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1IN ,NINLND DY MPIVNN MTIDAY NN PIND D NPYID D) MIYN NN’ DY DODVPIVN
DORIPNNN YINY NP PN MY YPN NN N DNIYWI) 121 (DDVMIPY DaT) NN N»ya by

A(WPa 0NN PONN NN YN DMININ 1991 IMN NONY
DI 7PNN NTIAYN NOVW .ANTR SNIdN SNVYA NYXIN NTIAYD NDNN : PhYWD PN .0

92YD IWARD NN DY, INTRD XMAN DRI TYI DYTHN MY TYNI MNN P11 712322 NP
.IPON2 DY D) DIDM D5 DY

X700 2TYUAL NN ITR pwnn - y'n NaTx 1.2.7

Y 197INY 20 1N 10-20 AMI2 DTN KXY N THPYIV YPIR DY IYINT X (0DN)) N IMNN
PO M DIPIRY 1N ONIN DY DD DMWY YPIP SWIDOY P2 NTIIN INMN INNND NNIY
: DONIN 0N MONNN

; ONDPN NTY P27 DM NOYN IN VIV NI P2 NTINN NN (1)

P2 NOYN NYY - NYTY P NTI9N NN (2)

NYIAPY MEYNN NNKIN ,MYA-NHNPY NP2 NN MN DX IPD) MIDDN IPD Yy DOaINN
2N L,(MP2 NOYN IN OYAV) PAANT ND YW DNPIVAIP YY MODINN NN IMN YW 1am
5NN MM YPIPn YY) L3 /3 3¢ N7HN 39 TPNVIVLD NN 9NN PHY 2N ,PIOND

.DI00 MIVY T DXTTI2 DMI0N P NNNYAY MIVY PN NNT 2N ,MIXINN NNIDY ONNN

,JONDPRN NIV NOMIN DY 17 312 121, MINNNN NYINI YPIP IOV TYPN NPNN NN
NTYN DY NN 1D PN N DY DY 31590 DIPOPY ONNK 21X NXIN 12 PPN DNV N
5y DOANNY 72PN NONHNNY TPIN YN TN IONNSN 7D DXIAVY? NYIT NN TNYNN
VAT XD ,NINT DY OXOPNN D1THN IR D500 DPRY DINNX DD IN D2APN D1) D110 dNNN
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MONYNNNY VAN ,T2IWNN NTYN 1D 7PIVYN PP DY DIPIVIIPL TRY PN NN I
YNND YT DMDLPID DXDIDMI WHNYND I .ANY 7NMINSDY 7PN PON MITHY DINNND
MDY XD NON DYDIDM .TINDN NTY INOPNN DITHN NN DNIO0NN DI DXAWY MODIANN

SNOPNN DY NIPN IR DNINNX DY DO PINIWA Y¥INNY T8 PN NN D1 OYYON NNNN

IMN MOIWYH DY MONMNN HY DIND MY OMPY DMWY NN YNIX THPNION-TAN 11NN

Sa)Vapdiv)

MOIYN DY NIVYM TYAN WA 112)N) MINITIN DIDNIN MDY NIANTOY DINRN NYY N
271 ATON DVNI/DINIY NN DY M2 NN NN DY TIWNN IWNRD ,ANT1NDI MNP MIMN
(MPYRIN DDNIN MDIYNY A¥A 7PN NOITIN DIDNIN NIIWNY NNN VPN

NP MOIYNI MON RIY THIRNNY NOIYN NY .2

NN — PP MY ANV N NHN N (8 NX7NHDN 79Y) ¥V NNYY 12NV PN N
TN ,PNNNT ANIBN NN 2XNIAN PYINI IWANY NN NN .Y 1A MY DY INND
Y510 ;21592 NYODI OND0NY DMYNNRNI 1ANNNY 7P N .NIONY DOWNYNN DM DIINND

LDMNINA N2 9NDDNY IN DMIII HPV

PIAY YINN DIPHY MONMNN YITN MNM»P MIMN MIIWH DY PYHN DOPR N1 MM
TN DNRN MITIPY AN OYTIN ,ANY DI9NY PDHY ,0IPY) NNMPN NIIWNN PIAY NN MINN
TNV DY NPT - 2NN MIRNHND MTIPID NON MTIPI2 WHNWND 1Y 11 (D) TITN

ANIN2 INYT MMPI

TINON-NNVIVLON NTIDON DY NYAVN THPNIN YPNN PINN NN HNPY OINN MM 12D NVSNNY
MYTN MIIWN S NHPPN IR ,MNIOPN MMIOAN MIIWAY G871 NPIVNN NON DTN NNY
INMPN MOIYNI MODIND

o"on n'aa 1.2.8

INOPNT 9NN DY N3 9952) ,0TRN DY MAIN 90 MNTH PON THN PN YPIP NDOYD DIYNNN
: DYV NYIZYN 9137101 VN NN YPIP NDOY IYSNN

NPINON MIIWYNA AVNWNDY TINND ,WAVUND YPIP DI OYNNRN HY NYIDON NN IO VN
.AN7K92 MINN MDY DIMNI DNVY NN, NN MIIYN N

N MNP 9N TN DY DAYV YPIP MW SYNAN DY 590N VNN NPNA  INN9NN VN
NPPOY MH/OPN GO MM NPPO PN NNYY NAYD PN T2 1) IPNRN 1003
JIAPIM MIPNN NN DINMPN NDADN GO DY DNYIYN DINUN NDIUN SYNNIN

MO L, TONNIPRA NIWNN DY YPIPN DOY OYNNR Y NPIYANT MYAUNN D INNPN VN
)2 NNV DXANTHN NN MLPN TI OT DY DNIN ONY DN MTYNN NN NN MLVPN
MND MLPN 12 SOPAN MPONT NIN MINYDI YPIPN DPIN DY MIMWYN NNDI-IR NPNINOV
N2 DT - THM INSY 1Y NPOTIN MY VAT TNNN MVPN Td > Y DXV GNON
DMWY HMIN XY NINIPN NPDIVIINI YNAD NMIWYNI DINIIYA DN NN
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S 9NN HY YPIP NDOW OYNNIN HY DNYIVN NPNIAY DY MY NYINND 17993 ~519393900 132NN
DOYIAIN MOXIN NTH :DX2DIN NYIAINR T DDPY 9y 1) Y NIN NPN PUNI D -
Y AN MYNI NP L(PIND NP YPIP NDOYW OYNNN DY YYD NNXIY [ DOWUNRI
MIMN NVIPYA NNITIN NI NPNI .1HINNP NPIDNND NPINON MIONMN OMPN ANINN

APTaYN 9N MY, INN SN T SNI LIV DN MIN) MAIWNIN

MW TAX 92 3V DAY NNIOVN 7Y, DMNMY NDOY OYNHN P THPAXNYA 1PN DY 9D -
PINTN AN YN NYAYN DY 59151 NPTN INYAYN NNXIY 29D YPIP NDIWD DIYNNND
1PN TPANT NYAYNN NNRXY NPT DRI, MOV MNONN NHXIY DD DY ODIAN
N9IYNY VNV NXIVNN YPIP NDOWUD NVIWN NIMINN YY DDIANNA Y 19INI YIPI
DXNLYY DNHRNN NI DY NPYTIZ MONN DNYIVN N1NIN DNWN DIYNNNN DY NOND
LDV D9 DIINANNDI NN NIV MYa

MNNT NI, NIOY NN NIANNY ININ 200N L, PYD OO AN WINI SNNONN INOPNN G
N2IY 2NN DY NINNN MIAINNNY 95 ¥ PIYOND 1N 973N 19 HY .(2008,199P) MOV NNNY
DYINDN YPIP N OYNAINY TMINT ,130 .aNIN NXN YT DY WY MONONRN NIIWNN N2W 1D
NON ,IYIIND 1OPYI WAN) IR 92T ,NMA) NYAWN NHXIY DN ¥V NINID NIUNIT DIWINI

PN DPAPN X 1D HY ANINT HYW TPNZINIIN NNNIIN DN NPINKBN NNOND NPNT

NIV NPININ MIIWN TINA NPDVHVIN DIYPN NPND DYDY DIV YPIP NDY IYNNIN
DOYANNI NN NPIION MIIYA .12 7NNIT NP7 NNMPRN YN 02579190 P .TINNIPN
TN T HY TIY IY2 N9IX ININD DN IRIPN N TPRNDY TN MINIT NPNITIPN MIIWNH v

.(2008 ,\997) HNw2

1575 ninna 1.2.9

DINN DN GNDN NYPYN ,DMNDN DININ YPIP HY NND NN YPIP N0V Nyl
, DN, DONIPN) YPIPN ANYNI DOWNNYNN D52 MYND YN MYMNND NIYIND MAIN NPYIN
.02 NPNYn ,0Mw”»

DY DODIVPNY ORNNA DIUWON DAY DAY DN NI NAINNI NOIWNHN
PONPNYIT P .DMY JHT PN NPINK ,NPANI ONPXY DY 1Py DXODIN DIOIVPNN
TN L NPIVYNN TIVHD  MINDPNN TIVND D) [, DINDP 51950 110 NOIYNI DOYIUNN

PNN MY, 000N YA0N MY, NPMIPH DMWY ,NIADN NNND TIWN 0097

D) 195, MOYVINM DOYNAND ,DOPIIN DY NMDY SITHN PN 990 952 YT 11 NTAYA ¥90550 PI9N
9919 9N D111 YR MWD MY DY PINNDD N NDNINND NYSN

1919 %11 >9955N NININ METNM DIDD PPN
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DPIPIN ,ONT 99X 800-900-2 SV HTNA DXTAIWN DNVY DNIMP NVIA-NHPPY ININa .1
S5¥ 5910 NLYA N NN DMINPN NP 300-D DY TNXRA DYINI Y)Y 1971 ,IDW MYad
.07 12,000

NO5DN NOMINN .IVA N7YDN 31-1 NTONY OONOPNN DINLYN DY NDOVYN MW My .2
MY NPYON 43-2 NTHNRI MDINDN PYND NON MWD NYINN

NN YN 18 TV, NIPNN MDIWND NYOHN 72 30 TMIONN NI DVO MYIDN Mypwvinn .3
MYPYN NYbN 90 5700 NN DYINIA YPIPN TIDY NPDON 7)1 DIRIPNY

MOIYN NPRNN L, TOIROPNN YPIPN MY NN MDD 1IONN DW»D MOVIWN NYwyn .4
.MVA NPYON 42 : NODON MYYN N0 MDY 97192 NN MDD ,IPNN

MW Y85 OTTIVY T ,YPIPN NDOY AMIDYN 25% SV NN 102> OINIPNN D Y .5
AYNIY MNYAN DY NNIY DN

YPIPY DININKRN DIINN DI P SNV 27 DION ONN 1NONN D) DWW TNINY .6
DNPP L, MNOPNN TIVN [ ONIW SYPIPN SNYN ,DINIPNN :ININ2 DMNOT DINLY
SV HOOMN IPIN DX PTH DY ANV THIIX DIDN .NPININD MXYINN ,NA0N NNND TIVNIN
.DMYN NIONN Y2557 DX PMPMD DRNNA,NMIDNN N DM DD

WD FPON,TIDIN P NINT NNDN OPIN WITIN DXARWNT DIPNI DIDNN YN TN .7
JDNPNY ORNNA MY TN OPON NN DMWY Y5

LDV 8-D NN MYPYNN Nws .8

DIPOUN 75% PR 1Y) IMIDYN 90N 44%-1 DINOPNN INYY NYNIN NONN 09 Yy .9
125NN Y991 56%-1 DXOINNWNN DI INY (YPIpn

NTRONI Y an'y niva 1.2.10

AP ONN DY DOYIV M) DPN DPNVIVLDN PNV PINN G0N 1PN YPIP DY MY
TNND NI MYIN DY MOYONY TI2,5MN MY NPIN MYID N27IPN YPIP NOY MY
PP MRVIANND GAD NPYAY NN .(MPNIPN PP MOYN) DPMINRINY DHYIL MNP SPNY
YPIP-GN0 DV NPYIL ND0Y 52PN NN NPAIN NPYIL VN 2170, MM DXV NDOND

YATY DNV DXTPINN DY YIXN YPIPN NND MDD 1T PIAT YPIP YWY Nan Pa 19w
:(DINX N YPIP MY MY 1Y) 9190

,IMN MTH DY TOIRIPN MY DYoN) HY DX NNN DXPnY o

, NV 5N TN PN PN o

NN NNV AN WY MR O

40 WD ONVNWITY O

YWY DN YN (DODUR MIR) MY DN DY 0)1HYN DPINILJ30 HN) DY PN PRA o)

JTI) MY AW MYNNNA DIV ;M MY YPIP GHD NPYID O DNMPNND YT

YHYa D5 HN MYP NIY TN ,TRN TN N9NDN P91 DO POIWN G0N NP YPIP MY M)
PN MNOPNAN TIWNND PON NPD YPIP NV MY HDIPNN PR DY INLYIL DONAN PNIYN
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,MINDPND TIVAD DIPN NYAIT WIND TINIT YPIP DO MY [T .1 YpIp Nwh
SPINT MDA HY NMIDTYN YITOY MDYAN DY WAUNY HIPON YPIP INdY RYN N»IdN DIDY
5y, 01NN MTIPI DY MNIPNN TIVHY NNTY 1N YPIP NV MY DY D DPININ THN
IPIP-GND 195D NINYHN MDY DY MINNIND DY MDY T TNN T8N DI NMNND YT
SW NN NODOY APO¥A NNRNND MDY NOT NPITR MSINT MDIAPN DMWY DI MDYan
NPV HY DVPNI OINK APYMI NP ,TION NPIWN MDY 01PN MTIPI HYW N2 APIN

2PN VPP

AAPYIY I INON 9D 1N : DYV 190N NIDIDW MY NN IRIPNN D1 MDYON

NV ONOPNN DY MYTINN OROPNN 510 NTIAYA 1NN DIWNN VNN NN NINNN MDY
MRV MOLIYI YWY MM NIDN MDY, NPIONN NN DIVY INIPNY NP YPIP Y
DN MITIPI NN NIVTN ININ ,IPY 21>, DIPND D1YON TININPN MDY .YPIP NV SV
MY MNOPNN TIVNN IXPN HAPY 0N NV, MXIOPNN TIVND NMONN NWINA NNY,)D 10D

IROPN NLYA YPIP NNDOY DY DXOPIMI

SV NIV YRR NNOY DY IRV NDNN MYTIN MM NODID AN NDNN D NTIavN
MY INN APYI YPIP MDY DY MNINAN NNOXN IPNH MTOM
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NIN90 701 "' yin — ‘N an
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Vi Qno Niysin .2

"' 2.1

7992 YN 1MIPNN N1KI2 1N 295901 YNXAD PIDPD DN INNND NYNN NN MYPIP MITHN
NP — NDPY 1M NP JN — NI DYDY DN MYPIP MDTOTN MONN .1OIN
NYIPOYN MDON .OOROPN DTN ONNY DY MNNINNY Y81 INND NI YPIpPn
NND 0N OOy DY AN DY MY NP N0 DY DONWH MDD MYPIR MYTOTND
MOTHTNT MYON NI DWW DINNY PN YPIP BINT,IN NDRYI 1N NOPYN PINININ
VPPN MOTITN HW MOy SNNIN NN D17 DINNL .OTRN T NYYNT MNYP MYpIpn

DT 5YY DD T DY MYPIP GND DY NI MI2INNA RVIANND

mMAPY2 MYPIP MYTOTNY 112702 71DYY NMDIVIIND MDANI IMYYN NN DIWYN NINNI
N, MYPIpn 9no nyoin >1on L(Richards, 1991 in Lal, 2001) n»n2>a0 nymnm X Gno
PPN AR TWNT TIND NYP 1991 NN NTTNR0 OVP ,1PMIPNRN NN 1M MDD NNI2
MYPIP MOTOTN DY TPMNDY THPMDON N1DIYN 12IND MNY ML) DINX MNOP .Iyann
N00 .MNIT MRIN NYAP MIVARD JINY PPADN MPNTH PR 121 TN ,9N0N INSIND
TYNN NYIN NPIPHARND NMIRIND P27 GNON NIIWND DTN MOLIVN P2 DYDY NIPIVN

(19%) >NYN VN2 N XANINN VDN I PIDN YN

,OYOPOVA OYNN NWPIP MITHPN DY DWIWNI DVNPH DM DIONN NYIHY
DY WawNn NP 1IWND PHINN .(2.1 70N DWIN DRI DONDPI DIHNM DN DIINN
MPANA IOYY NN YPIPN NN DYDY POPIVIN PONNN NN NIYPIP NOND
NN ANPY DN NN NN NP L(N1PAPIN) DIOONN NI DT ,YPIPN DY MdXIANINN
YPIAPN GND NXNM SYPIP-O¥N NN NOY NOTIN — NYN DN NNSINDY YPIPn-Nn DX 0N DY

DT OV M T DY

I’ OMYIVN DRIV P .MITITNN NP NN 0NN ,DOINNIMNY DYV 09971 190N
NN DD DIMNIMND DININD .NPNNSN NPDINN NN DDPRN NN L,YPIPN N0 IN NIND
YARWN D177 DY H9ION 19IND 1213D) INIPNN TIDYN MVIYI MDVINIRN TOVNN YPIPN WY
NYON M¥N) O9) IORODON YPIP NVYD D3NV X0 MYPIPN MYTON DY PONNN .yavn
N2IDY TYNND MDY MIAPYL GND YHNN NIND TN (M DM T DY 1)7INY Y9I»1 19N

.12>201N 5Y 199957 DY NYIYN MY NPNMYI MINNIND DYDY
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MOTo1N TPONN

PP
v
v v v
YIPITO %2 MY

Mmana ny”Na R APIATE oy ,N9vY mopn 7P
VPPN na’No ,NVNMINA MHIHN ™MYNA
oMpe (N3N NPV NYLY MOVIN || DY M)
oY, ;Tne o e ny3mna nyﬁ:‘g?’ NN
movexa N e N XIND

N 180N AN e f

MIMNI l l

v

NOPAN NI N NP

0 MMNMPN DN
DNND MR NP

NI9DINLRY DI HY NVIV

DMNYP) DD ,0MYPIV YPIP MYTYTN IDYNN NI : 2.1 /0N DVWIN

(Lal, 2001 »anx )
M) SV PONIN YNINN NYRIN ADWA DAOV-NON PONND PHNY YIPN VPP 9ho NN
YTINNY DYPYPINN - NYDNND 25V XN NN 25VN ,YPIpnn (D9)7IN) D»59»0) O ponn

