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Executive Summary

With the expansion of built-up areas and agricultural lands in Israel, as in the rest of the world, and the
expected increase in extreme rainfall events due to climate change, surface runoff volumes are rising, along
with the risk of flooding and consequent soil erosion. Addressing and preventing these damages usually
requires engineering interventions and continuous maintenance, which are often costly and dependent on the
collaboration of multiple stakeholders. These challenges highlight the growing need for integrated watershed
management that considers land uses contributing to runoff and erosion alongside sustainable land-use
solutions that can mitigate water flows and soil erosion at relatively low costs.

Nature-based Solutions (NbS) address societal challenges through actions to protect, sustainably manage,
and restore natural and modified ecosystems, benefiting both people and nature. In recent years, theoretical
knowledge and practical experience in implementing NbS for runoff and erosion management have
expanded, including in Israel. However, adapting these solutions to specific field conditions and assessing
their likelihood of success remain limited.

The Yavne'el watershed presents a mosaic of land uses, encompassing settlements, various agricultural lands,
and natural open spaces, some of which include afforestation managed by KKL-JNF. Due to their location
within the watershed and their ecological characteristics, these natural and afforested areas have the potential
to function as hydrological buffers, mitigating water flow and soil erosion along slopes and stream channels.
These areas also provide suitable sites for implementing NbS to address the challenges related to water
runoff and soil erosion.

The overarching goal of this study was to generate knowledge and tools that would enable the planning and
management of complex, multi-use watersheds and facilitate appropriate interventions for effectively and
sustainably addressing runoff and soil erosion issues, while also restoring natural systems and supporting
local biodiversity.

The research was divided into three main components: (1) Developing spatial maps and models of water
runoff and soil erosion for the Yavne'el Valley; (2) Conducting a literature review on NbS for managing
surface runoff and soil erosion in open landscapes; and (3) Evaluating the roll_of retention ponds in
supporting local biodiversity through vegetation surveys in two set of ponds implemented in the Yavne'el
and the Zor'im streams that were designed using an NbS approach to mitigate runoff and erosion. This part
included primary survey in the spring and supplementary monitoring in the summer, throughout the three
years of the study, to identify trends in plant diversity within different parts of the ponds and the nearby
natural channels.

Results: Based on an updated Land Use Land Cover (LULC) map for the Yavne'el Valley and runoff and
erosion measurements in a small sub-basin located in the upper part of the Yavne'el stream, a soil erosion
risk map (indicating the likelihood of erosion at each pixel), a hydro-morphological connectivity model
(assessing the probability of eroded soil reaching downstream locations), and a hydrological model at the
watershed scale (estimating flow discharge following rainfall events) were developed. The erosion potential
map and connectivity model indicated that many areas of the valley, particularly those with steep slopes and
extensive agricultural activity, are at high risk of erosion. The southwestern parts of the valley, characterized
by steeper slopes and predominantly field crops, exhibited a particularly high erosion risk.

From a hydrological perspective, the calibrated model that was developed using the HEC-HMS platform
presented reasonable predictions of the watershed’s hydrological response. The optimal lag time of the
channels was found to be 60 minutes, and applying Curve Number values under dry soil conditions (AMC I)
provided the best approximation of measured flow rates. The model seems to better predict the hydrographs
that follow small rainfall events, whereas for larger events, it overestimated the overall flows, likely due to
mapping resolution limitations that obscured small but significant buffer areas for runoff reduction.
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The literature review identified several key principles in applying NbS for water runoff and soil erosion
management, including morphological interventions such as restoring natural meandering flow patterns,
widening channels, and reintroducing floodplains; using natural materials such as wooden barriers and local
rock formations to stabilize river banks and to slow down water flow; and vegetation management involving
native species planting, buffer strip creation, and invasive species removal.

The vegetation survey revealed high species richness in the retention ponds and the adjacent natural channels
relative to the sampled area, with over 230 species identified across three years, most of them annuals. In
most monitoring sites, the dominant species were those that mainly characterize disturbed habitats, which
were more prevalent in the semi-artificial ponds than in the natural streams. This group included
alien/invasive species that thrived particularly in the summer, taking advantage of the relatively moist new
habitat compared to the surrounding dry valley. Many species that mainly characterize natural habitats were
also identified, showing a slight increase in their presence over the three-year study period, suggesting a
trend toward establishment, provided further disturbances are minimized. Some wetland-oriented species
were found in both the ponds and the streams, with a higher diversity observed in the Yavne'el stream than in
the Zor'im stream, although no clear trend was detected in their numbers over the study period.

