of difference between local preferences variant for improvement of low flow conditions
and expert variant (green color shows dominance of local variant and red shows the opposite)
.................................................................................................................... 33
I-:ig. 18 Map of difference between local preferences with changed criteria and expert variant (green |
color shows dominance of local variant and red shows the opposite) .........ccccvvcvveeeeeveeee e 34|
I_:ig. 19 Map of difference between local preferences variant with changed criteria for quality
improvement and expert variant (green color shows dominance of local variant and red shows
the OPPOSITE) wevvvviieiiiiicciiiiiiis eiviiiite e e e s eesciiirrees eeveeeeere—eeeaaaaeaeaaa———— 3E->|-
I-:ig. 20 Map of difference between local preferences variant with changed criteria fori  mprovement
of high flow conditions and expert variant (green color shows dominance of local variant and red
e R AN e e o = 36|
Fig. 21 Map of difference between local preferences variant with changed criteria for improvement
of low flow conditions and expert variant (green color shows dominance of local variant and red
shows the opposite) .........ccccveevvvvvveeennnnn. T o 37|-

Page40



FramWat

1 Basic parameters of proposed measures for expert variant (Exp) and for local preferences

N (T I T ..6
Tab. 2 Aggregated measures identification 2expert variant ........cccccccccevvciiieiiies eeeeviieeeeans 8
Tab. 3 Aggregated measure identification 2local preferences variant .........ccccccevvvvcveeviceee e 8
Tab. 4 Impact of measures on three elements of the catchment retention properties  2expert variant

................................................................................................................ 10
Tab. 5 Impact of measures on three elements of the catchment retention properties - local variant
.......................................................................................................................... 10
Tab. 6 List of parameters for measures in eXpPert Variant .......ccccccccvcciceeiiiiiees eevveieeeeesnees 10
Tab. 7 List of parameters for measures in local preferences vanant ... .. 11

Page4l



FramWat

(1) 3 XV aRAyskewska D., 2019. StaticTool method and the StaticTool_2020.xlsm application.
INTERREG CE project Framwat manuscript.

(2) Tyszewski S., Herbich P., Porretta Brandyk L., 2019. Elaboration and testing of the static tool
along with personal participation in the project meeting in Cracov : 20 -21 November 2019.
INTERREG CE project Framwat manuscript.

(3) D.T1.3.1 Report from pilot action 2testing the prototype of the FroGIS tool in the river basins,
Testing in the Blh pilot catchment .

(4) D.T2.3.1 Concept plan for N(S)WRM in river basins, Pilot catchment Blh, SWME

.R LFDgMaretta, M., =KRGQRWHQLH PRGQpPKR YS QDU K RMDMSW KF L
SUHYHQWtYQ\FK SRYMRGW HID BRVLDKQXWLIHQ BLPHRYW R0S@XRG RY pK
UL]JLND &4W-~GLD (3R, 7%DSORE®i ¥WLDYQLFD

RPDM 0 3RV~GHQLH SURWLSRYRG RYHM | LQQRVWL Y\EUDQ
LQIUDAWUXNW~U\ SRG D PHWRGLN\ 1:YODYFUMBQMEUIiYD %UDWL
(7) Styk, - (Uy]LD S{G ,Q .RE]JD - %DUDQ tNRYi * ODNRYQtNRYi
- aLui 0 .RPSOH[Qp ]KRGQRWHQLH DNWXiOQHKR VWDY

Krompachy 2 5XG D Qokole s GRSDGRP QD ULH&HQLH S{GRRFKUPQQ@FK R
VUPOPBratislava, 2019, s. 55 - 61. ISBN 97880-8163-028-6.

BW\N - 1iYUK UHJXOD Q@FK S{GRRFKUDQQ@FK RSDWUHQt |
%DUDQ tNRYi * / 'RGRN 5 +ULY iNRYi . ODNRYQtNRYi - 3i
6FKORVVHUWRYN - @&LUi O ORQLWRULQJ S{G 60RYHQVNHM UF
aYZsYRM PRQLWRURYDQ@FK YODYVWdDRahte §{® ENR PSR & NXEDYGD @ L X
(2007 2 9VOHGN\ LDVWNRYpKR PRQLWRYRY D ALMK RV \DAMp P .
ORQLWRURWQPKIRY SURVWUHGLD2QI2 (R EYRIGSE NPPC29gVNXPQg ~VWDY
S{GR]QDOHEMKYD Q\ S{G\ % UDWLVORMDSBN 97880-8163-004-0

6W\N - 3iOND %, *UDQWKELWM-IOH R DSOLNiIFLH SUL SUHGLNFLL S
VS{VREHQHM YRGRX 8intlagpliddiioiN toRi(g dRedi&iQn of soil erosion caused
E\ ZDWHU ,Q 3URFHHGLQJY 9HGHFNp SUIiIFH -1860I1SBN % UDW LV

978-80-89128-59-4.

6RERFNi - %H]IN 3 2@R.PAMNGNBPDWLFNp XVSRULDGDQLH NXOW
DNR SURWLHUY]QH . Pﬁi{ﬂ/\M\hMa@deradenstvo.sk/nove -poznatky—l

poda?article:1198l

(11) D.T2.4.1 Reports from testing the dynamic model to assess cumulative effect of N(S)WRM
3LORW $FWLRQ 60ODQi ULYHU EDVLQ %OK SLORW FDWFKPHQW 6

Page42



FramWat

Assessment of effects of natural small water retention measures based on national experiences,
HODERUDWHG E\ OU 0D URé¢dearéhPristivlite,: Bratidtaia.

Page43