AV ,DYPYNN 29V NN SYWHYN 25VN .NI0NN INND NINH DX ,DMNINN DN DY DYOIN

NONN) WD GO-TIVD NNNHD MLP NN DY MINRN IYNRD DWDINN DPIPONN DIYPIY

.(N2>201 MNINAY GNDIN IDINN PAIND

INT) NYONM PINNON 22A0Y NYINNY DIINN NPNY DMYY NN MNMPN DY OND NYIIN

19N (2.2 'oN DXWINA

(0 ,7N) 9PV Y NDR PN .1

DTN MO DN .2

M MYAND NMININN (NPOIINITIRI NPHIMOPR) NI NPXPNIT NN MIDX .3

T2Y MXNINM NNAN ,03TION Py

LT VPPN 1320 DIND DININND YPIP ITIDY) MHYNN MDY DY MPRn MmN .4

11390 NN YAWNN MY NXIN (OOROPN DITIDY) NINKD NPHRN D9 INIRA MNPH Pan

MMpR Sv monn nusvn (Govers et al. 1999) 9no AN Y¥ MYITY NN NYON YY N1

.9NDN PP YW DNNRYIY Y 127 NN DOV DMV 8P DINWN XN
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ININN NP

:

|

|

|

YOI MNPNVIAT) pjaye} laEh)
(12901 MDO) My Mo
noNN
\4 \4
A 4 A4 \ 4 \ 4 \ 4

| o | | on | | Ny | ynn noon n9ND

VN mapya

nnYoo

- ! I }

ART) DNNIIN ow) YN | | =nn NNt 29Ny
n9NOD no>No no>No DN NOND - mMYPIP MINNNN
my MmN NLYN DM¥IYI NPND - MNNNN M
NN nypPIPa

(Lal, 2001 »INX) M221INN NPR 29 DY MYPIP GND IY NYIND DI : 2.2 'ON DIWIN

D>1I59N DIN APY DI WK TONN ,DPPPYNN 21N TONNA INDNN YPIPN GND 2P0 9NN
DN SV NN TN DWIN MV TN NIAPYA (DIWN HY NAIYN IN D19N ,09NIN)
PN NPNPNOT MAPYR ©DIPNY DD ©I5N 70 Yy qon L(Ellison, 1960) man Hw
Sy DY DXNDN DI TIYNN-1IPII O1IINNN DIPIPINN IYPIP-DY N DWI DXANYN JIY
qO-TI9 NN NNMS NYONT NYITTN NPININD 1Y PRINY TY (OX1IY IN SNOWYN) 1NN MDD
NI9% NN YAYN NLYN N9 DY MDY .IINN DY NYPYN TONN 2>NNN NN adwa LV
NYONM PINMN TONN VPPN N9 DY DMNN DIDYINY NN NONRND IY) 90N NI NYPNN DY

.90-TIVN NMAX NN 2D DX MPNNYI ONY 10D 0P PoNN DY

5NN NYP M DM MYNNNI YPIP GHD NXNND DNY DNNY DININI DX DIPNI
Lal, 1997; UNDP, 1994; UNEP, ) oTxN 1> nwyn noNs 91N ¥PIp MYTOTN P , M2

93931 NYN9N NRND  ,MDYN MVH NAPN YPIPN MDY DIHND NHNX DN (1991
.N220D

AN DI DY ININ N NP NPYA D, TPNN-TPNIIWVNN NMRIN DY WIT OWIN NPNONN NTIaya
SV TN NANN DN PN OPNYL DN DN TPMIPN THINTIPI Y2 P RO D90
DMIMINA Y95 1PN TPHNIN NANDN .THIMIPH YN NIND DNN DM D) ON TN ,PRD
PN NPYL NN NN ,DIDRINP ,0DH/N D HMI2 DN DN MYNNINI DYOINN
oY NPvM NMNT HY NPIAN — DININKA DYDINN DIINN NWI MNYP DYNI2 MINDN
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TN O NNOVIN ONIND DRNNA DINYA NN DN I9N) GND DTN DAINPN NN
TN NYDM NMHNIN : DIPOPINN NYNN DY NDDIAN NN NNNIY YININ GNDN Y95 DY NPIoNn
,7I02) NN N2 NI THYPIPY TINNI NI NOMINY T ,MOYPIPN DY YN NI OIN 90

(NP N DN

,DTRN SV MPIDILIN MY ,0»YI0 DXIDNN DN P NIIWHN INYDM GNON MINIVNIY G
i . N N n N i , i
97N DMIYAY .DYONID GNDN NPADN NN NITHI ,NNITD INIPN TIDY XN MM NHYDON

DYYMIN GNoa 570 Ty L(Ramos-Scharon and MacDonald, 2007) £»12% o ywa XN
D NMNRNA N (1997 ,0INIVIN NPY) GND MM 2PY DININN DXAIN DXMNIRNL 2V NN
(1991 9 ;Laronne, 1990) ano nypwn Y931 DNOY NPIND N NN DYTANDY DXHNOIN
Asaf et al., ) 092 NMINDY DN GX DN 9NN NN DIDNIHN ,DNY MNPHRHD DI
(Balaban, 2008) 75310 *PT 9noN *PYP5N X DXNNTI DY NNXN0N AN Nwy D (2006

DM GNON NN DMIPN 5NN TPNYN DY 11PN P TOYPIP DY DNNHD GND DY NYpYnn X
DN YW VN DIND

:IPIHOPNY DIPNY MNMVPN NPIPOY GRD N1Y WHIN NN IPDN NN DINNA
DN YPAN DY POWY MINNNN - -
TNND DNXY DY MINNND - -
YPIP-9NDA NP OPNY YV N0 -
TPMYYN MDY YIND DNV N0 -

MPY NPDY MYPIPA NN (PIPING) NNNdn nysm -

AVON YN .MV DD TIND DN OPRY ,AONR DN DN IPON INMN OINNA 0HMN 9
) NN T2TH MYRYN .TIY NPNOVY MNIITL YNINHD PRIV 1Y GNDN NYoN TONN
MIPY PN J9IND KDY MTTL MDY NYNIND DOYN NIIYNI GO HY MNTPRM NYon
DMWY IR DN DIPPY TONN DY DMIN N1V GNON MYTNNN AXP DY WAVN 1T 1IINRND
NoYNA DNPRY DY NNINN NIRXIND MYV NPRY 7DX02 NIV NHNT DONINN PoNa
(Negouker-Cohen, 2007) 1v72n 5nan Ny N30 PON YA AN YN 0PN T35 10NT . PRN
PYONN NNN HY DY 5NN DINTD DINN I2T ,NYN MY DI DX DI 1Y, )N INN

.(Hassan & Egozi, 2001; Negouker-Cohen, 2007) nvavipNn moyna oM

GNDN NN PIANRY 1N OXNNA NN NONID NPIYNN 29 HY DN GO POND NI ,DO80 ININRD
silt - ) V90 YPIP (070 0.002 >) TPIPOIN YPIPY NN NONPNN NPIYNN .PPPYN ST 29Y D)
DN L(n 16-2 - granules) oy (0 2.00-0.063 - sand) S ,(nn 0.063-0.002
256 - n o971y boulders) 07912y (7 256-64 - cobbles) My (00 64-16 - pebbles)

0
PN IMPHRY GNON YO (NDIND)) NININDY ,TINPINN PN DY OYA0N IPIN NN DOOMIN NIV
DYV DYIONN : NYOND DIPNIN GNDN NN DIDTHIN NNDANT NXR DOYNIP BIIHNN IND NV
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DM, PRI MYPIPN NP NN NMPIN IR DY5I1D DOYIVN D¥HNIND .OPIMNIMIN DIIINM
NN GND NPADR DY DWPAVNN ,DMIMND D¥IHINN .DMNIN I3 P92 DWNINN
NYDI YOMYI NMLY ,NIPAIN PRI 7P, TOINRIPN YPIP TIDY PDDIV1N MNP 09N 00NN

PP QN0 NMYA DY NI YWD 1D WM ,INPN NNV MYAVN NON MW /TI) 19y 3772

DY — MNITHA : DNY D NIN MY NNMPNNI MPNII NYNINND DI9NIN NIIWNY GNDN NPIDN
D02 72YY PITHN TN DTN MY N1 MMM MYPIP DYIN DOINMTH DONN
(2009 , 01PN NPY) DYDY NPNN YIHNN DXWYNIND BV — IMYPIPI 2NN MY, NITHN
,DPYNN DY OPMNON PIAY DXONA IMON DONITHN DHNNN YW OMPTN DNNXIY
DY) 2, TOINYN NNDANNT PTIVN DOYPYNT Y2 ,DOYPYNT ND) MIDPRN MNIND 12 TN
NPY) NLYN M9 NMNON PO (MNDN P2 JIIN OPI ,NND TONNI MNXIVN NN SNND

(2008 ,0o10Y

N'7N20 NOIYNA NOININ 2.2

NoINTA Npoox 2.2.1
Mpnn 20 (rills and gullies) omxaya nyovnn (interrill or sheet) mnvVwN (MR NND
qnonN Y3 TO5 MNLvYHN 19NN NN (Parsons and Abrahams, 1992) Sny qnob »Mpoyn
Poesen, et) 109% Sy N9 1N NPV ¥ DINADN YN ,INNRY IR MINWN HIPAIN PR qOVIN

NINON YPIPM DY MNONL NIN HNLVWYN NN YD DINN gnon M .@l., 1996
25901 )N MDVYNN YPIPN NINON .10 DY 3257 25700 NNIIWY , 1AW : )1 MNVND DYIN
PITHN TNN,PNIMNON NN PNNK NDIIN DD MIKINNY DIRIND 197N 270N 1790

NN

DTN NIYA DY ,DMPANN DN TINITH NPND DY THIMND NIIWM IVND MOVIVN
NPIvN NWIND IRNWNN NIN 1T NYND DMDINN DOPINRND DOYTIND TN .NOYI MTTM
:Universal Soil Loss Equation (USLE) ypapn »nax
A=RxXKxLSxCxP
TYNY ,MNO2 NIV NON) OWIN DIN 1N R nysImnn nomwvn qnon npion nx xvan A
NONN ,NNDY YPIPN MYNT TT0) ¥pIpn NN o7 wn K (owin 1 v i
WD LS (MTnn nTm ypIpn mMNN MmN PHNIND IIND RYIdN L YPIPN N1vopLa
NLYN 79 MDD DIN AR XV C (PNITHN MDY TIR NYAYN P 1Y) P9IV OINN
DY 0N DX XV P - ) PININ MDD IN IONNY YPIPN DY ¥ ORN ,NNVN YPIPN DN)

.(/http://topsoil.nserl.purdue.edu/usle - 2 1Y) ypIPN



http://topsoil.nserl.purdue.edu/usle/
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:DYITIN NV PN ,DMTPIV MNIPY JY DO DYTINN PI

(http://topsoil.nserl.purdue.edu/nserlweb/weppmain) WEPP .1

(http://www.tucson.ars.ag.gov/kineros) KINEROS .2

2115 8 (Rill erosion) o9y 4N .0MINIIY GND DX DMP ,NPNVWYNI N9SNDN DY G0N
(2.3C N) DWRN NI NMAX YPIPN N9 DY DN NYIDNYI ,IPNVWYNN NNDN 2OV INKD

DNAY DXPYNA YPIPN 29 Sy D3NN (rills) DMNY YN DYIND DXPN NN NPNN INKRD
NPT NPNN NYIY DINXIVN IINPN NMIAPYA .NINWNI DN NIIIT NDIDN DN DIDNN
90 MPNNY YN N3 PONND .NNUNN YPIPN M DY DIDMNAN NN INNNND O) T 0N
NI DNXIIY GND TN GHDI YOI PIIN IIND DINNIIYN DDTH (M) YONDI) NNION
919 7 9N NN O»ROPN DNVYA .(Gully) DX¥1Y GND PAY TPNLYWH NBND Pa : 0PI DY
INIPN NTYA ,NONTY .1PDOND NNINOYIA YPIPN VIV MONN TIND IXP I P19 IO
DYANNN OMNN, (791 DN 00V I, INTN SNMAN) NNV ODITH NN NXIN 2PN HITHN 1Y
DY NYP DN GND 2D 515N PUNNT NMIT NNLYNN NDNDN NINMDY ,DMIONN IN
DOYNAN NIV DNPYO IWINY 17D 30 DY NOWIPN OPMIYY - YPIPN 19 DY DINNN - DIy
MMANI DY AN YND2 ©IND DM DX WK (Unger, 2006) D>vIwa D»IDVL-1INY DOOTIN

(2.2 9YN) yPIpn

;DM DN DINIY GNDA .DMNNIY N0 Yv OTPNN 25w wn (Gully erosion) oy gno

95% PON NIDNY DI DY GND .(2.3d 'DN DWIN) PND DN DO YPIPa DININ
D»OTIN DOYNNN YINT DIPOUN TOM DIV 29N DIXNYDY MIND TONNA NINNY YPIPN 291910
ANy ©225719

IDINT TV NLYN AN NN L,YPIP DY NPDDN NN NIDND THININKRY NYIIN N7 DIXIIY GND
WRY TONN N ONIWN GHON PONN 10D .DMVN 190N DY DIPNIYI DINYD NN NN
2 TNNN PRIV YPIPD MMANNI NN YPIPI NN OXIIY DY IINNNNN PRW PN
NNINN PYIN) INNN WD NOYNI ANNNNY DXV DN GND MIAPYL DMINNN DIXIIYN
INNRD NIND IR IMIN DY 127 NN NYONY YN INAT NOMPY 0N (P NNNRD MInNnnY
NP MY YV INLY DINNZ MMM ,0Y MYPIPA .(2.5 ,2.4 'DN DIPWIN IXI) NSNDN

MYPIPA DMIXNN DXXIYY NXNYNL DN DOPIY 21D D1 DINNN DIXIYN ,NVIA-NPPY
STPOIN DPIN MOya

VPPN OTIDN 59511 80% DYN SV NYH YHIND DN NPNDN MIYY DNIY MMIPH DI
ANir and Klein, 1974; Poesen et al., 1996; Quine et al., 1999; Poesen, et al., 2003)
NN .DYYN DY) OONNY DOINTHT MTIYN NIYPIPL TNPHI DINNINN DINNYY
NPNAN NIIYNY GNDN NPADRY MIPIYN DINN NN DNXIYA NONDN NHPYI MY DIINIY
9901 TY DYDY YN DMNXIIYN OUNI HY DMNTPNN 28R (2009 , IRV ;2005 ,17TIDION)

VPPN WYY PNITHN MDY YN NNIND DWIN NHXIYI Y2IY2 MOND MV D00


http://topsoil.nserl.purdue.edu/nserlweb/weppmain
http://www.tucson.ars.ag.gov/kineros
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ANDN MMNINN YW SNNID NN : 2.3 /DN OWIN

— [c] ; (Sheet erosion) mnvwn nano — [b] ; (Rainsplash erosion) owy mov 9no — [a]

.(Gully erosion) o>xyy qno — [d] ; (Rill erosion) omxyy ano

DNOPY NI PR IR DY IDY MIN PINIPN VYA NIDY : 2.4 /DN DVIN
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(9NON IPNY MNNN DDIN) DI YPIPI DINNIY MINIVD : 2.5 0N DOWIN

MOV ,0PNMIPA PITHN TN YPIY VPN PN DN TN I MNTTHI I8N GNDN Do N
To12) NITH2 GNONN PON YPIY THIONIN NYDNN T2NH .NPMONIN N1D7312) DINOHA , NPNITI
YN VYA D) MM NPNAVIY MY

19N NYDINN NININ NN 5y DOWAWN DX DN NYIDN

(Walling and Webb, 1987; Sharma, 1996) nw2>n n9pNn TN DWIN NPT .1

NI NV DT DY NYOIN NHMOP DINNY DNIRD DMNON-DY DIMNA ,DNY OINNI
DXNYNYY DONIN-D> OININD .NIXPNN WAV NNPN 0PN DOWPN P IWNRD NNIN
DY) INPI DM NNNIN 11D ,DXNT DXNINI NN YD NNPN ¥ DNIY DIYIPNRD
.(Alexandrov et al., 2003; Cohen and Laronne, 2005) 1>)97 7700 N1ya NYRIN MIPPNA
NPNN PN DWIN XN DY (NDYNN 591) NONOM NN ,NNNW .2

NOOP L TINVNN NDIIT MIPOYA NN INNNY DINNYY DIMINY DNIN THDY NN PN

NYOM NV 9y Nyawn owin nnsy (Yair, 1983; Graf, 1988;) owin mnxiyd N1y mawn
SYa 7NN NIVN OWIN NDNON N8NND DXNYNYY DAY DI NINA DN MITH 9N SV
TIPNIN PN DY PON P IXN ) DOVPRD 2172 .1IPNN PR DTN PAY OWIN XN DT P WwWpn
noswy o1 (Richards, 1982; Graf, 1988; ;Sharma, 1996; Goodrich et al., 1995; 2005 ,y12)
.GNON MMPN DY DN THPONIN NIIWNN DY NANNN YT DY D) DIWIWN DN

NNV P2 DNV DINNY NDID MNNNN .3

NDMY NYAYN D) ¥ ,NYDN NAPNN TR NYAYND qONL ,N¥NNY DINYNXY DINNY DINNI
NIRWYI YPIPN TN 135 ,I8P 733 DWI SN P )IIN TYH DIDWIN NIV .YPIPN YY 1»NNSN
NVYTY MNP (2006 ,%7219) TNIN TINK DX POPNI YPIPN DY PN ONNY MDY NN DM
MDY, MTIYA-ND MYPIP ¥ 1AW ITIND NNY MINI,NNNTY .9noN HY NPV NN TNl
NLYNY DN ,0NTY PN 0.3-5 PMVYN GNDN NPIBN NX POPN DINNNX NYITY NYYI 1NNHY
N2 O) YN GoN NPan .(Sharma, 1996) o175 P7n 3.6 XoXN NYYNDN 1AW PPN XY Y9IN