In conclusion, while this study focused on the Yavne'el Valley, its findings provide a broad framework for
mitigating surfacerunoff and soil erosion using NbS in various environments. The proposed solutions include
several key strategies: eco-hydrological restoration of channels by mimicking natural stream structures,
constructing retention ponds and small dams, and integrating vegetation and natural elements for
stabilization; reducing hydrological connectivity through spatial planning of land uses; creating buffer zones
using natural and afforested ecosystems near runoff and erosion-contributing areas (primarily agricultural
and built-up lands), along slopes, and alongside river channels; conserving and restoring wetland habitats
that contribute to sediment capture, water flow regulation, and biodiversity enhancement; and promoting
sustainable agriculture and the preservation of permeable surfaces in agricultural and built environments.
These strategies can help reduce runoff volumes and soil erosion, slow water flow, and enhance groundwater
recharge.

To ensure the successful implementation of Nature-based Solutions, data-driven planning, including prior
mapping and minimal engineering maintenance to allow ecosystems to recover, is essential. Long-term
monitoring of vegetation, bioindicator species from various groups, and soil and water quality is crucial for
understanding trends and long-term impacts. Additionally, sustained implementation success relies on
cooperation among various stakeholders, including farmers, municipalities, drainage authorities, government
agencies, and other open-space managers, adopting an integrated watershed management approach.
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'WIN'Yl D'I'YUN DY QI7'W1 TWR ,DUNNANIYE DNXPZ DWA VIR DYVU7 KD C'OXD .DYPR Y'Y QY DYYUnn
NIDBX¥NY7 [12'0N NIX D'12AN ,0'A'OKR YR 1107 DTN O'NVY NNNNNY D'7'2mn a0 TN vy
NNIBSVYN DY NITTIANN? NRIY NIW*A INNSNN DWN 17002 .(Masson-Delmotte et al., 2021) vz no'noYi
N00ANNI ,N'MTII NN D71V YINA D701 TI7'271 NI9XN Nyan? nion"nnn ,02va . (2018 ,nax & atixaa)
NNINND 0772 1T YA . TIMY N'van DR NAYN DNPRN NN NIF0TIN NIZIYD NIYYAN D'AIZA NIRNND 7Y
2n 90-n nnwa (2021 ,'71IaR) DN 7117 NI7YN NY'9NIE D20 NI ,NI7710 1NN NI (19T 12D DO TIN
NIX NYIATA IT NY'A .NDWND NHP'N AR 7707 nhon'nnn Ny NNSNNY7 N'7Nn1,NRIDVWA 71N NO'SNI N19N

.(2021 ,'aini nwn ;Rhoads, 2020) nioxn Ny'ana 0UNTIZI NRNND 19 70 177100 NRARD D'RIN DI'wN

.71 DTN DNINY DMFND DNN'Y 79 2N (12 DIRO0N NEANIERN NIDYAN D IXNIN Dgnn 727N
VP 2IN'Y 1nd DRIYN NIOHT 'MIN'Y DNAI DRIIAA NDWN MDY NPO0Nn 0191 NY7NIN NAIZIPRN NDWNN
.(Thorp et al., 2010; Frank, et al., 2014 ;2018 ,jnaIX & 2'11X22) D" AIPNN D*77RN 'KIN 7W DNYSWAN [INNI
D"YI0VN DMAZIPRN D'D'7NNN NN DINNY QRIYD IYY 91y NNSNN NAMIZRN DDAN 'MN'W Nwa JInn
Nature-) yauv '00Ian NIINND — DTRN NNINYT NIFATIPRD NDWNN NIP90NY DNIN'WN 70 7w 119'wI nann?
i1 X7 on 0TRN M .(Cohen-Shacham et al., 2016; Eggermont et al., 2015) (based Solutions, NbS
NIDWN 7Y [TIRONI NIX DX DIT' |91 NIWY? D™710' DN KX ,NAIZIPRD NDWNAN MIN'wn 0''oxo "nnam”