.(Gyssels and Poesen, 2003) oow1wn mnnann nna (Cerda, 1998) ny»nnsn
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ypIPOVIDIY 4
DONNN YPIP SVIDOWI OMOY DY MYIANND APITY NI 1T 07N NYIWna PNINY WK

NDY DIPOYDY NN DMYI NPOAN ,NNN DN DY HIPNHN PRI HNIWI [ NNNTD .OONNTN
-2 9N L(Rozin and Schick, 1996) qnon npvn mvPM YN NN MLPN ,NPNNSN
QNN NPIBNY YDPYN N NI NMOYD NN YPIPN ¥AIN MNvowa oy Goodwin Creek
3 NADIM YPIP NDY ,MDIV N2 HY NODIN DMNDN-DY DONINI PNNDH MINOPN
TN TINN YPIPN P XD NONDI MDIV ©IN Mapya .(Yair, 1983; Lavee et al., 1997) o3oy1mid
MIXND MM NN MPOD .TINA NI YPIP DX NN (Zgaier, 2008) mna NoILVN
.(Inbar and Llerena, 2000) n92:11 N9°ND2 MNVIANDI TN DI NMIXNN,0INN MIAPYI
DPIN PN NHNIN MNPN .5

IN DY U910 7NN NITY IN LYAN) PPARND M) PAY MNITN P2 ODTAN NN MNPNI
5NN TNV MITY NND TP NN DY D12 12 MININ NIIYNY GND DIPIDN MINITHN (YOO
DXPNN NN NN DHOVIY DNYRI DN DM YOIN TINNYN GRDYI ,MINID 912 NYNIND
M”10 N3 1932 .59v2a DINNYI SNIN MMITHIN GND NPADN INNX NDN NND .GNDN 112 NMOYD
(piping) MMNK S¥ MNNONN IN YPIPN YPWHNI MNS2 N»YY APy YPIP MWD AInD

,TPDY N2>202 NNNY NYNX TN THHA 1wn Nt 7onn (Quine et al., 1999; Johnes, 1994)
VDY DAY TINT NPV N DIWOIN TIT YPIPN IR/ MTHIND NPDIN DAV DNNYI
NN NTAND YPIPN JTYO IR N NIIYN MIYPIPA MIPOYN TI9NN IIND )N NPDIN
{Thorne, 1982) m12)1m N7H2 (DIPXVNITN APV DNV DIHINI NONDN NYY NPIMPN
SN3) MM MIND HYND MPmY NPOD MYPIPA TIND NXIA) NNNH DY NYAIN ,IPON IMNA

S N DR ,MA

N'7N1 Nd>IYN2A NOINN Nyon 2.2.2

DMPNNN WY DMWYN NINNIA DXWNNN NNYA .02 INYON XN GND NPIOND qGONN OINN
NONIN 1D P2 WPN WITIN NON DMIPNNA .FHPONI NAINT XYNI OPNIDNMINIT DMNWURIN

.(Webb et al., 1995) oonn nprov Pad

5NN NP2 WY (DVYNN) DIPNNT MINNIN NNX DINNDD DINN DN 2.1 'ON NYava
1Y INRD 9NN DY DNXIN 1DV (2009 ,DOTNYY NPY) NINND DINNYY DNNY DININA
,(MPN2 YN NINY 29 IXIN 1Y PN TV DWIN NN ,3IPND PR NOY ,1IPNN PN NI
NIOPRN NANIN 11D, TTIAN YIPND DY YN TwN ,NNIN NTTH) DNIAY DIYIPND 190N
NONDI IR NPIT APNTIPI NINDMNT MYSNNI qQON) YN 217 D N9IY_N72001 DTN NV
NANIN 11D HY THPNY ANIINT Y PPHI NN NV MTWARD ION NIND MNDNT .JOP 1V
D 500 Yy 0w oK L(Gerson, 1977) DITO 910 YN NN T LYNY DD 0N

TNV TPON DNMNND TWARY N1D3 NI ) OYITPNI DY) NDdIT 99,7000



L,ONNNY ©XNINN DNNY BTN NPINI NN NYDN XY DIPHN DIDD : 2.1 DN NYIV

TN
WX
NN

Event

duration

hours
4

100

WPN 900D
NNt

Number
of events

26

(2009 ,0°103 NPY) HNIWI WY DIPNN DY waTa

wvIoM
nann
YINDIOPN
Maximu
m
concentratio
n

g/l
55
>15

54 - 453

87

26/39

900 (60%),
mud flow
285

186

250 —500

[ml7p b)Y
v

Annual
depth of
precipitation

mm
300-500

308

300-600

640

190

20-150

31

220-350

390

PN NOY
NN

Catchment
area,

2
505

km

34,866

0.3

30

0.06-1.5

0.6

110

270

PN DN PN
PN
River Reference
location
Verde Fisher and
River Arizona  Minckley, ‘78
Il Kimere Frostick et
Kenya al., ‘83
Luni Basin Sharma et
India al., ‘84,
Sharma, ‘96
Katiorin Sutherland
River and
Kenya Bryan, ‘90
Homestead Dunkerley
Creek and
Australia Brown, ‘99
Mount Sdom Gerson, ‘77
Israel
Nahal Yael Lekach and
Israel Schick, 1982;
Schick and
Lekach, ‘93
Eshtemoa Alexandrov
Israel et.al., '03
Wadi Benkhaled
Wahrane, and Remini,
Algeria '03

2Nn31n nd>yna noNan 2.3

TPNYVM PHRYD MINITH : DXDWN TNPN MY NNOD D) ,DONY NN NYDIND NNNIY MO
JNPNN PR DY NIPNIN NYI " DY DIPMNY ONNNA ONNYH NAODN MNPH PN P9NN

DWNIN OPXARD DMIPN NMITHN ON NAMNY DIPWN MPHRN PRN DY O»YN DPoNa
DOPANY NPANDNT IINN NPIdN IDIDAY THINTVTHN N»DAN NN MYONN NPIITHN NMYINM
IYNNY INMMIT NON ,NMNON ,NITIN YO0 DY IMHAN NI DN NYIZWL DN NINITHIN
193N >IN DX OWNINN DMNITIN DINONNN NNXIY 12 NITHN DY NNNN 1MDAN 9N Y
P ,9N3N DY IO NDADN NIN NMNY MWD NPNRN (2009 ,051NY NPD) 1DX0aY PITHNN
N7 12 NN NHRXIWYA YN NON MNPHN PIARY NOINN IIND TN ATPNVN PMT
DX TN ,D¥PANN YYD NN DMIMANND NON MNP .NPNDY MYPIPM MITHIN DY MTNIYN

MMANNA NON DININ VNN DTN .NAMAN VYA DY DN AN PHYI DT DXL NP

DM HMIN NAY HRVYNN
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D»PIYN DN DN DYININ 2T .ANY THAVN Y5¥a DTN NN DMP SNONN IPDN NLY DINNA
DN DN, Y09 5N ,77) YN ,7WaN SN (TN NoYNI) yaw AN N3 > (gravel-bed rivers)
DYN) ,0MP9N DYDY DN 10D HNN PIIN YN VINNWR-NY DN 1D INY JOP PN OHYa
NIN 9D HN) ONX IPINNHN TN DN DX TN ,12D DN XN 010N DYTHN .0»IN DIDN) DN PN DITNN
DNLP DIXIY NN YW NN NYYNA 997191 DI XIN T2 HNN XON DN DY 5NN NP 9N DM
.DYN YN DM DM ,I19NON DI DY THINIMIMN PN NYNINND ONOY NHyNIY
NPIN PN DY JPOYN PHNNN WIND 9INN ,0H3 qNIN XY NN NXID 9INN Y95 T17av Pron
TN NRTPNRN TOOIN PYOY T30 0N )99 DX DD HIPNN P INYNn Tonna ypw
95 DMIPNN 22 .DYONN PN TYN NP29DA MNDN TPIND NYON MNTPNN AP .INN
L, DYV PNID) XN NI YN IN2IPA MOXNDY DNIN Y NNDINDD DM DN IRWYI DINN
1 -n Ny Ty DOXIPYD WIN SMN XY 51NN PRI TV XDN DYN NYMY 9pnna (2005

Aon

0'7N12 NSNan nynn |9Ix 2.3.1

AWPNOY TPININD DY NVIAD .DMAN NN MDN NN IDIN ND7T2) 51D DN NYI NN
NN IN ODDIPN DT NONRD PTHINND ,NPPINXR MXNDN NN ¥ NN DTN DY NHY
NON NN TV NYINN NINND WITTN DTN YONND YD XN NN NYNN NDINND NI9NIPN

NPHN YIRHDY NN (S) 7INND MY (R) DN DY OIIRITIN DPTIA ,PpPponn DTna
19 MY PN DX PNIYY DIRNNN PVMIPN YXINNPN

(1) Te = TwReS
NOINRD — T .D IDIPpY PPN HY NYNN NYNINN 1Y dYVMIPN IINRITNN DPTIN XN R 9WNO
=) DN YW MDY — Py, Yw=pwd -1 ,D 512 PPYN S AYNnn NYNN YINTN Y07PN NN

NNN—g

Mavis, 1935 in ) 7PN MPNNN MYSNNA PIPIN HY NYRNN N9YNN NN XVIY TWAN 1D 10D
:(Schwab et al., 1981
(2) V, =0.152d*°(y, —1)"?
JIUND
SVUHOLND TPYN — Vs ; 00 L,PPPYN 0P — D mwsm  nynn nonnd moonip minn — Vit
RpRivilaly

AN NMAY MVMIP MDD NYIT TD 91T PPPONNY HI5Y MIXID TWIN 1T TPPINN NNDNN
ANYNN NHNND

MY NN ,THPIIY—TNI THPNMIY-1T 7PNNN 1D ,5MN PN IMNNY HY MNNINND ,DINdYD
VY2 27T .AYIY OMIN PO DN NYPNN MVP 1NN IRNINOY ,D¥NN Y DHOYNIND NNdPIRA
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¥ DIN (M12) NI NAND ,NNIY MPNN) MINIT) MINII .1TIN PNV O¥1 ©OYNIA TN
DIMIRYT INNIND HYNY — MLP NP MPINYI TN ,DITNYI DINDYTA NI IN NN
TONNN Iy YPIW 190 INKRTY ,9I0 28ND5 GNIND AXNHD 12 DINN - PPARN TINT DINNY) DINY Y

.(2005 ,0°10 NIY) SN

n"7x217x 0*'7n1a (scour and fill) aanni v'rn 2.3.2

N295VN IPNIYDY MY TIND — D»ININ DXTHN MY DOWNINND NN DY NYONN 220NN
YONN DXWNIND NAY ,DPONNON DXPPANI NDWAN NAIWN NN NYDNN MDNNI NANYNN
DN NNXIYY ORNNA DOWPRD P2 MINYN NN NAOWN 221y 0PN NPNINM NN
NN PAY INPIIN PRD GHDN NPIdN P HPWN MNPY O»P 1YW NI N1DT T0WN SXRIN

DMOIN Y2 WY 1DV NAOWY 5NN NIV DN NINND

DOYNA APV NP MNY TY MINY ANRD I YIND DPNM NN RYNL DIPNNRN 21
1w Mps 5noy (Lekach et al., 2008) S5y> 5ny (2007 ,>m5w) 900D SNy LS 5N 10D 0PN
-12109 DMANND NYYA NAOY DMIPIND INYD ,2000 YINIA NIIND TINDN DY DN TIVIY IPNN2
5w Moy (Lekach et al., 1995) o praxa NN 129 DN DPNONRN P2 DTN DOINTI
N2O¥9N N25WN Y DY 2IWN YN NYIAP NIYINRND ,0DNIRDY DOPXANT DY DINID NAOVN

.92y DYPR ONIN DY YN NPADN NPONIIIN MDIVIA DY NMINOND .DMPN NN TOWNAI

NPNND PRIVY MINIY AWON .12 207 Y9NIT NPRIND NOVYN DIPY INN 2.6 'ON DOWINI
DN .A7NP 10 Ty 0.1 PaY DXNHVY NNV TNPNI ,IPMIN PR DY INLYA NMOYD D*APNI NNY
NN IPNH TANR 0N 2N DTN, TPMYRYN TINYN 1PN NPNND PRI 179P 10-1 0911
93T YIPNI NI NPNNN POIYY IRIN (1WA DN DY Hay) DN IR YN 2000 DIV T2 DYV

(2.7 D1 DWAN) NPOIN THPAYNL DMIVN DWW TY WIND D1

10
E
&
= | I
i) — [
] 11 S .
= % il
- . °

. @
0.1 T T T T
01 1 10 100 1000 10000

Catchment Area, km#

(Lekach et al., 2008) N2y 23 °9N39 NPNNY NOVYN DIPY : 2.6 'ON DIVWIN

INNNNN SV Y910PNN PRIV DX NINDN PINTI-1PNS NN — FPU
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NE SW

7 Channel S———
] - odimett R 4

Depth (m)

: S
O prench Priog. ta avet™

0 10 20 30 40 50 o)
Distance (m)

PINNI N3 VPN Y (WA INY PN) 9PN INT YR X1 2N ThN : 2.7 'ON BXWIN

(Schwartz and Greenbaum, 2008)

P2 5NN PNYN DX PVITND YN [, TAN NNMT MPX TINT YNINHD NPOIM NN YW PHIN
DI MPNOIIND DRNN NN OINPN

ANV DINNNN L(NINOT) PR WINPT, T MDY KDY 019N DININI DININTD DOYN)
DOYAYIND DN NIANI INY DITY MINNNN ANP (2009 ,PTNYY 1ND) PRI IWUND AMID
DN 2T ,PRN NOVHN PONI DMNT DXNLY DY DIVIND IPOYA MINON .OTX M2 HY MDOYIn

INNNNN 28 NI NN MNO MOV NN OTPN NMYYD

7M1 qno njpiIon 2.4

MWNPN MPTN WY IIND MPNT DY PPN NN TPHNIN NIIYNA GNDN NYON 21N KON
Y79 199) , 05T Yon 9N YW NDAN YN VYN MPNT NPMP DMIATH DININA NI
DNOVPN NMNAVIVN P2 5>TIND W NT IWPNA .T2A52 NPNIVLIYN MDD NNNIWIA NNION NINN
TY 9NN NN SY NONNX DI NN DMIIYN DIDVTIN MNVIWN 12D PRN NI ON DWW DIRY
TPHRN GHON NPIdN NX DWPYN D) ,MNYN MIND M P2 GND HY NYINY qONY ,X¥IMND

R Rviivhb]

NTTH NN INPA NPAOTNY NIVYNIN DOV DMK GND NPIN DY 2IWOND MLV 19010 MN»P
NNNND DINKY DINNY DMNINI GND NPIAN DY YTHN 217 NRNL YPIYN SNPRND qnon 99

Langbein and Schumm, 1958; 1999 ,3051 115 ;1991 ,1)1) DM NMNNA GND NYPY Y DOINN
100% Y 219 Nav nTaon X0 pNn L(Laronne, 1990; Laronne and Wilhelm, 2001;
SNNHDD NAI AN DYTH DNNIY DOXDITI DIOYIPNI NONTIY VIT NN WINN GNONN



42

VN THONNI INPIY NIONTN 90N NMIN OYIPN GND NPIdDN 1IN MINK. MOV
NODIAN MY NYOI .GNDN NPIBN YW - MDIT T Sy — 21WONY MIIPHRN MY DY MN»P
I NTANTTOIV NONN NN IN NNNIN ONIIY NNINN I DINMN YW DNNTOPN Y
P NI NYNT ,DENVOOPR 1MW YL .DTITHN MINT P DONIIN NN DY DIXMN NWH

1 VW) .DODN NPEOD PAY AT NTINY NN MND WX NOININ 1D P2 (rating curve) awp
nvy vidw Mo L(Phillips et al., 1999) npraon 159y NIV Y5 AR XLV NT YR *D NNV
9y MDDIANT MOVOY YYM ,MSDINIVDPRN DY Y DY MODIANN NN NPIvN VNI MLV

(Phillips et al., 1999) m¥5197909Kx S N

P89V DPNND NVVY

SSC- Suspended ) m9ININ 11997 NN NI DAY DINRNRI D) DNY DINND T

JUpPn MYy R 0MPRa Q) onn nprava N»Yyn oy Ny (Sediment Concentration
: DINVWNN P2 YN

(3) SSC =aQ’

1-n MYP b NPINN .DXNY D NINA DDIWN NIY 64,500 79 DITY @ NMNVNN DIV DINKI

.(Reid and Frostick, 1997; Graf, 1988) o>n> 0>11iX2 1-n N9YTH DXNXNY D3NN

APy (DMDTY TN-TH DPNRY NIND) DONIVDN DIWP PTHINY IWONR OX NV MO
QINIPIN DY TOYD NDAYY NMITI NPDWIT WHNYND ¥ NIN DIVP YW DM

nMY P OONPR P2 0011 DdYTIN 0) om»p (Walling, 1974, in Webb, et al., 1995)

D NP2V PIAY NANT 1D PR IWPY MIRNDN 2 N NTaya ((Negev, 1969; 1972)
IDINN NPYIAN .NAIWN DIPINHD NIND 127192 00N NNHIY DN NI MIND NNNIN NI
IPTAY DXOYNN DYMNIAY NI ,IPON MND PNINND RN MN ,NTIAYN ToNNI DNIMNNY
-39 DN NN IMN DD MPIRNNN NIRNDN NNIAD 1N XY OINTH DIVWPN PA DI TINN
DOYNINND ,0MINPOPN NJNT MM ,GND NPIdN PTHIND 2TD NT IYPY DINNON DIDMP NINYN
NNXY WTPNI DYPYN MY 1N DX DINYNI VIV NV Td DYDY .DM»YXT DX11D 191 MINI2
, VDN NAPNN TNN ,DONVY JIT 59799 NYXINA NNXIYI DITHN YIT 7PI192 DY) DY MIDNOPOPN
S HYIOPN 11D NHPRNN IN NN NDOPOPN NPYAD ,NMNNRNN MDD HINKXL,YPIPN MV
9900, MININ TYH ,IPNN PRND DN NPIAN ,NINIT DN NI ,NINID NYXIND NPYAD ,NNNIN
NN DM PAY TUDOOPN NPAD P (MDTPN IR D) AT YIS MINIT DINOWN
TN W DN NPIAD PIAY NMNIN 11D P2 1NV DIPNHRN DIWPN AR PTHIND T3 HHoPNN