.0IY DNANK DY TTINNNY NN0VN ,0TX T NWYN IX NI'YA0 NN 7W DIZ'WE 7101 ,02a0 7710 N

7w Xn"p-1 punnl vim'y D'y m'y ,nan ni7vod [TUCN-n 1 2y nTain (NbS) vao 'ooian ninnno
|TIZON 1I9'W/IN'Y JIN 0"'NAA0I 07270 ,0'NIN™MA L,D'NNAN DNANK DY TTIANNY N0N2 NIAIZIER NN
om71an It nwaa .(Cohen-Shacham et al., 2016) 'aI711an (1an2 NIV NONKR NN NIFATIZRN NDWNN Y
Cohen-Shacham ;2021 ,'71iax) TIvI NIX7PN ,NA171PK ,0N'7275 ,N0TIN 10D DY VT '"aINNN NI71IV91 NR)

J7IPRN NDWNN 'MN'Y DY Y My iy ,nwyn? ,niinn x'0i (et al., 2016

NI'MNAN NI'Ya DY NITTMNNY? ARnnoi o' 7w 70 a2 7onn 'nnon' avim 1'n yao 'ooian NRINNS
7Y |TI02 NI0OIAN NLWA NI7IYON IT NYA 'O-7V .T'Mya N2 7PN'07 N7219Y NIWRRNY 0980 7710 ,nirmanol

D'TAN2 NAIIPR NN MN'W 7¥ [11an 79071 MW7 NNVN2 NI'YA0-'¥NI NI'YA0 NIDYA 7Y QYN [110N
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N9'TYNN ,N1IAX NI7ONON7 X'N NADN ,N7N NdWwn 710 7w qwpna (2021 7iaR) YwOKRN 700 DY7IMaA
,NNAIT? 7D .0TX T NYYN D"0TIN DYAN] WIN'Y 19 7y 710 7w N'waun 220N 7Y Im'y 2y nidnnon
NIP'901 DT INIAY DA NNY!' AWR N9¥N 'OWDI NI ,0'MAN ,0N9MIPN , DNV DNITR ¢ DIP'YIIN'Y
(Cohen- 1va ni2yni 0"0TIN D20 19 7V D'OFTY 7N1N IKT? D'O72INN DNITRA NISXN IYVIN' NY7NIN NN
7v 217pwn 1'D NY7NIN NoAN 7INY NINTIR NIWAY 1T nwa NN 7Tann .Shacham et al., 2016)
MXPI 0" 00 TIN NIINND NNIYY ,JNRN NHOYT7 7907 N7 NN NAIZIPR NDWAY NI7VINNE OMN'Yn
V20 '00iIan NINNS N qon awn waT (2021 ,'711aR) Na7IERn NN YIagY? 17'9X 0717 YUK Tvin
21757 X [INNON LNIX DIYOXNNN N'YIIRD N2'20NT N'WALN D207 OXNNA DITR 727 DXNIM [INND DY RIN
(Cohen- nmipnn N'wiIRN NIANYT7 JaNn DY 7'apna R DUARKITE DNV LY '00IANn NNINND DA

.Shacham et al., 2016)

NN ndwwnn (2
DAI7IPRNT DMA7NTAN L,D"A71I9MIN'AD DD7NNN 727U N1anl NND'D WAIT Yav 'oolan NRINNS 7w niwt
|21 ,N'Y2A0N N'7NIN NDIYNA D'0'0AN D''7NNN 1AXI' NT 7191 ,7)2'97 .DNW'7 D'1MIyN 1AW TR D' NN

DU'NN JARD DY PN DIV Vipgn "WWIin'y'7 Nn'7n1n Ndwnn NN

D12 NINN [N 221 0NMRIRD 78 NYA'NN 0' D'AVIN N AI7NTNN TN NFTINN T [N NIF7N1 NidyN
NINND NHP'NN ARNAT DIY 7712 TON NNAIT 'Yy N2 N7N10 NDIWNN .90 2IX'Y D'0N1 'Mivnawn
(117 ,ANTN 'YV 7R 9NOI 121 D'Y'ONN NIINTAN NX 720 NN AR .IT NDIYNT7 9NOoI 121 DINN NVYN DX
(nj7*o0) Nnntn ninxiva o'y .(Rhoads, 2020) gnoni 0omn XXM NX NINAN 19N 7K 910271 '7n1n nimin
Allen, ) NIy Ni*2n1 NIA911IM 0NX'A P2 NHPNN |ARA ['ATH VIN'TO? DXRNNA ,9NON NIFNd] 0'II'Y DX
A0 — AAI7IR'A X D'MP'Y DR DYITYN NYSYIN NY7NIN NI7omn ninnenn .(1982; Schumm, 1977
D'MII2 N'7Y2 D202 D'YNINNN D'AY7PR D' — DY7PK .2 ;N11070 NI7'WSI DRAI7IN'A DAN YNl v7onn
DX WK GNONI NNMITA 1Y ORN — DATNTA .2 -1 ;'YL YIPN NINNSNN NIX D'YAIR D'N'10N D'AI7IR'A