Lewis, ; Walling and Collins, 2000) 9>py 90199 N71y2 MY NN 119 HW NTTHA

(1996
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DPNDIDVVPND NVIY

;N (SSYield — Suspended Sediment Yield) qnann qnon npion 21w N nnonn

@) SSYield = Ki(CiQi)

i-1
; AVIND IX TITR NOINT 112> — C ; MTTN 19010 — NS ; NIV 30-5 MNWN 1Y wIan XN K qwxd

T TH O Nev —Q
129 T NVWN PYT ANY TR JPIN PIBY DI ITTHN P2 JITN P19 NN IRNINN DV
DY) NININ 1IN DN NPPAD NINYN DY INT DY DMP IUNRI TN DDVPIN 1T NV
N1, Moy T SV

DONN NN 11D DN NP0 MR NHN MLV AW NAVINDI NMNIT NPIAN
NN AVND YT DPOTIN DYDY ,J0 DY 1NN, 00970 THHN XY NYN DINWN MWD YR DOVNON
MIYIN NNMP Td OVO .07V 100—10 DY NN NAIPN DY DONYP DIYIPNRD NNIN NPIdN
NN MV NIND NN 1) NOR DIVP .NINID NI 129 NN NANT NPIdN P WP wanwny
L1 MNA 79522 YN DY PR NN) IR 0.66 DY NLY HYA TARD : NINNNY NPNY PN NP
979110 VIR NN PINY NI R8N MINAYRN 5N . (MINNYN JM)) 9707 110 YW LY Yy MU
DY NPINIA (2005 ,17TIDIDN) NN YIVRD WMDY DOYPWNHN DD 1951 MYNINDN 1Y 13D
NMINI .INY MM MPIADN AN IKP NN TYN ,INY MY NANIN 11D PNDN NNY
MPIdN MON TN NN TYH , 02N TY D212 NNNIN AT 971N DX NAY ININ MOYa
SN2 .NMY NPNNITN DMV 0TI DMIYP WINWNY XIDIN ,To%Y .9NY» M) GNon
771 1000-2 (V) D10 N2 12) (PV ATN) (SSY) NOININ NPIAN 12 IWPNY D) NSDI VINNYN

:(2005 , 297 TIDION) NN INN MNPNI

(5) SSYield = 4.4 v+
: DINVWN NPHINT DTPNN H2YND NNYD
(6) SSYield = 31.2 V1%

5) MIRNWNT 19D ,9N0N K910 OXVNK NIV XIN NN NPIAN NV NXNND DINPNY DN
NONMNN MPN D INNVAY NIYNI XXANY ¥ .17 DTN GNDN YYD NN D) MNVIAND (6-)
5557 GNON NPIvN YV GNINRN POND P NOR N0
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21001 niirtn .3

vy amy? nivaa 3.1

napxn nwan 3.1.1

P2 NPTTAN MW (AN JPIN ,5WN5) YAV DIDIHN MINNND DI TMY TINNIPNN NYNHN ©Y0I2
125201 YY NNNINY YPIPN NN APV YPIPN MINON ,PVPI-ND 22I0D NNINM *NN ,2210N
TPNNS NONPI NADIN P ,THNURT NNIX NIYINND MINNN N DY NADIN 29 DY NTTI

.(Droogers and Bouma, 1997; Govaerts et al., 2009)

MDA INITY MBWN AN, TNNPRA NN DN NI/ NN N 9PN Yy qona
N8NNY DXNNYY DAPNY DN .YPIPN NPNDY YPIP MNY NIIRY NMINA SN YW *aNInn

anob 5 yoan anx onw — (fertility islands) nv71a »X — qua MmN NI O

.(Ludwig et al., 1999) no>vynnn 7D¥ad1T” NINKRY DXVINIVN

MNOI PNNIND IMIND NDIDN ,YPIP MNDA NTPD DN YPIP GO TINNIPNN NWNN 29 DY
N D APY YPIPN NNV ATPY 0N PPY 19IND 19D VPPN PV NV ,0Y01IODN

Piemental and Kounang, ) n1yaynn npynoipNn moaynn Nios O Nm 1»Nnsn s»n 0
,DOYNN DY Y9290 9PN IR MNRNNEND NPYL OIIN NOORY MY 1D DTRND AMOYs (1998
SV PN PN NN IN MTNPNADY NIIWHRIN NRD 1IN GO ,D NBOT MTTIYN

.(Shahak et al., 1998; Ludwig et al., 1999) (shrubland desertification) no7ynn

nX7pn-n'omn avwnn 3.1.2

D) D ,MPPDY AMPNN DN ,DONDY 29 Yy DMIN NYNN YY NODIN POTINN YN
, TN NNXY DY NIIYN MYSNNI MNION P2 PHONND DPHY YPIPD DY MTINNIN NMINONH
DYDY DYIMNN MMSY 50T DMNYN NN DNAY DXNLWNN NINNT JITY NOM

2T NN DM MNNHY DMIOD ,0OUDHN IND DMDTIN DNINI YSINND NI NN DY NOM
MYNNNI NHND DINNY DN DT DNANN PN TPNNN MOTINN NYND MONONNNN
MPYYY OXYIBN MNITH 223 HY INNY DID MIYNNNL YNINND DXNDN DXNVWNN NHPNNN
YOIND TN 15 Nmwn )0 Mo (vegetated waterways) D»mONSH DX 9% TN 1D
MP AP DY L(MDIV) OYNITH DMIOD NI MYSNHNI DY NITON OINIPNN TIdYN

.(Schwab et al., 1981; Schwab and Frevert, 1985) nn»Ya-»x 1 7125y D1ONY NN
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n"'»n'HN nvan 3.1.3

moy (Miranowski, 1984) omv ypIp >widwn NNIN DX PNIYNI NN 1Y9IYIN NWIN
NYONDY DM DXPIIN DIV DINNI I NNDN INNA 1N ,NND MIAPYA DIDINN OXPN
5TIN NYAPY VINT YPIP INNYH MOYIYW S naonn Moyn nnn )0 o .(off-site effects)

.(Pimentel et al., 1995; Colombo et al., 2005) >5555

NN DXNYY DMYI5D DT ,YIND MDY DY 1NN MMIYAY NNDN DY PYON PNNRY 7251
DMINN YPIP NI YY) DIROPN JY DIPIWN NOIYN DY MMNXIN NYWNNN NPT NYOYn

Barbier and Bergeron, 1999; Shiferaw and Holden, ) y2e ypap 1 mowd m%ys nnaa
TN v 8y (McConnell, 1983) »2>0p9pn M07wn NmIYY 097 IPWN MN Yy (2000
NNIXNN NI Y INPA DOAWNN DINWHIN DN (Erosion perception) NYNoN NOXAM NYNP

.Ervin and Ervin, 1982) no>non 911 nv»Tn Sv

(environmental "goods™) mN2>20N “NNIND’N NNNN KIN D)9I9IN 292 TN 0N NN
DYNINA TNPNI,YIIDN N27ADN IY PNKN MDXYN .DXIDN YAV 15 712 NN N 090 1D

.(Oglethorpe et al., 2000) N2>201 9 ,MNIPR NIPNIND TIND DWW

n2IvIoIMINA nvnan 3.1.4

DOIN VPP NNDY DININN DMOPIP DXDHNN DY NDDIIN 1T NV ,MOTINN NYNI NNYITa
MYMND NN TN DVN TPNNINDININ - NOTIND TN .ANY NHOPH NXANIHN MYONDN2
IN DY PUNNT MYN MIOHNND 9N 2N WPND NPMIPHN

MODVVLON NIOYNN DMIII-IPIPAN DIIVAND NMIANA POIY TINNINMININ VTN 1NN P2
0"9opwn (RUSLE) 1192w USLE nnxTd 00710 .111°0) 19N MmN NN YN8 0ndv

VIDYY TNN,YPIPN DY NONDY MITNY ,0WIN DY NNDN INONIVIA : YPIP GHDD DN NN
DY DYOPNN DIYNNINI (DY NINN ,NMNNN MDD ,YIIN) YPIPA UMY VIV )N THN

.(Wischmeier and Smith, 1962) m>19nx 17182 INNMH DDV P2 DIONIN NIIWNL .YPIP

DMIPIVAN DOYTINM ,DOINYNN NN MNMN NDY M1 NNIN YPHN MIIWH MNNINM
NN N99X2 DTN NONN DTN DI .ONNNI DXNNONN MOINN 52PN MPYI DX TMYN

Nearing et al., 1989; ) MmN 1515 MNNONN AP THIY ION INDONY PUINTIN DINMIN
(Ciesiolka et al., 1995

D3P NI ONDIONDININT NN PIOYNN NI NPITA NONY NYIDN MIWN DY G0N XY
MYMNN MNMPNN DMV DTN MNP .NPND NPYIL DDAV DIXIIYN ,DXTTIN DX 1Y DTN

q70n ©¥Ya (gullies) MINNNN 1IPPHA ALY NONDI ML NN ,SWNY .NMNY NPND
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DYONN MIIWYN . PNRN TN OMNND NHDONDY MTI NND ,NPNYNT DY TY NOYNI PYNA
Poesen ) Qo apnn 0080 PYTY 1003 RPNINM NMYN MYRPOI MYNNND P2 DOYPWNM
.(and Hooke, 1997

09195 DAY DMV DTN NP MYNNN MIAN MDYN NN DOWHTH NMNY MYNN DIPIN
— N9YND DI1NY NPIVANRD INPA NINTHN NPVIPOITN DTN NN DN NMON WA DINONN

.(Schwab and Frevert, 1985; Morgan, 2005; Owens, 2007) »p5n) 11720 PR

N'2'vIALYIX nwan 3.1.5

NN TNV LINTRND NV TIONL TN YWY NIANN N DY 1IP0IV MYNN Y9 amwunin
MYMN DY aNINN YNV PPN, MYPIPN IRNND DY 12VTH DOV NIPNI .PIDYD DIMNIYN
DONN) TONA TNY OOP MPDVPHLIN DN NN MINAY D IR .MBPY MDY NIND

AWAND 995 3NN NN

JUAN ™MD .NMY MY DY 17 1901 P2 30N YD ,IWab DI MDVMNVIRN NYHIN
YT TNPN : NTY .NND DI NPITH YIND MPOPSDIT HY DINY DINPN NINNY

;(Gladwin et al., 1995 nrann >y PR RN ¥ ; (Armitage, 1995) nHann
N9995 , 007N DXVPIDN ,PNNDNMINY ; (Bio-engeneering) NoTm NHnxn Sy ,NNIPN

DMWY DX9YPX T (Smyth and Young, 1998) n95551 ©19 DYVPIDN ,PNIPN ; 97N

TPNPVOIN DY TYTNN NNINY NITION TPNIITIND NI NN NIDN 2 AN,V NNIRD GN DY
YN 55 NN N9INN NI PR PNIIYN-17 1N 5T Sw Mmdon by (Armitage, 1995)

TING 207N XYNNY T 20N IVAR TNNPN M0 NONHN NN NPOVINIIN NPDTPRN
DY MPHONOYTN OMNND DINNY TINDY

Nn''p-12 7101 nwn 3.1.6

MYN Mnar NN (sustainable development) xn»p-92 mms (1987) WECD ma1n s Yy
NN N29YN I OYN 7O7PINY DY NNYD DINRIAN MNTN NS DY MIVANT RID INNN M1
NIYNN 23571 P2 DXONN MDIWYN NN NN DY NP DY NI THN NYIAP YDI1PrPYa N2XI0N
,2IPIN NORY DI NMITVIVA NP PINID NNWN Y21 NHDMP-I2 911773 (3.1 /01 DIWIN NINA)

IUCN, ) 79999805 7-1T IN TPIONOT-TN 9179 NPPTHI NNIN YVNIVHND 1903 NN
(1982 in Kozlowski, 1993
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YNIaN P
N NN
nPIoYN MNNN

[a)ARRa[p)

: A0
DYDY ,VA0-IRYND NN
NT-P2 PN
(TPNYN TMNT NMDY)
NN NPV

(WECD, 1987 >ay Owens et al., 2007) Xn»Pn 92 M9 TMNIPY : 3.1 /00 ©XvIN

yauov '‘punn 71ian? o'rtm 3.2

A171R-1"21 MRnax 11n 3.2.1

V92D NN SY DNYAYN NPT (TPY NID PIND) 20N POXI NMOY YPIP) TN MY H TN
MDIVY (MPTRN 9y MOND) ONNYY 0NN MM ,NAN P AP DY I1ND DPMINON
YIDOY YD NXD) DM PHNY TINYRIT MM MININ NDION DY (MPTRN D) 1 AR MPP)
PNI ,DVIN OVPIN DN THPTNI MYND NN STTH 991 NDOWH DI NDIWN MoIva
Y VINONRY NPNN PR DTN LVINONT DY DTN YPIP NDOY VINONX DI ONNN NPIN
55535 Y752 DT DYOYTI NPNY DNOY,)D HY .DWIN MMV YN NN NIYNI NAND DN YPIPN
MNMYA TINYD TO2 PraDN DNVP NPNDY ,TNN TN ,NNMP-72 NMIN DY MDOINN NNONNA

.(Shahak et al., 1998) »w 71 ,01N TN NN 9>THNI N1 MPTNA DOYIPN HYW MHIT)

,0792 N2 NPHNON DY YAINIIN NPHN YNNI HYI2 DINHNON MYNI NININD NIDN NTAY
DMINO5 ,NPNAM NI NP MMTY YY NI (MTIPN MY ,0MP) DHND N0 YN
Yo7 NPXY DT DY NNIVN MYNNHNI DXNANIN DR NXD YN 1D HY .N2N P 2P DIINNNI

(Ludwig et al., 1999) 912 ©n> DD’

AN NN DTN TONNPRN NYNN 1 DY DXTIYN MNIPN XNVYY DXON»NN D27 DMIPIN
NPN ,AMYA-IN NP AP NIDY :YPIP MINWYN TIDY MPOIOVL DY 1MW NI T NOOWN
(YPIP 9ND DY Yy TN DWIYNN DYV XD DT P91 1IPDIV MTAYN 99 09 Hyw) YpIp
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YANP NN LYPIPN NXN NDOYI DIVINVNN MDY AN NIVNY MLV SY DNV DNV
NI DY NN VI NDTIN MXIND IIND NN NOTIN ,YPIPA DM DY NHNRD IV NN

.(Schwab et al., 1981) nown

Govaerts et al. ) PRI X121 YY ONTIAYA .INPI W XN YPIP IOYY MPROL NHY

PVIAPNNY NYNRND NIDMI D1 NPIIvM MNY NYIDN N2NN NN XYY NNIDS-N ) Ny (2009
IND-IN 2IDPY MYNNINI WIAPND INPI MAIVN NMINNIND IR PIIVNIANP TDY MTYA
VPP "M

99521 WD NADIN NN YWHTND NV TNNIPRN NWHN ,NPROPNN-NPOINN MOV 9O
Droogers and Bouma, ) ¥ypap 9nwn SYSnxD 091250 NOTIN 121,0992 3NN NPNRN DHYN
.(1996; Roose and Barthes, 2001; Hellin, 2006

MPNNN MPAIOV ,IRYN PA,0913 THNPRD NYNINN DTN DXADN NND DI YPYNn
PN MTYN P2 NN NIPIRY IN 7PN NNNI MNP NP> MYINNI 2YI0N DMININ 910 DN

NI DX NDMIDN TN NPNHN ORIPN PR 0971 Mnn [ (Hellin, 2006; Morgan, 2006)

(Altieri, 1999; Nielsen et al., 2005) 0»X5pPn MTYW2A 10NV Y107 MNOPIN

(state and transition) 7ayni axn 3.2.2

D98 NOIWNY INJPNR DTN TNN 0P L(IYIN SNOY DY NNXTIL) N NPT NYIPd
193 21 P DY ,POSPIDN STIN NIN ANV HNPHRN STIND .MIIWYNN MIAPYI DN DN
YROIOPNRN NMYIN NI DT DTN LW IOYT TOUN NNN X SPYN NPYI WIND GRIY

.(Ellison, 1960) »1n520) Ny19175 MIVAND

N2 NN NIV NAYa W8N (transition and state model) 7vaymy 2807 7D NN DK HTIN
VON DMIAYN-DXANN NOLP .DIANNN P DMY DYDY DPIYON DXANN DYYHIDN DOV NIN
1DV DMLY NPNRTINTD DO DMAPN DXIAYN .NIIWHN NIV M) IVONRN YD
,DXNPNY DYNIND TAPN NPITHN MNP TN N2 MWD TWIND NI ST (1 NADIA NNNT)
VIO P2 OOTIN DXIVWN NI TPOIPID YY NI NYOVN HHY1 DITTIA DIWPR DNV

.(Westboy et al.,1989) Tn11n2 nwITIN NPDVPITINE YPIPN

(UET) na'un'o'2Ix 'naao qo-11y 71in 3.2.3

YAV NYAN YD DY IMIN DYMY GWAN TN, NPNDIPR MIX202 MM 51177 MNaya N 1NN

1112520 D110 NYNPIYAN DY MY YAIND DNMNN DTIND .PSIMININ NN2X202 NNIVPN
NOIWDD ON DXNND IWIN 1AW DIDN NN 9PN —DIpdn e

DWMYY NN MP—MND e
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PMIAPYI NN MIRXIND MM N0 —MIINX e

DIW»Y MWaNn (duration) TwHNN APV PN oY e

T J2Y 9099 IINY 29D NPITHN YTHN NYIINND TAN D5 Y2 q0-"7Y NDID ¥ 57NN 29 Dy
NPNIN NPNY IWAN-INY PR IN TN ONY2 P NDIADY DI XY PINNNYI IV 9O
SDVPVIIND DINMN INTIN MDD WNIYS NOX DI .NNPMPN NPNTNOVN MNNININ

PYAVN NADN NN NONN O¥IIYN NN .DMNDIAD qO-729Y D) DINMP D080 NNINN DY qON
NVIYI PVNRN OYAVN ANWNY TN ONYA PTIA IRVIANN NON DXAD NN, NIIYNN 2900 NNITA
.12 PPN NTIAY TINNN TONN ,9D-7I7Y MO NIN N