.(Rhoads, 2020) n'n"7j7xI D*a17IX'A D'KINN NNRXIND

,0I90N [1A2 NUWN "9 "NYA V777 DNITIND DN NN DRI XN DX YAIZN 2000 DN Yzl NUWN 19
,NI9OX  NIMIARY L,'A17102' 2010 ,N1ANI DN - Yz Inwn PI 0NN NINAN L,N'9AIDI0NRM LVID'WY
Kidron & Yair, 2001; ;2003 ,"ain1 DIx21"2) WT'NN )'70N '9IX DX DWAIRN 178 DN - NATIR NIN21E NIO'NT
.NNONN? Wy 2NTA 7Y 721 Y70/yipn 1w NN 2y v 71y owan nnxiy WX .(Lange et al., 2003
2V 1217 19101 NOWN 119 72V NN QTIVR DYAN NIND DX VAR TNNT YN ,NOWN 119 11'OXN |2 0'oN'N

.(Rhoads, 2020 ;2003 ,'ainI DIX2112) N2IS0W NNT7I

NITANNN ND .AYVIANYT DA N'MYN 7¢ NITANNN ND 7V N71Y NNMITh 7 NN YARN TWKRD WNINN 9no
-7V yap1 ANt YW DA ynrnal NNt (020 771 DITAIR) Yidzn DRDN LYR/V00 210 'O 7Y vam
DN T 7V |2-DA 0'WAR1 qQNON NYoN Nuwn ,n9'Non NX? .(Allen, 1982) "'y 1210 NiMdI N?'90N '
NINIYRI AR Y7I/V700 1210 NIT'D VID'WI N'AI7I9TIN ,7TIA :NIR'NN [AX 119NN D'YOWIN 7'27Nn] X ,N'NNNI
[txn" awimn .(Ben-David, 2003; Schwartz & Greenbaum, 2009; Yair et al., 2017) nnnra 'xiny

NNMITN NNY 7Y DMIYRD 201 NYPenn DITR ,9Non NNipn X 77pwn (Sedimentary budget) "nom'To
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Reid & Dunne, ) n'7n1n Nd>aynnn NU7910 gnon NINd NIX VA7 122 NYpwnn NITRIE QNon NNipn A
(2016

AWK DMIXI NYPYN NITX .D'7NIN NDWNN 7W NRTN (AR MINNA 9No DNnwn ,N'7N1 NJIYNA nYpwn NITN
NImMIMY? 071710 NRNTAN 2 N2VnRN NITRA D'XI9 NNt 727U nvonn N7 72V 71y VI TON NPOO0N
No¥N 'VWO INNSN' NI o'MYw? Nimim2 1T na'on .(Reid & Frostick, 2011; Schumm, 1977) n'aimnn
Rhoads, ) n*7n1n n>yninn "27201'X 770 DN 271 yomn gnon 7¥ wTnn nypwn 7w 21n11 TR DHnnn

.(2020

nIYNN ,N'Y7N1N 12107 OUTIN' D' 0170'K7 1ayn .NNA NAIZIPR NIA'WN NI7Ya [0 DIf7NIn Ndavnn
[AX TINAI N7yNa D'NNAY 11 0'N-"72V2 97U NYIIN DMYWONRAN DYYA0 DMAI7IPR NNRNTOND NIYAwN Nif7nin
751 AXRXINDI 71T 'MW D1IY D10 1217 DA NY7NIN NDWNA YWY A719in 1an (2019 ,179) nupran
NIAY'I NIANT NITA NINN 7Y 002NN 112N [ITA AORN 7' DTOY [1IAN1 1'WY 7T N .NIAa A7 1an? 72m

.(de Mendonga et al., 2021)