,T°9N N9 PRI NOND NN DRMIN WX ,qD-97Y NNONNI NTIAYN TIPS MPIdvN NNX
9)N TIPPN 3.2 700 DIWIND DITINY 297 NXIVN MYXNNI NMDYS-DIARYNI SONd MINDI XN
THINND ONYIDN OMP NYI9N A¥ND ,OMIN NPNIAN DOINTIN YAV 37V HY NIWNN D) YOIN

.NLYA DIMIN NPIIVAN DY NNSY NNNNI D5NDN NONN DIIIYN 93 1YW NN NYI19NY

ANALYSIS OF RELATIONSHIPS: RESOURCES - ACTIVITIES
A GENERAL GUIDE

RESOURCES OF THE GEOGRAPHIC ENVIRONMENT |  piSe AFcs

MAN-MADE MAN ECONOMIC  [ecowoacas
NATURAL RESOURCES RESOURCES hscon | USERS [ ACTIVITIES | rncrions
1[2 []] ]nm][[]“ [n[1]2] Tn[1]2] [n[1]2] nl1]2] |n
= 1 .;( 1‘...<W‘.,} iEEEa
81 on Step1 T
€| ZEL ANALYSIS OF POTENTIAL ROLE OF i I | Step 5+
o| 22 IR RCES 1T 1
g1 8e mE»S’cﬁwE T HANALYSIS OF
& =fster 4 T EAREE CONFLICTS ]
w71 *‘ANALYSIS OF POTENTIAL T A
3 %g (=} -1~ CONSEQUENCES OF DEVELOPMENT -1 {1 ]
_,é.i <<1—‘11A&‘-Vd—rl‘ - AN W |
A% b L‘T.,.‘“,._,;g‘.‘ i I -
2 | 43 FpERSte S Sten 2101
& - ANALYSIS OF SENSITIVITY OF | 1 “ TTHIANALYSIS OF
" = ;;,RESOURCES HA T SIDE_EFFECTS ]
2133 EEEEENEEEEEE I 6 O 1 . U
lz»i:{1.{44,-‘»—04>"‘r~0v3“‘01‘-""“""1""" r:"1|~ﬂ—+—-—‘—

Figure 2.2  Matrix form analysis of relationships: resources and activities
[Source: Kozlowski 1986]

NPMMNITHIN NPT DARYN P2 DXON MWD NI NNV : 3.2 'ON DVIN
(Kozlowski, 1993)

DNy oy .(elementary UET) yav 79y 95 M1aya qo-157y DOMn 0Xon MoIyn inn
YAN DN DMIWIND DI0IN YININ N DN (combined UET) mnw qn mny ondw
DwIn) MavN onNuXNNY UET minm qund PHnnn Yo 7TIRY .nTay mouow »»n 95 ow»

.(Kozlowski, 1993) (3.3 ron
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i Threshold Analysis I ‘ UET Method
PHASE 0 Setting the Task e
Aims
Assumptions Scope
[ informaticn demand ]
feedback

PHASE 1 Defining the Problem |e——

| Step 1: Infomation gathering |

Step 2! Information analysed
Relationships:
Resources — Activities

‘\.."?'“/
(AT —>{%7]
Aa e |

Y
Step 3: Diagnosis feadback

Potential Environmental Threats
to resources from activities

(A1} AT
- e ry)
[F3]

Y
[ Critenia for UETs |

PHASE 2 Identifying UETs

Elamentary UET ]
L E T E2 Es [ En |
feedback

Y v v ¥

Combined UET —!

Boundary thresholds
Defining 'Seolution Spaces'

PHASE 3
Interpretation of 'boundary thrashoids' with UETs

J

Solution space Solution spaca I Solution spaca
Al Az | An

~

l PHASE 4  Interpretation

Figure 41 UET method: the process

(Kozlowski, 1993) UET nvw 59 by 9172 79NN INNNN N9 DOWIN : 3.3 /00 DOWIN
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nax-anIn 771 3.24

DY29NN DMIMP PN L1029 DY N .ODYN DIPNIN PR NIN NOND DI1NNY IN1A 10N NPHNN P
AN DY 59151 2ANTNN VOPLNIPY DNYY ANTIIN PN IR XD MDIPN VN YN DAINN

72 9NN (break-down) ©>2°9909 1PI99 T8 RN 123570 9 NN PN ININD DIdNY HINIW > T

.ccomplex) na59m NN M5 NN (build-up) y20590)

PR DY OXTIPAN 19 DY - TPYNT RN DY TIOMOVNNRND IPIDNN TIT NN 3.4 /On DXvWINa
M2WA YINA AWANNT ANV VNN DY P NNOXN - TOIY PIPIPIDYT DDA HY NPT
LDINN-NNDY PYLPNY PRN AN IV - NDIAY ,NOWN

PN DIXMPN DININD NITHN NITY2 WINHD NOIWNN NN D250 ,PRN PIV TIIONN INKY
MIVAY DINPIN ONRYI NN 913 DIVAYTN DOIPIY DINYI MDA ,D3aMWYN DI NPT PN
Y2591 Y5 PA PNMOVIN DIVIY PNINKD 2DV NPHIN MW NMIDM IND PRI NN NP
NP OPIN 992 NN DIWHNHY NITHIN NNX NYON DX 915N

™3 [ax Hnm

m RIVER BASIN MANAGEMENT

e
P09 NN Y PYPe
iy mron ) | beeaee PN

BUILDING : 3
T 5V pchimant Objuctives YO}
Al pry mhp

Identitication of catchment

management issues m omm: ’95 m
NPYAPY PO VDY o ,

Characterisation of

baseline conditions
YINIPOMN D ,

\»

A
VO VP 20 9P

DO IDONOPR Y |

Integration ¥ =
and dissemination

(e g 17 |

e IR

APON DTN HY YINN NADINI P11 TINN-NPININD DI NNV : 3.4 'ON DOVIN

MYVNINND
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n"'7'7 n'11in 3.2.5

DOINWN SY 19 I9010 HYa MINOPY HHOYD 1N NN OM0OYD YN DY NMNN NIPIVN
oo v .(Miranowski, 1984; Barbier and Bergeron, 1999; Shifarw and Holden, 2000)
NNVIAND B NVPTN DY TITA .NNDAD NN XWNA NOVNNN DY NYIDIN NPPTNI DIPOIWN
DMYP M) MOYI ANPN 0 I DPPTHN K 5y .(command-control) nooN-nTipea
NI TIONN MIPHND .PINT DWIAPT MOIPY DONVUNY IITH YIS NIINN NPNTNOV MYIT
LTI NYND HNONIVIY YHYA DIFITI HY NPTDND LYPIPA NMIT NNV 1D DIXINN NPPTA

.(Shifarw and Holden, 2000) ¥ 7% NPN2N0 DIV TNKY DIPINI MRNIN

Ay N 3.2.6
mMoan Pad (Y5 3.1 'on DXWIN) XDMP-12 D10 P2 N9OONN NYAN NVSN NIMOY DY
NNONN P20 YPIAP MOV DXV MIANYN P2 2PN WP DMP 2D MPINN IRINY ,NPYIDS
A YNN OROPNN MINY MODNNN NYAP TN XN 3.5 /00 DVWINT .NDND 5111 NP TH
DIVY»2 NP NNDN NN YNNI X POLPNY YHNY DNAY DON NN, PMTYA NPNDN NOYI

{(Ervin and Ervin, 1982) nowa 0’951

Dll-ronn Dlnjla :DIIWIN D'n1|ﬂ
31N
nivsnNNYn n'n N'R77N NXLVIMIR
N7 | N0 T AN NIY

nvNNn
Niv'vwa win'yy
Vi gy

n'Ynxn no'on

i

v n'ey, N9'NOo NI'va 7w

T

D"7570 o'mia ‘DUT'D DA
1
(12NN NoIPN/AANA Yy NINT 101 N0 |hl;r_?n”'?“‘z
[12'0 NKIY 2NN nan | R
NN 1o NN yiInn Nionn I Ve nis'no

- r —

(Ervin and Ervin, 1982) ypap 2117°v2 mvoNn NYap 7°9NN : 3.5 /0N DdOWIN

DM YPIPN DY MDY DY DOWIWNN DININD PN NN NMINID IWAN 3.5 'ON DIWINN
9T Y9 N¥DY DO TONN DININN DD DN L(DM19) DNV DN PORIPNN HY DOYON
NIPNN DY WAVNY DYPNAMNN DXIINMN 1PN YPIPN NOND NMYI NIAM IRYPNN DY NYOwnn

(Ervin and Ervin, 1982) ypip mnwn mipnova mypwn N 91no
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NDMP-I2 MINAY DOYNNHNA NHNNN YPIPN TNON NN NDND NIOWY ¥ NI MDYN
YT HY WYY DY9NNNN DNINON DDA Y DIODNI DMNMN (YPIPN NDOWY Y MIpna)
DRNN NINNY DY0IN NIONX DIMNNI MYNNNI .NIND NTI 3TN DT HY MTIAW DINNINININ
NON P25 DNYY MYPIPN INKND NN DPMIPH DXIAYIN T DY INMOY NPOINDPL P2
9N 127 MBDYN OMMIPRN DXAWVINDND DVIAPNNN OMNMI YIOWY .yTHn DY MOIPNN
YPIPN DY OINANNI DIYI JIINT GNNYND NN DN IDIVIIRD NN DINYN 1T VIDWY

(Winkleprins, 1999) o»5x»7n

nixnaiT 3.3

2 iox 3.3.1

State and 975 NLITN) WINX NNXMT HTIND 29 DY TONNIPRINN DI NPIOL DWMS NPT

(Picket et al., 1999) »mony1 VP9 2NN NN WINTNV 19 (3.2.2 PYDA HYY 1NNV transition
MYP NN DNY NIIWNHT 1D NN DINNND NI MDOYIN MY MYNNINA HND THININ
.(3.6 /01 DXWIN) NIV PINNN
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DUST

SOIL
MACROPHYTIC .
I MICROPH
PATCHES =) - A%C;’ES YTIC
REGIONAL \
SPECIES
POOL

SoIL
MOISTURE

RAINFALL

lDl{STi o soiL
2,68 11
TACROPHYTIC MICROPHYTIC
ATCHES PATCHES 3

REGIONAL 4 TOTAL
O B> SPECIES
POOL L
SOLAR AL BIOMASS
RADIATION s
2,3 4 < 3
so, 1 SURFACE |
MOISTURE RUNOFF | RAINFALL

Figure 2.3. Premanagement model of a multiflow ecological system
in the northern Negev. The model is a translation of the general
concept of multiflow ecological system (fig. 2.1) into the specific
situation of the northern Negev. The system represents the relation-
ships among five ecological flow chains: soil, patches, species, en-
ergy, and water. In (a), several critical connections among the flow
chains that control productivity (biomass) and diversity (local spe-
cies pool) are shown by thin lines running from states of the con-
trolling flow chains to the fluxes in the target flow chain. In (b), to
simplify the diagram, the critical connections are shown by num-
bers of state variables on the flux that controls the target flow chain.
For example, the numbers 4 and 11 on the species flow chain mean
that the flow is influenced by controller 4 (macrophytic patches)
and by controller 11 (soil moisture). The entire system is explained
in the text.

DAY PONND VP DX NIPRN NIIWAN NN INNNND NI OXWIN : 3.6 'ON DVWIN

DY NVNND ,INNTY AP NPVNTIN NINNNN MITIPI INND IWANR 11D NIV M TINN
02N DXIWNI YPIP NYD DININNN DPNNY DN ,NORNYA DY NAPN IYIVN S¥1 MIPN
25597 NADIN INNRY .NIWND DMNPD INRD IWINR NNT TA90 .NMIND DY NPNHNOD MDXT DY
DY2990NN YV TONIPY NNIN MYSHNI .NNAYH DAY PYNRND SONY NN NOIWNN 970N
DYMININ NMIX ONIV NI ,DXNNY NI, DNTY DININ MY NIYAYN NN MINY IWIN

(3.7 791 ©WIN) 5NN NVYI NYIN MNNA NODIM
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Figure 2.4. A system model of the Savannization Project. The bold-
bordered variables (12-15) are the novel features added to the sys-
tem (fig. 2.3b). Management adds two new variables to the patches
and the species flow chains (12 and 13) and two new controllers (14
and 15). The effects of the new features on controlling flow chains
are shown in bold numbers.

NN D112 NODIN INKY NINIIPND NIIWNN NININD NN DWWIN : 3.7 /00 DOWIN

.(Picket et al., 1999 TInn) YPIP NNV 91102 NYaWNN

m7rr-m 3.3.2

YPIPN NDOY MDY TION P2 NDANI 20 -N NINNN DY 70 -N MY T 30 -1 MIVH ONN
TN 299 P NN YPIPN NMOY INY 1IN NV NDVPADINL YION TH NNNDNO
DMNY DXAYHNNN NYIN TR MINT 29D YyaVN NN NNV PO DTN HY NOWNRNH NNNYNI
MYYY MO 1D HPMORDN NNK NPNDIPRN MIIWNN DR I1VY YWY 091D DY DI N

TPNNPRN NIIWAN 7D OINANND DY ININ KIN TIDNT-1) DY ¥DNVDAN 9NN .NNT

IPNYN NN GINRD DY NN NAIND W 719 DY, TPNIND MINN DY) DY I8N NN 1T NDaN
v 1 NNNoHN ND¥N %9 Yy (Pawson, 1987) mTavwrn nyvand »151 rDxvIinn NN TN
IOV I NIANND PN )2 DY ONINDT NNVIAN DY NPRYNN POND YPIPn NN IR DIRIN
Soil conservation and river control ) Ny Xw1a NPYPN NRWY) (1941) NIwn 02N NN SV
DY MYPIP DYTOT 4TI IPINY NWTNN MYIN YW PUNIN YR L(9sn PDF y1p act
NND T NNHNTND NNNY NI NPHTNN — YILN TH NNNONN YIND TITNN 2 W00

SCRCC - Soil Conservation and River ) mn5wnn mwa n1Tn 1941 mwn pina .mypap
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TN L, NN DY QO L(YPIP DOWI 1P 1MW) NPmIpn nenx msyi (Control Council
NYINM YPIPN TIY ,MNOPNN NN YPIP WDV DY NOOY 1IPIYL VPP IDIYH MOV
VPP MY DINOPN TN

YPIAP NDOY MHITNA TON DMWY NINNN DY DMNNVN NNV T YN O2WN NNNYH DINA
NYPTH MNIPY IR DT XY DD 19 D9 ,7TI-1) DY 10NN INNIN NPPIHN Pond

551 YPIP NIV DNDN 2I¥PN YW .NPIAPYI MTNAN  NPYOIIN (Wilks, 1993) nnnan
NN, DTN YPIP YOTHIND NPOYNY 1TNY DIDN DXIPN .NANNN MTNN NINYI DININD
NN My SCRCC 52 oMo mnn 91Dy DM D02 1M1 ,NOYNN YR
M PNX 70N SCRCC nn ,nNNInN NPOTH NNDNI MPYSN TA90 NONN NOHPNL .NPMIPHN
mons v mdNN NNYXN NN (aerial top dressing) DXanT) DXNLY WA VYT NAY NNININ

JORIPND DPIdNY 1M YPIPD NNDPY NIVNY N DY DNMN NONIY 52

Y MW NOIN-MYY DY AIYTIND NOIYM 1984 mva THYT-1a NVHYN NN Mapya
T292 DYMIPN NN NON MW NOWIND 3 MHPDNY IYTNN NIUNNN 12N WD NP YPIP
,DXPNIN DXINNA NPPYND NPTONI0 INNIP LID DY .IYPYNN YNNI D) 7192 NNNN DY)
NVMIPH DM YPIP DY DMWY ITINN NP (YPIPN YW I19IN2) MINDPNN NPN
NI NN MZWAN NIVINNY PPN INIRN MIYVLY .10 NN NINMINY THPNYVHND MYIND

DYDY MY Y9DIN DY DHYY ND PN, MMPN

MNTD DNYP TIO-1) OV NNNNY THIMIND MNT NPY NN APTHN TIPONA qON 230N
PIN PPN 1991 MY .XYN NODOPIP MYTIN NNONNY NDYNNN DININNKD DMWY N0

(VVPRN NN NI PRIV PIND IMYNWN1I YY) Resources management act -n

122010 MY DX TDN-PI YW no»T Yy nnn | (http://www.mfe.govt.nz/rma/index.php

ANWN DY NHNM MM VIOV : RNMPN-NA NDXONN MNIPY DX 1IN TIRD PIND DY TIvd
280 NN VI MYITI NP NPMPH MY . PYY NN TNYD) 0PI DAVIND NNNTY YV
MY21IN NMIIONM N KYN INPPTH YW MM DORNNIN DTN NN 191 ,M¥I1 JNOY 122207
D»NYYHRN DXNMN YPIP STPIDN IPNN NN P NOMWN NTIAY NYNN NPPPRN MIAPYR )N

.(Roche, 1997) >n5wnn mna

SNV YIVIN DY NOANN PAD THIDNT-1IA DXAWNONNN TV NDANT P 37 JPNT NINNDD TWIN
TI2Y2) MY N9 MNAN VI MAYONNN OXIONND DN LYA0N TN DINOND PANND NYN2
.92791 1902 NOPN

T'71n 3.3.3

NN IV ODIY) NN 122200 DI MY MNNINN NN 0T TINN DY NN NIPN
MON DY DMNTID DININ MNT) N2220 91N LIONP DY NNT NYIIND PNANY IVON .NNINND
A(N9HPNI MNNIN NPYIN — PN DN


http://www.mfe.govt.nz/rma/index.php
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9951 ,MINNN NPT AW ,N2X20 O DY NIYAYNI IINTIPI D90 (1970-1960) PYNIN NN
D951 NYVYNNN ON DPYNIN DIPNYN 1T YO 29 DY . APMPN NPR MTIAY DN NV
STONN NYN PNV P PN YPIPA 1YN OO¥A . INPN NYIAPY NPYPN : MY DX TIMYN

MIINN MMN NN O DN PYNNT 2PV NYNIN 595 (20 -N NNNPN DY 80 -N NNWY) NV NN
MAWNM ONTIPI 21V YYD DI TN DX INPYY DI .(DWANT MINMN) MNTHN
19NN NPYPN5 TaYMY ,TONNA MVH NPNY 1PN MIINN YT .D¥P0NN YN NN »’0NN2

PI0NON MY

POND NON 0DV TONND NNMN NN P XY 0N (20 -0 INNDND DY 90 -N MIY) HWIOWN TN
11y (chain management) MNIVIY 9710 MOYOW .ADIN-NY¥ MWW YW Hy-PHInn