N'7N10 NDWNAN 72V DNYSWAI NHP'NN AR V7 'win'y - (A
N2YNN NN .NIY7NIN NIDIYAQ 0'9'RPYI 0N'Y! DYI'YWY 0'NIA NHR'NN AR DINNA DYWIR Vi 'Uin'y
NDIYAN 2DINT 0N YN 'WIN'Y 7Y 11'WN 'DINAL ANNAN §i7'N2 NIYE Vi 'win'ya 0vi'y? nnan
D'717N NIINTA DY D701 DDA LKNAIT? )2 DR AR NAZNTAN DIMIY{EN DTN DA 1D ,0'"Ya0n
NOIWNN IX? YN N'WIRD NYOWAN D71 ,NNIRA DIMIYHRA NI1T9INN ANY N2 D'Ypwn Nind N7apnn
Vi 'win'y X 7707 [N 90 9ixa (Rhoads, 2020) nouin'Ton [TXAQ Mivawn 'y 1Nani 071> n'7nin

.0'"Ya0I DWIVY ,D'R7[7N :0'NINS D'NVYYI D'MIN'Y D'NVYY

JKX ,071Y2 D'TION NINIPZNY ,NRZNN N29NNN N'WRIN 700 12D TVIN D'R770 NI7'WoN NRXIND 12aIn qno
nIME'wn Nyswnn .(James, 2013) n'¥r7a17an 10N N'MYYYNN N29NNN INK7 171y n'wal Taon? 190
NNMT NINNSNNY '12'0N N7TANI D'AN 7W AIT'NN Q%7 DNNO9N 2N NIF7NIN NIdNN 7V NTINN NIKENN 1Y
, 0221 qNOY7 NIDIYN NIFK7ZN NIYIR ,90102 .NIRIDVYY D'MIIAL '7'Wd 711N DR DA'YYN TN WK, NIRNTAY
D1IXNY ¢ NINNSNNY NIDIYN ,N'NAX NI710] 07X NP DNTMn NIRPZNAN 79 Myn 'OIND Ay
7*7nn .(Rhoads, 2020) jakn NImMiIM2a N9XN '0WO DAl NINTA ,NANMT 7'OX7 NID'OA NINK? NNNNNNI
,'ONN N'YNPA QRO 7Y N71ITa NIND 7w nypwin? 001a ,NINTAA Vi TIA'R NNNIAN NX¥XIN N9'NoY 1ayn 0T
nNron (7 W'R) DT TR NRIDVY NNXIFAY? NINANONN DX 7' Tanl INITA7 0N 7'9XN DA N'7Y%7 DIIA Pl
['VNn7 D"'YaLn NNNTH 'R 'Y 'Y 1770 DRINN DYIS'Y 7pa 0'R7PN DNITRA NIY7N] Ndvn 7101y
NIX 17UN 021 NNMTH NNXIY NN2ANY7 002 ,NT 719N .N'0TIN NIXA 2'9XN NANINI NPRyn YT T 9 Niyn
,N7R D7 qom (2019 ,xaw ;2021 ,'TaR) MM 2'982 DNNNNA YT 70 2NY7 19K DNITRA 9NoN Nind

(2019 ,"a1n1 1192) 710 7w NA7IPRN NDYNL NYA9Y7 1IN 0N pn Y DINT N2 DIYTA TV win'y
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in-channel
deposition

NIX77N .B ;n1r010opx NIXEN LA NITINA NNt 'R'OX IR NNINTANN §NOoI 1A1 NYon 170N 17 IR
.(Rhoads, 2020 :qimn) .n12'0101'X

2¥{7 NIX DN 17X D'N0Y 90102 Y77 NIY'72 D'YImMI Yizn IR 0NN NRNTA2 DNYIMI 0WIol D'NUY
7'OX7 D'YANN QNON NI'ND NIX D¥NXNAI 9NO7 NITID'M NIINN N'NNXN AN .NN9IM A1 DX 0NN TN
D'TVIN DMITR DX N'WAR NI7'WO 1Ay 07170 X7 0'7'aw Nkt oy TN .(Imaizumi & Sidle, 2012) nntin
om'ion DNt Y ny'ol L(Reid & Dunne, 1984) n'xny'7 NiaY D'y9 0WANN gNoI N7 NINNSNNY
NAMIERN NN NNNNNLAZ0TNN NI0HY? NITIN NIYZN1 NIdYNA DIR'W7 22 1290 ,N'7N1n NdwNn'? Nid'noa