PITY ANPNL VIDOYN DN MY DNYP P NI NTINIDY |, PNY DY) NXP SWHRNYN
.D»DINY DI HY YPOIY NPIVNYN MWD DNYA NN TN, NV

5915 NXIN JPNIIWNN DOONT DY WY (MNNNN2 PITY TPNOVIN NINKVD TPWUNI) SN NTH
MY O1NIAN-DMHNN I 952 Ipdya wounwm (transition management) oyayn 9
DIPYYN DOWINN BN (Sustainability) m»pPn MNIPYY XN1INND MWD I3 DY) 19 DY N8N

ON ,M2YTHN MIINDY NOWNND 1251 ,N2%20N NN DMIPIYN DNIPNYN 2D I ToN . NOYD
IOWNOIN PPY PNIY MDY NINY NPNIIN MNP 2P ,YPIPA PN Mo¥a Hd

.02 MNYPH MMZYN BN NMAIIA DI NITI DININ NVIW DY MHNVOMNIN NMNNINN DYV 12N
NPYI MNKNI PYTY, NN N0 MYTHIN NIY 50 DINIWI ,THRNN HYTI R N2 TN DIIN

.(Owens, 2007) pma N9
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AP0 NITX IIXR'N 4

Pa5) NNAN VA ,NNPY DONIN DY PN NN DX Y910 1 NTaya Ipow pLwn 0NN
3,420-5 INLYI NINN D INPNA IXRIY NPTNA HITHN NIN NYA NI PN (4.1 'On DOWIN)
PR DY OYSNHND PINN PN PNIIN N NN DD VAN YN PR DY YPLHYN PN
QIN NN DT HN DN HNIN PR TINDY 1290 200 NN YW DMOON DPRYN Iy YInwn
INLYY ,NNPY SN) TIP2 PR NN MW 1P PRY TIND (4.1 701D DOWIN) NTY NI 119NN DN
PN NOYY ,NNPY DNY TOVD DTN NOONN DD DI PN DN NIN NVIAN YN .9"0IPp 770-D
GMYN DNLVY DY DIPINKN OXINN 120 YN PR IPDY DIHHI) DIVTH .A7NIP 86-I19W NPMIN
TN VMNP 5,328-5 XN - 9730 DIPIIN MIND 270N — IPON NVY Y51 T2 . VMIPP 1,083-5
,NINRN YPIPN SWIIWY GO Y20 MDY DN DN YN YNVY 0N 170 3,161-5 1T NLY
(VPP YWY PIS-NN TYNRNA VYDA NI MROPNT YPIP SWIDY D) 1PN NLYI DINN)

YINY 270 ©XTYPNN DNINT DNVW G 1IVTH

9M) TN YAV MNNYI NHPY PIND 29 NN MPTION NN MYINI 12172 D2 NHPY DM
PO NI L(PMMPRY NOYONL) DINNN M1 NIYYND »NNPY” NYTNN DYON DR NNpY
: DYNIN NN NINHNY N NYIA-NNPY 2NN NDIINY AR-NMIOM G170

SN MNP DIPPYWD AN NMON (2002 %) PION INY JOVYP /N .V HMD AN-TDON -
DINX) NYIAN HNY M DIPIYD NN .NYWIAN

-119)01 .(2002) (DY 2)ONNY DXYIITN) PN /91 21NN /K .YIY IN DN AN-NMON -
YW IN2 NI MDA DIPIYO RN

3511 .(2005) N 72 "N 4371474 DUHN DNPY ANIND TPPON TPIND INNNY AN NNION -
DY ONN

.(42/4 0 TPPON TOPIIND IRNM N2ION) 2NN NN TN NN PN TITIN-NON - -

: 90N DMPDY NIODN NN ,TOY qoMa

INYIND NOTIN PN .(2005) ¥IIT THINMIN NSINT MIND AN-N’ION — VIO Han mMIdN

vIOD NINN

=991 PN NNPY IN) — RZYT DN .(2004) 117 PO, OII0 PN IHPY SN -
DTN VAN 91,420 2AIRWN S NIV MNdI 1Po

SY NI MM — 21D AP0 — NYYT 9N .(2002) PHN WX .90 PO — 20D N -
DY 9N Y0 XIRYN

— R7YT 1IN .(2006) ,DTND DY 9N ,¥20 5IRWA YV 19N MNP0 — P ban -
RARRISSRVAPRLRAIR) ) a W bALv LY

NN — DOMMIVTN DMDNIN — NYYT 1910 .(2001) 1PN DN .OMNITN DM -
G YAV XY HY TPNVYRI NPPOY YPIP WIDOY

IPONY PPN IPON MINT NYIND) YAV 2ARYN DY DN NNON NINNY M) NOR NMONI
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D"ITX [I'OXI 2TIAYN Ni7aa 4.1

DONNNIN NVIANY NV ,NNPY HIPNN INN M) : YKIN YITNN IPON DY OPAINNIT MDD

APON MIMN MIAN ,IPON MPYaN POND /N 292 . NWIA-NNPY YPIP MDY mMyy DINN2

2 NIN D5 DY NV MIN TYNNL IWARD TN DY MNP VIZYD MND DN 19N INRDY ,DVN

YPIPN NOYH DMVLIMDIN DXVND 1D ORNIND DIVIN PINIANND 19

(4.4 ,4.3 ,4.2 "ON DMPWYIN NNI) PPNY INID DNPDI DNLYN PPN

MNS NOY IN M NOVVY 'K NPO

0 9NN D12 P 9D NATHN ONIN NAIP ONIN NP2 RXYMN NLVY /2 IO
5NN N2IP IR ,OMN YOPY DIV NNION NHMP NI DX .DIDI NN ITINY
PN MY NPMIN 29 DY NYTIN

- NVIVVLON ANNN ALY D NVPD

(TPIVAN TN NYNIN YPIP Y MY M) UN INLY

(M523 YPIP MY MY MYI) (8 N7NHN) YaL MY

(3 NN *39) 592 MO BT

SY DN YNNI YN .22 X7NHN 13D YITNN DINVYN DNV DHYIV YN 1Y
My Y Noann M) SpPp YT DY DYNIND DM YAV NNNPY MY O
(VPP 2mov

INOPN NLY

1YY DTYPHRN DINVLY D) H9I1DN NN NLY

(1)
(2)
(3)
(@)

(5
(6)

@)

O

1997 ,N0ANN YPIP MDY MY DY MDY DNAY DXNLY ITTHN YNVIVLDN A¥NN DDA DY
N5 NON DXNLYA PIDYY N 1T NTIAY2

NN NPNAY INK DIVVD VP DM NN NPT YYYa DXNVLY ,DXNVLYN NPD DY 1YW D1

NN 5Y YPIPN NDY NN NYIWN NN POPNY 3T ,YPIP NV OYNHIN
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n'7x 4.2

DT NN DYPR HYA N P PONI ONN-D DOYPR P2 I2YH NN DINKD) IPON NV
500,901 MIN 171D 400 NNV NIN DOYPWNN MY .NNNND NN DIIPNRY THY IPON MNX 2N
NNY IPON MIND (4.5 DN DIWIN) TP NTYI DDYN TN 171D 100—-) 172N I NN N7)
(1998 [ 77191) INW WTINA NI DWIN NNY XYW .XIND YTIND 920210 wHin P2 NN 0N
955 — NN (1) : DMIPOY DIHDN) TWVIZYD NP DXPWNN Y1IY NNNYN YW DT PN VINITI)
DYWY D35 — (NOINNIX IYAYN) MIAINNVA MDY (2) ; DOYPWNI NTIPN NI TD DI THVY
NPIY XIND (PDIPTI) YN PPN XN PN NP MINWN (3) ; DOYPWNI NMIY N1 15 N3
NI5% NNNANY DINROANDY TN SNYWI YNIN DY DN INNRY DOYIND ,PNRN OWN 199 )P0 YA
NNV NN TPINONIVIAN IVTRNNN (1998 ,THOITON) YIW INID N NMIP P2 DYPWH MnNda

;19°C Non T mMVN NYNIINN NIVIVNLN (1998 TN VA D 2,600 —1,800

.10°C NN 99In2 NYNMNND N7IVI9NL; 26°C NN PP NYSIINT NNVIVNPVN

MIND DVLNIYN DMV DIANN

MDIYN IPOYA MY JaPnn NNYA : DOXDINV NN )N IPON NN MYNINNN DWIN MAND
NPV MIIWNN T NPNPN-0> PNN I MIIWH MY §NIN) NS O1ITH YNPHY

N (cloud burst) ¥ NLPA 27 99 HY YNIPHRY PPN NN MY MDY D) MNP NMIPIYN
ON DYVNPD OXANN DY IXP IPIN PPN (1998 771N YOPNINP NLN-IIPINA

NI YN DOIIN DYPY 12YNI NYP 9 7171 ,0°107) DOYPWNDY DIV 9N PVMNPD I8N
NI PDM9P MIN .PDMIAP YPYI NIND YPY N YPY NN PIND ¥ DOYPYN P2 .NPNN DN
,POM9P YPYW (1998 [ 7TON) DRI DY DIWAVUNN DOVIMDPINN DMININRD P2 TN XNINN
,D213% 1901 DYHN TYN .DWIZ DN DXNVY NDON Y95 T2 ,299N-)98N IPO¥2 NPIND YHNN
VINT NWY 122 DOYPWNN MY TN (1979 ,17W) NYWH N1 10 TY 2170, 10N> M) PINNY

19102 9N NN 40-5

1 NN 95D 7772 (1994 ,19%) ND DY PIONR MHVNPDN NN NN NIV 13YNN NI
NIY PPDY DTN LYANND ND D> AN DO¥9 NT PXARYI P NIX ,DNDYIY DN PN
D»LNYD DYaxNa Nwwa (Krichak et al., 1997) »a02101 P90 DY NNYP IMNTPNM
(3) ; DPIN DIRIVTINN DRIV (2) ;79570 NPRKR MNT YO NO D> PPANYI (1) : D TNPNH
DONY DXNNANMY NN NDNI MDX-INY THIND NIDIN NN NN PRYNN NO D PPNV
,PYNOMIPN SN W NPDVPANP MNDY (1994 ,173) NPDVPIANP MND DN TWN DONNIY
N2 L (NYWAD7HD 100 TY DMYSTY ,NYUAR”H 30-1D IN) TIND NN MNXIY SYa DWI MININ I
,TTON TINA L1978 ,5NMP) YLPANP DWI XN OWIN TON 43.9% 20PN YN yav
MND 595 T2 .9"0P NN DYIN NN DTN .MYY 19010 TYNI YVPINP OV K9 7171 (1998
,PTID) MYNINN JATI MPIN NN APY TPON NIND .H7H 20 DY N9 NN MHINNDN DIYPWNRN

NP MYIT YPIP-9N0 NPYIY NN NPDOPIANG MND (NNNX MDD 10N
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amarin 4.3

VIMOYT %) YYD IPdva (Sedimentary rocks) ypwn syoo DN D»IPIYN DWIDN IPON MNI
,PNIAN DI DY DPNPOPIVIND THOY IPON IMN DY SNINN PONN (4.6 'ON DXWIN) ININI
OPD MOIN DY 19NPION NPNY THVW APON NN DY O2YN-D1VTH PONM 229v0N PoNn
DOWPWYNN MY .OMIINN DOWPWN 1AV ,¥aV INI DY ODY Pry NN ApoN DY 10N ponm
P25 SO0N PRYN P2 DODXTIN 997D YUY MIND 2N .OXTNN DXIVNT TY WIN DOIINND
MYPIP MNNONNY DX0AN DN DMINOINRM DOIINND DOYPYNN . NHNN WM DY mMiNn
35%—25% ,NIMP 50—40% : NI DMOIINND DOYPWNN DY SDIVN MNDIPNN 22NN IR

.DPOIN 10%-3Y VIMINT 15%—10% ,VI8OP
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Ny NreMArT'S nimn' 4.4

NPWNN (4.7 'ON DXWIN) NPSVVDI NN NN MYNNNI PAAND IWAR IPON INK NN
DN-Y90 TR (D719 NIN WX QPIN NYI) TOMNMIN 91 NN DY NDDIAND NPV MITNY
TOIN NI YPIAP DNV DTN DMND DYT TENNIPRY THINNNDINI HINNINM
9915, 900 1P TY PN NN, DNV MTN DY 217 1901 D910 APDN IIN .INYT NNNPN
LANN 29N MPINY NPV 207 NINI DMOON DIPHYN

INNONN NXNHNY NYNNY NINY DYPN HY DOININA DIONININY DPIIRN , DM YPWwn >¥Ho 913 by
1O NIVY MMITI L0071 DINNA NN NPOD MYPIP ,0ONI00N ,000I10%0 MypPIp
.(4.8 'O ©VYIN)

EDOM
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| 330 adt A
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7733 nnann .(Dan et al., 1981) Hx1v» 1590-D171T IY NPT MTN? : 4.7 /ON DIVWIN
PO DY MN — 3C ; NWHs — 3b ; PIv — 33 ;1YW — 3 :INONN IPOY D1VIMNYIN DINKN N2
;207N N — 555N NYT — 4b ; 05N 0190 — 42 ;20N 27N HY O1KIN DIANBN — 4 ;AN
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DYNIN NNYA NI (DPION NPY) ANNANN POIN IPIP OPOPON PIY DOV
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nNSTY YPIPN PPN Yv Mo (1) :(Zaady et al.,, 1997) Domman NWISY MysnNnNa NP
SY VNN (3) ;YPAPY wIIN (DDOXN) 22T I YPIAPN dPOPYN DY NNdaD (2) ; MoINON
TPOINITIN MDD AN DTN I NAOY .NPVIND NPYININ T DY 330N I9IN YPIPN dPOPoN
1) DY NIN 2% D1IP NP YPIPN M9 Dy PRYNY N2 1T NAOY TN TN .YPIPN M3 DY

(1999 >TYS) NIADINVLNN 1727 N2 T YPIPN 19
09157 ,0"9% DXNNXA DIDIIN DINRY ,DINWYNT DX IMNN NN NOIN MNOPIAN 1PN HOd 7172
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DOYNN DNY DIVHD ,YPIPN 1IXND DNNN DNDIPN ,YPIPN 19 HYN DXOLIAN (NPTINY DXANY)
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MN DY) NT DINN .ONT P NYIVI HY NV I DY YINYN NVA-NNPY NP MY DINN
1991 NN L,DMNTIN NN T : NHPY IN) DY DMMYN DN LI NLIAX ,NHPY NV DYNIN
90) WY LYPA OV 7)), D10, ¥aY AN PR ,NIAN NI DN DY DMV DN
YON) DN IPON NVLYWA DOMNIN 93 .4.13 /DN DIWINI DHXIN DNV NP NN ,DNOYNIN D¥ONIN
5¢ NPIVNITN NMINN MO NON NP NN DINN .TAY2 TNOVY NPT 9N OHYA 23ON
-NNRPY NMIPN MY SYI 202 1PIN-12 NOIOIDNN,GNDN IPND MINNN DY ONDNITIN MDY
NPNNN DTN NMINIT NN YW MMPNN NXPNAY,DNY NMTVY 7125 DD MNNNNN PON .IVA

PTHD IOPNY NNTPN

NINID TN

VTN OND YTIN YINX TY T2HVI0 YTIN NOHD MYNIND NYIA-NNPY NPNN PRI MDD
, NV DN PRI APINIT NYAIN DV YNINNN TYIND .9NNN PYTINT NDN NPINY DY INY N2
NOW NP0 YHya DOWPN 995 7972 .(Ben-Zvi & Shentsis, 2001) 9x> win y3nXA 0N
PNDN OYTIND IPOYA MYNINND MM MNXIY MY DY MND MIAPY 0N MNT
14 (1994 2% J2) ©XXIW) "MYYTH?D FITNIY NPT 52 TINN (4.2 DN NY2V) 1IN DINY
YTIN NI MNTY DPIRY DY 1123 9900 WNINN 1Y NYN YTIND .I308T WTINa WwnInn
NPNY YPIP Y T DWIN,MYNINND MYITI NMIRIYI DRTPIN N PND SWTIND .IN0PIN
S¥2 DI NT NN .ANY MDITY YPIPN-GND NPYA ,NTY YT IN TPMIV-TN NMNNNI MINN
NANPNA IPON MMNI .IPHNY MO MINN YPIPNIYI ;1IN SUTINT DX TV NIT MNNY
AN NVYN DTN INND PIIY DR MNAVIV DWIN MIND 1IN

DIV OVWTIN %Y 1WA 5N PRI MNTHN” NMIND MYNIND YTYIN : 4.2 'ONn NIV
ONIIYTDD MPYN)

Channel @ site events Oct Nowv Dec Jan Feb Mar April
Besor @ Nizana Rd 92 3 3 1 1 2 1
Beer Sheva @ Zarnuk 105 1 1 2 1
Beer Sheva @ Beer
Sheva 105 1 2 1
Beka (@ Beer Sheva 239 1 1 4 3 1 1
Beer Sheva @
Hazerim 137 2 2 1 1
Besor @ Reem 120 1 3 1 1 1 1
Gerar @ Reem 189 4 1 1 1

’ 7

o
e

total 987 8 7

=
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DYN DN NT DIN MIAPYA .NTTHN DNINN IR NONM P NN NN DN NIINRY
IUN TIOMOPNN NPPADI MINID NN MMNMYP NPNDIADN MDON .0RNYD PI IWIRY DI
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NDO SORNPYP THD YIN MNID 2) XY DY NN NNONN OTIDNX IPY NN TN ONOVP
DN PRN NLY Y KW NI .1IPNT PN DY INLY 2D ) DNNN NVYN P2 DA XD NADN
Y AWNIY SNIN S TR YOPA 1IN NNOIT MIYY DMDN NPNIY 0 NN DN
5N3 SV NN TN DNDPINNT DM MNIND (2005 ,217TIOION) INN DN YOPI NMAY NIRY
YD PN IMYNYNI ,OIT PNOY 9N DY MITIPIN DY .NPINID NOVD MPIAD NX DIPLPN N1
NN 7P 100-3 DY NLYA HIPNIN NN IR MIPIND ANNNL NTTIIY NPHOPNN NPPIDN

APMY/PrI 240 Y 20 P2) 2N N NYYA
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22 NWA HNY HY ©Y9313 NAIIN NPXADN NYXINND DN NPYAD 12 WP :4.14 /DN DOWIN
(2005 ,297TIDION) PN NVLY

NN .NIMTR MTIPI — NN NPXADN ; MIIND MITIPI — NYXINKN DN NPPAD : XKIPN
NOVYY D9 P73 9910 TTNNN 9NN IZNY L9707 3,000 TY DXNOY MIPIND NNNN 910 YOPIIN
0P 300-0 YOPN NP PR

DWW 10 PN
YY) MV YNIINN DOYIPRN 90N IR NNYND IWAR MINN OWI-1)) ON> DY Tndo »1o
Y2 N PR DTN MND NON AT DAY IR .(4.15 /DN DIWIN) YINNN DVPYHNN
YA M OYIPN 4—2 DAY YA N7 150-D MND DY DY) 721y Y2 DINYNN DN .DWPYN
MOXY IWAN MV 171 350 TY DY) 12V XYY NXNND DIANY DX NIN DITPIND DINNRD) YNNI

MY MOYIPNR NIV
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IN3 PNA TP OINN-NND YXWIIN DYAN Y2 PIAT MY IMNID VTN 2 IWPN :4.15 /00 DVIN
.(2005 ,2791D5ON) w2

2700 NITRA 7N qno Npion 4.6

DYMM NPT DWIN MMD ,\OP STV DYPYNT P2y NINNY DINNY DNNY D3NN
DYMAINNY MNAVIY NN THPON NN NHRNIYI DY MND ,00IN .Y MN? 1171 DIV
NM2) MNIYY MTITIN MYPIPN ,NMINN VIV .GND DY NI NYON) 12NN PPN IV
DYNNNN NONX DI NINW NHPNDY MPIN MNIT OXTTIVH DNVN YO YNLVYN DY MO
DINN VMY IPNH MTIAY DY D>PSPNN NN (2009 ,11P03) NP MM NPNN GND MPIdn2

27 NADI NINNY YN IPON

NNNNY DXNPNNY OXNPNY DI NMIND WY OIPNN DY MNNIN MNDN 4.16 'ON OXWINI

WY MTIAYN 21T .9N NI DOV DYV DINNIN DI PNY 4.5-1 4.4 /DN NINDIVI .HNIVAI

Laronne et al., ) 91> 500 N 53,5 5Nia .09H10 NNIT I3 YWY DT VYN P DINNA

.(4.5-1 4.4 MINDAVA NNI) NHN MVLIY >NV Y 21DPWH DN Wapnn (2003

TOPON N20 A% 1IPAIN PR NOLYYI NTIV NI DN NN D) NYDIDN IR GNON NPIAN
DYIINNDD) NANNN VYA YPIY GND TNV .PRN NOYIA MY DTN TOHINN NONIWN 19T XN 70
N DPIdN NOLY NTYY NN NPIvNA NP INY NN NINK N0 .TNID WHIN RO TIT2

STV IMONN STDN APY TN MVP
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NPIN PN NVY DY DINPNTI NYXINND NPTV GND NPIN : 4.16 'ON DIWIN

(Schwartz and Greenbaum, 2008 .4.4-) 4.3 MINY2V2 DXNMN VIVI)

QNN NPIAN TY DIINNININ DN NYOYN
APRY TINOPN MY MYDI5 NYN MDD DTN OWYN APy NONDN NINY M2 MDD MN»P

NMLWYANN PON NP PNY (2005 ,1T0Y) NID) 1IN DNIN NI NI MDY YPIP NINYN
INRIYY TNPNA NPLINYIVY

N NN NI

YNN NPY - 0YIIN 719D DY NMIYD YT HNIYIY DY 2ANIA YY) DIDNIN DY DMNRND NHPN
MIN YW O1YN DOPONI APV ,MNAVY 29N NNN L,(TIINN YT DY MINNN) NIVPININTN
AP O) IR L(INI9 AWN JOPN YNORD TIN NINN DN Y52 By DNRNND L, INNTI) INPIIN
DN DMNND ,NNPY N2 DOOYON DY PHN DIDYN DNI DY NNN,NINNTY , INPINN PN N3IND
SN) YY DNND ,MNN J2D DM NPINY M NOOND TYPHNN 120 DNI IND) MNIDWY M) DY
(Mva

N NYOWN NN PANY YT (2009 ,PTIOM NPY) HNI-GND NN MK N DX N YNNI
INPOINN PR DY DMDOYN DOPIN DIIPIND DMNINN P2 PNIAND ¥ YN GND NONN HY MPNIN
PN NKIN DN INY P DIPIINN DXNNRD AT (NINY I NN ,NNNTI) GNON MNPHNY P
NN DOWAYN ON : DVINOY NND NINPIIN PR DY 998N PINA DMNIPINN DXNNND .INPIN
DINNN DY PTNND DX D PPYND DX TWIN DN DMNNIN NIV 2D DX, NN DDID
Vericat ; 1992 ,np5 .9P0N IR KY¥NIN NITNNN DYDY NHPY NN/ TVTNNN SYan ,nnnTd)
PPANN YV TPNIGNNN YY NYOVN WY NN 9NN YY mpann nypwny .(and Batalla, 2006
,N9N D L NNND TN DN Y NP NNIIN W DX NI NNMP DNAY 0NN . TIIN2
SY YIPN LTNINI MNNNNY o oM ,(Kondolf, 1997) »oayy 0w 09150 ,q9no I90)
SV DOXNONI DIWNWH DXNRNDN ,TI IY G0N PN MITHDI YPIPA RN TN YOINN G0N
SN HY NV 991D MM 11 PPN DN MPNDNN GHDN NMNIY TID DI TNNID NI
TPNNGNN MNPY D) YNINDY ,GNDA TOYPIPN MM DY 19191 NYOIN NYIAPNN N A8 WO
DOV NI ONPNI GNDN NPIAN DY NYAUN N9 WY NMNWNI SN TPIVN NPYY : TNV PPIND

.(Vericat et al., 2006 ) onn¥ya
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GNON D TN 29D NNNY YINN GNON YO0 NTIOYH DN NN TN DNIPINNN DINND
PYNI MIND GNDA YIDOIYO MNP WY DY NN 8% .MTINNN MOV NPYIVI Y
IPPY VNN YD NPN NPTHRNND DSPN NXOOY DIVN TIND NOSH o (1995 ;1991 11d)
GPN 9303 PANS NMHO XD O1NI) ,NIND TN VYN PN DT PN INDNNN GN DY .OPY

DTMND GHDA VIDIYW NUY 12V NN

I PIP NOIYN DM

=29 7NRY 9ITHY DN YWY DNPIN |, 00 Y 7PAYAY MITYPR I OPSP MDIYN 203
MOPM DY NI NDXAN YPIP NNDY GNDN NYONT MM OINA NIN INIY NPIHD 1PV
AIPNN NIYNT YIDN GNON NPIND MLPNY IWHD> TPNLYHN NN NN NP PRI
DXMWN NN TN YPEP NIWNY 792NN (YW INT IN) PN) N9 PR-NNI IWIY IPNNIN
NMIYY MV VPNV 133 :NOY NN GNDN NPIAN NN TPENNL NPVPN DI OIPNITH
STIYT 7PN APV YPIPN WIDYW DINND MW D900 IRV Y0 PN MV VIP/NO 268

.(2008 ;)P ; Laronne et al, 2007) 01172 577 Yy MIDIVIN 1Y

Ny»
4.3 /DN 19203 .9ND-N YY MYOWN 190N ¥ NYON PHNNY DINNY DINNIY DONY DIMNNI
JOIND .Y INNY NY 29D NP NN MNDN-D> DIYPRI WY DIPNN 1900 DIININN
MLPN DX MXORD NNKY DX POPH 7O ,DUX-IN DN AN PLPH NY» PNV

mynwnn .1y o ponn ST (fill) N5y Sran menwn ,yomn AIND NYPYNS N NN
NN DYNYHD NP 9D RYM TIY .NDITN TN PHNIN NIIWNAD GHD PADN PN 1IN 2D NdN
AN DY (MINNNN) MNIND DX P (MMNNND NDDN PNITHN D) TONND MHIND
P9 705NN NN I DN PI W 9D A% PR A nwyaw pnnn L(Keesstra, 2006)
Laronne et) n1nw) ¥papim I8 XY GND 0) TN TV .11 MNANDN YA 09T DIYIPNA

.al, 2005

Y

Y30 TVPADY MNXIN NN RO NOTHIND OIND NWY ,NDT) NPRY Py D) N DLW NP
IN DMV TN DXXY MINNNNY DY D91 NON DMDONN .NININ TYN 119N
I8N NXNND NNY NIND XIIN DN L) D .MV PR NIND MYMND DIVP DXV
Sy DNYAYN 1997 ,(2006 ,9P9INY) N2 NPN DOIN) TN DINIVD MINNNN D 97201 ,39 N
7132 515V KON, NV NPNX DMNA OINNX TN DX HY ININ NITHN 5P Gho NN
bl
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location of the
study

activity

result of the activity

bibliography

Southern France

Reforestation of valley
plants

Decrease in flood height and
frequency, stream narrowing and
gravel deposition

Liebault & Piegay,
2001, 2005

Forest hydrology

Runoff only during catastrophic
events

Ramabal , 1994

Reforestation of

NW Spain eroded catchment Sediment delivery ceased Gonzalez et al., 1997
Increased infiltration, interception |Garcia-Ruiz et al.,
Reforestation and ET, but decrease of runoff 1995, 1997
Forest — unforested ET increases from 400 mm to 591 |Joffre and Rambal
area mm in pine forest (1993)
Van Pompaey et al.,
Italy reforestation Decrease in sediment delivery 2005
Reduction in annual and
dry—weather flows, Narrowing, Globenik, 1998.....
Slovenia Natural reforestation  |decrease (50%) of hillslope erosion |2001

Natural reforestation

Peak, mean, minimum discharges
dropped to 53% of prior levels

Natural reforestation

Decrease in hillslope erosion;
increase in bank and riverbed
erosion

Keesstra, 2006 PhD
thesis

Increased infiltration rate and

Mediterranean Plots experiments decreased runoff Lavee and Poesen, 1991

RELEILYE)
Asner et al., ,nH)79) 90 NI NHYID DIVINOY PIY MYPIP NOND P PIN WP DO
NI PIDINN DO PRI DTN DINPIA 91PN 0 MDIIPN LINYTI TNND TN IpNna (2004
PYTN RN,V 0IPYY ,YPIPN OYIDOY P INDINMINIT-ONINITNN T0WNN P WP D
ma>o wv .(Cerda, 1998) 05PN 0WH P25 DPNNDNMININ DIIIONNN P2 WP TURD NP
NYOWVN (2) ; NMX NIDN (1) : YPIPN YW NPNOND NMHYYY 9N IINPAY NN IMYINY T2
NNNSN (4) ; YPIPN SW NPINITNIN MMNDN Y NYAVN (3) ; DWIN ML MDNT YPIPn 15N
Chenu et al., ) ypapn >1o5n nwonm (Savadogo et al., 2007) ypapa »31Nn 9mnn N915na
Y PN TV YPIPN 29 HY TPLINITNN NIDHIN NTD DN NNNAN NS ¥NY (5) (2000
VYYIAND DVIVON NN NPVPN NYIN MNN2 NIIT (6) ; (Savadogo et al., 2007) NN >y T

9PON VYA NMINKRY T ApnNna .(Nash et al., 2003) 7730 YPXDY N MPNN DX DoY)
(2008 >97v) DN I¥2 NIIT DY MDD MYAYT IND) P> Y Y OXTTHI NNHNY TINDa
DY DY NN NOND DIIVWIN N8N NN ,NVWN 9 DIADN DY NYAYN NISIIN ,NHDNTY
OTPNR NP 0NN IYON OMIATN YDV YPIPN DNINRD MNNHN DIPINY PITHN TINRD
195 .AYDDIVIN YT NNN DIRININ DINVWA DY ,NITHNN YPIPN NOND AXP DT N
DYMINY MIN DX DOYNIAN DXIIIX MIXNN ,NLYN M9 DIVONA MMDYD NKIN NIPIAN MY LD

NN AR DN



87

AN DXNONS NP NN dNIY-2T YSINHDI WX INIOPN 9ND NN : 4.4 /DN NP2V

(Schwartz and Greenbaum, 2008) nbnn 0’31y Naya

PN PN OV PRNLVY  DYPYN I  qQRODNPIdN  GND NP1 MNPn
NPIN 29 y8n TOWNIN nmv
v ﬂ"JND’UPD nyxmnn
Event and mean annual sediment yield in various basins in the semiarid, arid, and hyperand Negev and Dead Sea regions
Name of basin Drainage Mean annual Maximum event  Mean annual Source of data
area rainfall sediment vield  sediment vield
(km?®) (mm vr) (ton km™) (ton km™ yr)

Giva't Hayil 0.17 100 1230% Present study

Be'er Sheva Leeman South (.23 210 377 Laronne, 1939

Yael 05 25 87a* 150* Schick and Lekach, 1993;
Grodek, 2002

Be'er Sheva Leeman North 2.9 220 250 Laronne, 1939

Ruhama 42 350 153 (76%%) Sevdell, 1908

Hatzera 73 g0 1600 120 Greenbaum and Lekach, 1997

Showval 15 325 200 Negev, 1969; Inbar, 1992

Lahaw 17 350 1054 1460 Lekach and Greenbaum, 1997

Yatir 13 250 530 Laronne, 1991

Boker 35 95 46 Shanan, 2000

Haroeh 43 Q5 T0 Shanan, 2000

Grar 54 300 310 Negev, 1969; Inbar, 1992

Rahaf 78 50-100 179 Laronne and Cohen, 1992

Adorayim 86 350 165 Negev, 1969; Inbaz, 1992

Hanon 100 350 33 Givati, 2000

Eshtemoa 112 220-350 1310 472 Powell et al., 1996

Heimar 360 50-110 164 Laronne and Cohen, 1999

Shilkma 740 390 160 Taig, 1996

Neqarot 084 40-100 350 72 Laronne and Wilhelm, 2001

Hiyyon 1118 30-30 035 43 Laronne and Wilhelm, 2001

Zin 1400 50-100 103 Taig, 1996

* Extrapolated to drainage area of 1 km® **Reduced grazing (1963-1996).
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-0 DXIMN IS ,NNNNY DINNN BXNPNY OININRD ININND IFIWIV DIPNHNN BINN) : 4.5 'ON NIV

(2009 , 103 NPY) KNI D»NIDN

Reference NPN PN PN NLY NYDOWINY  9ND NAPN NN mIyn
PN NP (nn) MY noYM
mp ("opmv) (%)
Schick, 1977; 9y 5M) 31 100 - 130 60 -83 from 1967
Schick  and including 5
Lekach, 1993 drought years
Laronne and mIPIoM 1256 50 - 100 72 17-63 DXNNDHD DONM
Wilhelm, N oM 984 57 16-31
2001
1989 .19, MDD 0.23 210 377
MY P> 2.94 235 259
Fischhendler, N2y oM 160 500-600 114 ONPY PN
etal., 2003 VM SN 0.6 20 NN
,DINIPIN NPD 2D NN 17 350 — 570 - 620 bulk density 1.6
1997 723 5Mm YN, ton/m®
(M0pY 5n) 200 - 500 (Laronne, 1990)
1989 > T Y220 1.35 19 events inl
winter SS/DS
ranges 0.7 — 31
Seydell, 1998 nnmA 4.2 380 153 myI
350 77 MP 90 MDY
nan
1991 , Y 1 5Ny 13 249 530 5-8
1979 nNIPY N 785 350 80 bulk density -
1.6 ton/m®
data for 18
years
1995 "> NPV 5N 785 350 60 bulk density -
1.6 tm®
data for 35
years
Cohen  and NI oM 80 80 150 stream
Laronne, measurements
2005
2003 )00, oM 520 520 28 stream
IUON 1100 520 45 measurements
NP 5N TIm

[2kaln
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yp 'winw 4.7

VAW IND 1D MPINY DY NYIDY DNV S9ON NN NNMP APON NN NYIAPH MIAYIANN
NS9O ,NNMON MINIPN NNPPNN ONIYN YD TNINRD MIAYONNN T8I .NODIDY NN ,NIPYN
NYTNNN DY 0150 N2 ,000 NOIND MINI NI ,0ONNY DOV MNITHN DY MUV
LV9YN IPONT IMAIN I NON TPNNDN MINIPN .NMYPIP N IPYN D00 NN TNND
YN MDIV N2 NIRVIAND N MDY HINPYITN IPOND DY D IPON IMN DY ,INY MINN
PONVIN NN DN DY NYURT ITON DIXIYI NPNIAN MOV .ANIAN DITHD DIIINNNN
.23 NADY L, PPNY) NPONIVIN NIIWND QONNNN GNDN NN TIND NN NN MPLPN (2 NODIA
T, TONTIN MNOPN .0 NOND YAXP KN MYPIPN DY MW 1Y PINN (2 /0N IPD M7
MavnNNn X9 Y95 7972 ,YPIP DY DY DTN DM MYSNNI WYY ,1dPNNDN NMINYPND

YPIPN OMIP AR ONN L, TOYIV IONNY MDD MNNIND YNN YPIPN TIDY .YPIpn vl
MNNINND YPIPN DY 1N NNDD DD NON DI .NNNND MNNANND OINN NTNN NN DT
N gNY NNINA DYDY ININM MINTITHN DY NIP1n dnva vyd L(gullies) onn ooxy

VPPN NN MIONN NN NN

DINNA FONIPNN MDY VI .(4.17 'DN DIWIN) NINRIPNN MIPYAY QDN IPON MN MMINNI
NP ONNK NV NN DIPPR MDY HW MIPIYN NIV D7PP ) RO (oY ,4.7.1 YD1 1PON
MM P2 TPEPIVINAYI ,MININ NOWN DY YAUNT TWAN 1T NYM MYSANID DIWI TWNI ITON
A0 MARWN DY NNMP-I2 DINND NRNM OIN NN NIdYN OMYION DIONNN PIAY DTN
YUNI 2IXNY NPOTIN MWL ,OPRIPNN DXNLYN D122 ) MH PN INLVIANND N MY