(2019 ,j)pax & 2'x2M2) IT D220 NOX'AY MNTNN NIN'ONI

D'2NN1 O'NIND D'NVY 7W NINNNYT 1N ,NMOI7IIRN 721T'AN NRXIND ,NNINNKRN DIYN DY'NINAL YXRIN Y DY70N
27W1 NN A%W 1DYY 2707 [N YN NYOYWN DX .NIANNYI NYWYNT7 ,0Nan7 D'ynwnn 021Ian 0'NoY?
M0 N1 MITX .0M2AIN GNOI TA1 NITR X' D'TTIAN NUY 'RNA NDIYN Y7 7w 2¥nn ,N' a0 27w A1'vin
27wa (2019 aini 101'P') 17U AT 'DIR DR NNRYYE NNt 2'9X7 21 qNOol 1Al DNNY 0Y710' D'j7'9XY?
7212 N2 NY7W7 D'NIAE DINNN ' NIND X 0'0PNR 221 L,YPP7 0N NNFTNA 0'YAI9 DRIAN D'NOVY 'Y
Rhoads, ) nn71 '7'oX 1IN7 NIN'Y' 7120¥NN 1210 7W NI7ITA NN DRNdA MY 77 DIFMYn L 71apna 7vn

(2020

N'7N1N NdIWNN 7In12 NI'vaY? yav 'ooian NNNS (T
VYN D'I'YWY N71m ,NnMAT R'NR7 NIDMO0AL NI AR, NMTIND DY N'0I0Y'RN N'YWIIRN NI7'WON
72107 D™Mwy ynyn n1anal nifizionman nnnna o'y (Rhoads, 2020) ni*7nin nidyna gnoni nnnm
78 D"11'w N2 0o .(de Mendonga et al., 2021) nidn [NIX 72y NI00IANN NIFAIRIZRN NIDIYAL DHI'WY
Viles & Coombes, ) DTXN NNINY NIZ90N NI'7NIN NIDIWNN WK DNN'YA D'YAID ,DTRN T 72V IWyIw ninnY
(2022
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D"12'WU?7 MP'VN DIIAN NIX D'HNNA NAIZANTNMIRTA AN D'Y7I20 1TYR D RN N1NNAT TS0 IWYIY DNgnn
.(Frank et al., 2014; Vidal-Abarca et al., 2014) nira7iprn NIdIWN2 NY'a91 N'Y7N1N >N 01719110
mipnn (I07w2 ,NMIR?I AN NMIKD NN D'¥AKN NN ,0"NIANNIE DTN NIZIAA AXIND NRAR DNTOX
ndNN 7101 0w IXR? .(Zandersen et al., 2021) 7n1n nilwn Dy DYAIRNR D'R7PN 7Y 27990 qIntwAl
IN7UNN ,0IY"™ D'OIYD I'NY X 7V .DWINN 'DIX? 'MTIRI NIYN [79'0W D'AIRN NIINNDS 7V 002NN NI'7nan
NYAN Nwaann o (2021 ,'7aR) [N'MIARYA DAY ARIPRD PTINNENE DIANN DIZIDIMN NIYOSWNNn
JIMIEA NIRPoRI9 DY 'y YT NA7WNN ,NANNI N'0IAVI'R NNAXR 'R NY¥AN Y0 '001IAN NNNNS v
N{790n D21 DTRN NNINY N'7N10 NDWNN 7¢ NNNNN NIX NYATAN NDI'N-NMN2N NI7'Yo2 niin It nwa
7w D1an omiwt X¥n'? (N1 071vn 'anna . (Cohen-Shacham et al., 2016) "axn 71In1an NAaNKY? 9'7n nvn

.D'"IPNAN N'7N1N NDWNNIEARN 'OIX7I DV'WIIRND 0DIX7 OXRNNDLIT N

7NN NN Nipn Wwr ,Cache la Poudre 71 7w niprnn jaka x¥n'? ;N2 NbS nwia w7 ax'n |nia npn
'Y DMNN P NYORNNY YIPN 'YIN'WA DUNIYVAYNA DYI'YT7 [IN DD ARD DTN No1pna .(Q"NK)
LT I9TE D20 N2 NIZ7DN NI'0TIN NIZIYD 1YXIA 90112 .'TOINN NNMITH #'O9X7 11N02 Na'¥N NI7'yol
VYO qNO Y'PWNT7I Y'oNnT7 1NIN 7Y N'Waun IN71D' nyasl 0'I'Y NIAPY 0N NP90X N'VaN7 NNVNa
TNIX7 AR N7UN2 DUNIDR?A D2 0120 NNoNa Tpnnn 2011 Mwa yav 'ooian NINND DIY!Y .N9¥NN
n"7 2- NIKT? D' 1775 0P'N9N NIXXIN .DIA'R "AXD NINITR NIAXNNY WIN'Y JIN N9¥N '0W9 JIThY
N2INON 'V AYIN 1IAY MM TV 1D9NY DNARI NN ,N9¥N '0WDD DNYI' D'NUYA DI'D DIY'DINAN

.(Cohen-Shacham et al., 2016)

(Eddleston water project) 1007TXR 7w N'27N1N NN 7101 VN9 NIKTZ N NS 7w DIY'? ND0I XNAIT
"My 70 -3 9w nowa niEn AR L 7NaN Y 1A TN 20 n'p 18- IR 00onnn L' NSN . TI7VIZ0A
nnnnxn 02wn 500 7702 7NN TN NNIBV'Y NYINA Yav '00IAN NNNND 7¢ DNI7Z'Y' NX [IN27 Ty
nYn 7NN .1 PR 71V Tz NNy NN 1770 YiEn 'vin'yl i NIivnyn 0t 'Y Nipiaon a1y
NNPEN ,0'ANN) D'NUYA D'AIRA DYV ' 7w ny'ol 077100 Yao 'ooian NINNo [1an nipna mwr 2012
AITNY ,NOX¥NN '0WOII NIINTA DIA'R NIDIWN NIN'D ,ANATN '7'oXA (YIar Y70 ,YY) D'Ya0 Dnina 0N>0
U NE'ooN INM 7Y D'YRXA VP'NON 'RXNN .DTNDKRMN DNITAN DTN YYD 7¢ '7moin nnfth RN
AIT'NN '7NNAI9'WT7 71210 NYYALN NDYAN DIR'Y 90112 7010 TIMY7 Y'anin [190'Un 722131 [ARA NINMIT
N'YN DX YT VRSN 171N (102 2791 NY7NIN DRAI7I9IMN YW N'wao NINNSNN Vi p? 0o v
Andrikopoulou ) yav '00ian NIINNS DIY" U AN7¥N7 'NI2N 'RIND D' AN D'R77NN DY N71V90 qIN'Y

(et al., 2021

nynoun? |nia2 Mpn nnnn 7'ma L, (The Madeira River) n2vTn 1N 0wl 01N 'KIN ID'WYI DM 7Y VP'ND
2NN DINK [N AT TI2N2 .'YA0N NAXN] NNNYIY D772 NY7N1 NDYNA (110N 170NN V2L '00Ian NINND
0'N9N .NI'YALN NI'7NIN NIMAIZIDIINN NN DX N D71 RIN MI'YI TR 78 IMMIyNYn NIQYNN 1Y K7
370N LIDIIRT NIDIYA NI'OITIIRD 772 IR XN'7-NAT NN NNIXD WWPARN NNAIT 2'9X N'YY7 NDIN NNDY TN
NLVN NN 7Y DMAZIPRDE DMAIZNT'AN 01719 DIYOXAN NIX 9'PNN DYTPA 7NN 7Y 002NN [11DNN

.(Suedel et al., 2022) nn'7y D'w'swNN D'AIANT DD'70NN DX NANTA 19NN DX |'an?
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NNRY LE'N9N TR "AYINY 1120 DN I 2N 190W 7N12 DA [N2) NI9¥N ny'an? NbS nidpvn niwn
NYARD YD NIR 7'TaN7 N1UNA 0'YA0 0NANI 0'WXNAR OY 00 TIN NNNND 2A7'W DA77 TN 077N NIYXNXA
7v nmynl nanTn 79 271wnn jnnon (Spyrou et al., 2021) 7nin NITa R 2¥"71 N'7N1N NdWwNn Y
.(Cribwall) nomy 'mT n1ana yy 721 n'NnY Y 7w 217'Y T4 DTN DIR'YEL 700 MYNA 719'0 ,yNyn
NMIPNN NUOI7IIRYG K191 172 MITRD 11AX7 NIZYVIN D'P90N DMPZIYAN D'YOPZN D"AI7NTNN 0'V2NY NaYNn
NHP'NN [AR] 7NN *TANT 0N VR'NDN 7Y DXNIXAN 197'N NINNT7 D D'RIN 7NN 'R¥NN TR DNPAnYTI
NNMITO NN NOKRD L,D'O¥INN D'NVYN DIXAYX ,' 27NN NO¥NN NAIAL DNNON NIMIYAYA NIXXIN RYIN 17V
NI9Y 17X NIVINY D 7V vaxn 0'7xN 'W'NINIE 077N NN 200 020 [1awn v Dinnn 'm 0791 NX7ynl

.(Spyrou et al., 2021) nixan DIW? DUITNN D'7XN 'KIN NNN DA MNYNY

oP'N9nn 77N> ,Portofino yavn paxoa nwya n'70'Kka DN o Atk NbS 2 wim'w naatan qon vp'ne
2y D'IXNIL,NI2A (M) Y2201 'MNan AR ) v 2 0t qina roikn ITRN RECONECT '®on'Rin
ndNN (Turconi et al., 2020) v niwLa1 070 NI7ISN ,NNISVY DNAI D*A7NTN-IX'A D210 |IAan ' T
TIT'Y N NI'K770 NIOKTV 7w DIP'WI Y70 'wia 7w 21X N'%710 Y N9'NOI "7V 121 ['O7n"7 NNVN NNNISY
-D'N O'NINT7 D'RNIN DI'RY DT 02' NNO0ONA NTZANNA NDNN AIZIPRN V2N NMNIoN N'R77N NS v
win'y 21 ;(DMIXR [IAWN 7V D1I7X 7UNn?) 0PN 1YY 0Ty 0 7Y NYa0 DIYTRNN TITY TX? 0T

.0'7N1 NITA AIX"? NUNNXa

D'NUY TINN D'YIN'Y N2NN NP |AR2 VA0 '001AN NINND DIYY? XNAIT nlnn 7701 7n1 0'no 78w
,AMTN 2'9X7 0'01N NNIT NAYWN TPNNN LRP'NON .O'K7PN D'YIN'Y 7Y YATA DIYNA VP 'win'y 2y
,0"YI0 D'YYNARD NITANI 'OXN 7Y 2171971 DIP'Y ,0' 1NN 0'R77N7 7010 2 NRIDLV'WN ' Npi7n NYToN
7¢ DY, 0UR7PNN NITYA DNNNNN D1IXNYA 7190 ,0"R7700 NITYN 27 7010 2'9X |2 Y'N DYIXY Nnn
NI7'YO7 N'MYN NN NN'N TRIN 7Y 75U NIM'S ,IN210%7 7NN AN 11Ia'n N21vY7 027y nnnTon
YI¥N VP'NON AR AR (122N 197 DMA717R D0 127V VRP'N9N 17NN .NY7NIN NDIYAN 210 NDIN
QX7 Ynwn 0NN 72NNnn 0TAN WKRD L'TOINN 2'9X7 1IN0 DFTY 'yun Ny'ol (120 ,Ya0 '00IAn NNINNDS
NN'Y' TPINN 11'RY D NITYUN 7Y TI710 1N UTNN 121N ,90112 .7'9XA YV 120 N'MA71 NNNNNNN IXNY

(2021 ,'0'7210) ‘NN 7'9K7

721 71017 NI0'Y [1Ian 7Y DTN NI2N1 NIdIYNA Yav 'ooian NINNNS DY 7¥ [NIaN Npn N0 ,DId'oY

ATNW NIP700 ,NIAIZI9IN NIFIDYNN X NnNpy Y5on 2V D'ooian NIINNSN QAR AR Yy N9'NOI

DNINA WIN'Y 7V 0'00I2NN NIINND .1 ;N9¥N 'UWO NAWNI D'¥YNY N2ANTN L*7IM]1 'Wa0 NNt 'NIM
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Sink "Sink-1" Results for Run "8-9Jan2016"
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Legend (Compute Time: DATA CHANGED, RECOMPUTE)
—+— Run:8-9Jan2016 Element Sink-1 Result Observed Flow
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------ Run:8-9Jan2016 Element Subbaisn_29 Result: Qufflow
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Sink "Sink-1" Results for Run "23-25Dec2023"
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Sink "Sink-1" Results for Run "12-16Jan24"
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Sink "Sink-1" Results for Run "19-21Mar24"
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