.(2003 ;W) DXYNS MNTTH Y91, MINTTH TPYIVN NNNKT NDID NYTIM MYVI ,DINIYN

VAW AN Y0 DY .D2AWINTY DINIDPI 0P MIOIN IPON MK 7NN NPDITNND 2
LDPONY NVTY , MM

D29 NIV MIDN DIIMP KO DXNWHNN PHNA DN TY .NA0 NPYL VYN KD YW IPON MNA
SMIN PP DXVVWANN DY NYA THPNA NIXR DTN DM NP0 N7I22 DN 217N M)
PR NXIM Y ) MYNNRNI HNIN PNID qOWI DITYNNI INNNND MINN IDIN INMN DRI

DY qOoN

2700 DINNA N'X7Pnn Ni'yon 4.7.1

MNN TN NINIPNN MIIVD
MND NLYA Yyaa NTY I979)

VN N
1IN Y9ID) TIYA DNT 500,000 NIN DITIIWNN DIXNLWN DTN PIAPOYN DITHIN RN NVINN DY)
DPMIYN DYIN NN DNON DINDY OIDYTIN 29PN .ONTIN
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,PIVP MY MY ,NVN TIYNRT Y : XIN ODYTIN NTNN 2YaN0 PYNNIG DPNIND OIIINI

5¥1 10 19N DTN DWIN NN .NI-17D IN DY DINOPVIAN TP MY ,NVON THWIOY MY
MYSNNI MYYI D1 TIYN MWD 27 TN ,YI1AP 1PN TIDYN T0WN OMIVY-17 Y8INHN1 N0 320
MY DIPOYTN MY .DIPDYT MYNNN WY MW 217 1Y 12YNN NNV NNT ,NVDVNP
YPIPN GND NN 2N DN NVIIPY WIINY DIP I MINH IWNR PN YPIP

.DNY 7—4-1 DY YY) NNWN IN YIIN : PIY TIDY

PN SNV NN PITAY ¥ P9 10N DDITY YPIP MW D) OIMAND YN OMIMNN
TOARD : 0D MY MYNNNL T MNXI TAX ITIN) YPIPN MY AT DWIN MND P 2OWNN
(D199 XYN T2 MW YR NN T DOX NVIVI

IN DNYY IN NN TI INN,NOXN DIV : KIN DIITNIN NTNN 2¥aN PYHNNI DPNNT DININA

.10V DY T INNI NI-17D
T NINDY PMIVY-17 YNINN 171D 300-1 MYIN DY) NN DIMAINN NYN DININ

YT PNX NYITH NI NYITD NVY NVYP NIV : DITIDYN TOVWNI

DNV 7—4-1 DYS DU NNYN IX WAIN : Py 7Y

SMIRD PANND TN DINND YPIP OMNDIW DIININD N DI NN

NYN DXNLYI YPIPN PNYY ININD DY) INNRY : PNIVYN D11 PUNNI DPMIT) DN DININ

TMIRY) MMIDN O NN VDIMPI NMIWWN YPIPN Y95 TIT2 ANY TN NPTHIIN
DNNNA,DOUNNYNY PRSIV D11 INND P2IYN TIDY DXONN NONX DINLY .J1TIN INKD YPIPa
DTIVY DN NONR MPYINT TIYN MILYH .AYIYNI N DIPDITL ,IW»N DIND TN
.0YND DIYIT YNND DIINNNN

MYV .a

9Py .ONT 40,000-0 9YTHN NLY .NNYIY PNNNY ,DIPYND NNYY DOTHIN IPON MINNX 22
LANN WY NTRD) 2NN NI NNYYN ST

TIND TINWN TNYYN DI NN .TIDY DIDIPND NVIWA AW NYITN ,D>TIYN YYD 7173
YT NN NNYYN DXIYAZ ,NVIN DIPNI NNYY DDTHIN IPON IMN PNANIY DXNVYI : INND
Sy OYMY MINKR NPYIOWN MY NNYY DYTIN IPON IMNX DIVTIY DINVYA ; IV MIVYN
O IOV

IN O L,YP .DOPIN P YPIPN 29 XINY ,NMINND IN NNYD TYPN NMIYYNND DY) PYNY Non
DYYN DX1)7 IN NN IDIN NPINYY ,INRIAND NOOXY 127 NN YN0 OMWY 7237 Y8N
INIAND MDONRI DN NPHNND IN NNV DI

MNP )

PP INON L, NNON 0N DINIYN NMVPN MDY NNWY POy DMLY DYTHIN IPDN INNI
DY ONIND AN WY NINDY 2NN NN NPIVPN IOV IPY .ONT 40,000-5 D1 1IN NLY
NIYN VPN PON YN .DITITNHD 99N NI YNNN TWPD PON OOWIT YN NI NPMN MMV
YPIP GNDY DIP NN HNOXIVIAN NN

.NDN DIVY LI, DMNMYRIN DTN MDY DIPN NIV : TNYL NPIVIN MWD

0P OINPVAN .

NINWD , DNV 5—4-1 DY DYTHN NN DODTHN DOPYIND DIXNYVIN DITHD DIDINNND IPON Y MINI
.D3)T 50,000 7YY DT 5,000-5 DY NOY .OMIRNND NPT 2T YPIPN MV
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MTPAR PPN IAPNNY NINKIND DD N UP NN TIDY DN D)) P71 DINNDN DNHLVYI
SYTIN 25WA YPIPN NVINNY DY NPNN NYAYN HX2 9PV NPY ¥ NT NN I INY
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NI-295 .1

DO NI DY NNYD IWINHD NI-1797 DY) S0V DININD 1T RID NN YpIpn Ty
INNROY DTHN NIV DD MDNND ,DXAVYN NPYNN DY MINLND HYY NINIAN MIYY YPIP2
NAY NPONY NRNYNA 91252 NNNNN NI N D THN MV YPIPN NIX TaYH IWAN NI-175N
SUnY NV DTN

IN TAR 72D NVOP ,NNWNI IR YIND POYN TIY : NOND NPRIPNN MWD MUY N)-1752
95 T XD NPYNN DN D MUOP DYDY DXAVYN NP NPYNN NPHYY DIOIDM DMWY
.D’VY NIATNY DIOIDN TID MOIP MYXNNI NYYIN 7PDY NPHYN 2IN NI 2700

$PNYYOININD MNDN NVYA NTY SN
TN IMON N

PND YT OXNY AN YITN I8N — ONT 15,000- DHTHD DIVWAN .1

AN Y — ONT 6,000-2 DOTHIN NN WY .2

AN YIINY PNO YIVI — 0T 110,000-5 OO 1IN )IYN YaN 2w .3

LD 141,000-5 DTN SNION YD NLY 9191 TO
TPPYN .Y MMND D IUDN HIX LWINT INYIND ONMN YT NP 5V DOV
NN TN NIVNHD MYNNINRA TIVHIN NYWA NPY NNTND SNDN MPONI NP N NIVHN
VIDOVN AP D) MIVHNN MNYOY NN DPIIN DVIMP MYNNIND 7PPYN IDNY NN
DM HY 5INN MIND DOYINPA
YPIP NI I NYIN NPONA DI DY NPHNYA NTYD MM MY MY KD LYND
,NT MR OMYNYN IOX DN YPIP GND 51N NHTX JY 1N7N> NI 2INI DNTN XMAN HI1T)
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DOVMIAN MNOY Y33 ANV NYYTY NPANIND DTNY ANNNND 9 NIPHA DI NPNY 9D
(2006 ,%>21)°29 YI0VY) NYIY MINN TV 159y INY IYITI NIIVNNN

NN TONIP NPIZN 29 IY NI MTNY IRHPNN 9NN NN NPONN NIV NDXNN , INT NYD
NONN (2001 ,037NY 129P) TV TIIOPR NNV TINNINNN MNNVINRD IR PNIYNI
IMYRIN NN NINPHIN NNV NDXOND TINIA,MANI NODIN NINY AN

NPDY MOLIYN FNVYL YHRNWI 1IN DTN YOI M0 MY 11 1T NTIAYI MIPOIN MYNINI DININ
.PYTAD DIXIT NNY Y9N NDY DRNN NVYN
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N'X77n NN 'ON Nrdy nd>wa'? oMoy 8.1.5

NN PANT TN DY .aNINI0 MYTN 91 NN NN YPIPN NDOVYI MVIITH MNYann pon
DYANN MY PYNIN .NIIYNY DNIPIVMIP 1D YHNWI DN ANIN WNINND MUYY Y9137 NdWN
DYONON ,TIWNM NN PONN MXN DY MODINNN ,N2IWAD MNDNM DTN DI9ON

Landscape Character ) mb01poa) YNNI G0N MMANND NOIWND SY95N TATHN 1INDNA
-m Scottish Natural Heritage-n mona yoinw ,(Assessment — Guidance for England, 2002

DYRIPN D9 NNIWA PO DNV NYRINY ,07NYwNN 090 »w NN .Countryside Agency
PTHIN OTIYNM DXANN NPT PONN .OPNVDIN DN DN NDOVWA NV MMNVII1 MV
NPTIND SOYa OINND 7IVH NPITN ,DM9INT DITNXR DX DNNNN DMIPYY 9N YOIV
: 0225570 DY DMIPOY DIIDIN MY DIDA DY DMITHN 9NN YDV .M 41 DIV TINI NNIVIS
SNNMINY NPOON , MYPIP ND 1P MO, QN MMNSN ,MNDINY : DYV OO —
JVROPN MPON DY MNN,MAYONN YDINT YPIP VINOY : OPMIAIN OO —

1912 a1'0% nIMLvPN 8.1.6

AN PRY,ANT PRY DY ,NNT NITI NN AN D00 )0 ,MLY : NNV
1991 DXVYY D229
Y7 ,99WN NYIN ,0XT2IVNA XY DXNLY  NITY ,N1PN NI, M, MPP — TR Y —
DNNDI,DX0TIY, NPRIPN MOV PNYN
Y7, NNTNR NN, NN, PINS — DOON —
M2, 2AMYN Y, 070NN DINY DY Y DI PV DINY HY Y — DISY IN Y —
DNV OV ,DOTTIA DOV DINY ,DNINDIA,DX0TIO ,DINY MNY ,0ONNONN MTYN
POV NP DD MDY NOIYN LMD, 0N 9N I - NN —
NNYPRN YN, TINY 9192 NDON ,I9Y AT ,90aw ,TIT— DIWp  —
LIPHNITM NIIYN DY DINHIVIIP
YON ,MIAY IN NINT,PIN — O9W OTON-YT) DT —
9173 ,91392 ) OP VPN — DTN TP

TIND D) ,0) ,72N Yya,pon — Opn

NPYN PNYAN DYDY INTN — YaN
YOIND ,YOVIPN YINND ,TNIND — MTAN —
SPYNN PNYP OTONT I — (N THN-NYN) NN

NIDD N0 ,MN9 ,YI9N0D — M0

SVINN ,ITONN ,079),9MD — NOORI NPNYNN —
199 YY Y995 NN
DMNI,TIVN MV, NI PPVIN — PNV
YN ,DNIND L PNIYN 09N N0INN — M)

DINY OV, , PN, N ONYa -y —

19N, TYIN DoY) , DY) NI — DY
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NIYXIN 719'0 DT Y Win'Y 7w 'onn varqnn 8.2

NN YN (2008 Y9P) MATIND NNNNNZ NN QNN DY YPIPN MY MOLYY DY JNyavn
:NPHTI NPINLP YIIRD MYIVNIN

VN NPR DD INYAVNY IR 1PN NYIVN 1D PRY YPIP N0 Moy .1

SV INTTHIN 3 DY 291 VI TTNNN ,1IPII) YOP NN MPA N Y NYOVNINY MOY .2
.(2008 ,2001 297 29P) Yoo

Y INTTIN 23 DY 91 INRD TTNNT L (03172 NNV) NN NI 12201 DY \NYaVnNY Moy .3
.(2008 ,2001 /29N 29P) V9P

DON PN 9N NAPNRD ATINN ,(NPN) 91TY N MPA NN N2IADN Y \NYOUnY Moy .4
1 MINOIN

T2V DINN MINI DIV1D MYNINT MNYN MOVIWN HY NP PPnY

DMINPIN MOV

YRR IDD

VPPN 9 Y MNDY DY) NINWYNN NVOY NP INRD VPP NNT ORDPN DA IN Upa vy
-YVPLIPN PN NIWPNNN DNNN NINPD DX NYVIAM NTYN NPIYIY TN MIYN NVIWN
LN IXIAPN HY NYIIN NYIYN NYYI T NVIY WIINT NNYD SNMIAINN

NN INTN

NYDIIN I NVIV .GND NYINDY DMWY M MNT NINNY DNV YINOPY .DOYLNI NVIWN DY
SV IR MTYN Y OYYON GNN IR DX DAY DTN MIYN DPX NN ,INTRD MM 71 PN
MY 20T NN TINA Y923 DXMINND 1YY NN NNVY NP, DIV

(N11V) DX N1

DY DOYIT YNN WINT ROWD NNV OIDITNIA 1PV, TIDYN DIND DY NPPYN NNYDO DIYYNIND 09D
.DPNORIPNN N DID1PN DIYNN 27 MPY 12% XY 11 NVOWIA .NLYN 9

OOYIT MDD

191N NXOY ,0295NN1N DYDY 21 DV NTY NPONI VIDOY .YPIPn NP X NINYNN NOOY
MLYY 2172 .0NY NN Y2 (NVIIVY) YPIPY TNNN NNV ,NTNNN TONN DMNY YT IMNX DY
290 DY INITIN 29 DY PINA YPIPN DX YYD YTD NMOVLP D1 YAWD DN DWW MINRNN
NANMN I VW (2008 ,DOTHNYY 199P) 91 ONAPN YW INIPNN NN IRIND YY NYIVN NVIVN
NV DNNNA ,MVYA DIIYS 11N G OMIPYY NN I ,91IN NNVOPLI NPNYIRI N
PPV YA Ty Non)

MHMMYN NIY MY
DNYDA-IN

TN INY N0 DNWI N DIN TWARNDI NN YPIP-GND YNN YPIP ITIDY RO DYTON PYnn
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DIPNY YPIPN NI MON RIY 001 M MYSHNA YPIP-9ND NYNNY 0NN YpIp 1Ny
N2 NPIA .YPIPA D290 DD NN MPTN DYIAPNN WP YPIP NN 1DOWA PINIININ
PYNN DYDY NN ON PYNNI NTYN 1T DD DY DX NN NN W10 DY NYIAND MIAP
STIY DN IN DNIPN

TPMIINN NOONN DR MHYN NOOWN .90 I¥IPN DY Y9N AYION 9NN DY NOVIVN NYIVN
DOYIANN NONPON) DN PUYIN TPRIPNN MDY MV NMY ,NTYN NIV P WP NN
NPIYANN NN NYLIAN NVWN .(DNX-PIV-1INY DOYIANN NORPD INYN ,DIN-2INN-PrP-DIN
NPNYIAY DYPNN NNIPHA ,DOIIN NI M) DDIAPN MTYN NIV NAPN N NNYPN
MNOPN” IRIPIN TOROPN DWNN PON NN NN OX NPNDNOV .NANNI PONNNY DYDY
2Y01 Y01IN NN YPIPN 13202 1OV NI NI IR DY) /NINYN

D2 ONP 190 MDY

NN ONP INK 2P YAIND PP .MTYN DINNT YINK DN T3 00 NNMIT NYIND NTYPH 1N N0
DY .NIANNN NWAINN MOPY INNYNA PRIPNN T8N NHONRNDN T2 NV .1IYIVN POINNVN DY
2ANIHDN IR NN YN NOVOWN .NTYN OINN TINZ 0N M0 DX IDWN NN ONP 295 TDY  NNG
G0N .9N MXIYN — 739 SNYY 91 NP 198D XD 9NN NNVOPY NPNIAN IIPHN NP3

DMV NPDINT INN 2IPYN AN T IR INOPNN

D0V -1INX MYV

=))A)))]

DXYIN .DIND NVOWA ) M DA ,NTTI YPIPN DNV ,0MIWIAP DM DMNNI
DINY DOYON AW MIVP MM DI  NTNPX NNY OHYL DION IYINK NITYI MNITH2
NMIPHNA .NANN MNP D MY NT D¥DIAPN DMNMPA BIWIN DNIONN NN .NPDIVN DN 129200)
N ODITH T DINNINT NMIND THNNN OITY 1DIND DINNT NN DN Y NVPIVY PN DNV
,ITIY0 NNNN NNND LY 192 JMIX DN PN L,INN 9D YW 9000 NP NN DY 1ND Y1) )W)
N9IT T2 DBVWI P YN DINBN NIN MNHT MONP DoY) DITIPYI 97N .00 TN
YPYN MIYSNND PR-ITPYMI XD ,NUYYND .Y D30 NYNTN DN MNI NYTI 1T NV NN PN
N NNNNY DINDNN NN DI TN YIW MPON DY MM XYY XY 1Y INPHN JOPN
NI JOP XN N2WAD DTHN MIP .GNN DY NYAYN PR DINND 1IN N1NIAN .NAY 7N IDOYN
SYTN DTN PR WIMIN

oY

YPIPM ,NANN MNPY DN MLP TPNT MK MNTITHN NVY HY NPNIIAN NITITI MINT MOYN
OVTN MWD NOYN AN AN TINY IMTI WD YW INNNND INOY THIXRD NITION 1NMONN
NYN NOYN PR IT TITL .(NOYD 522PNa) NTYN Y TIY DY DTIDY NN DIIWIRND DD DN
NYYN PIAY NP2 NPINN THPDOYN NNIIN N NN NOVNP NOYN NOYN OROPN NVY TIDNRD NN
N2 PN NOYN NOYN TN 995 7172 .NIP120 INXA THNY DINDN NN NIV ,POYHY MWD
MOYN P2 NN .INNINA 4%—3% Y NNDNNI 1%-1D DONYH NINND DONDOWM NP I8N DY
NIVANDND DY MYYN NITON VDN 9N MN YO0 yapn PITHN NHOVA NHN MYN
DY MYYN DM ,2IVN 1IN DY ) NNYY 190 .10% DY NI 1R DNYY DWNDYAI
DOPINNY DNNI NN M NIN ,D0INND DM NNDOIT PN NYN DY MYYNI .PLIDNY MONON
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MoYN Y N3N INY 9T NPNY PIN ONYY 2NN TN DY 7990 VPIpY 0Ny Ty ona
NVIZY DY NDIY IPN ONIDY NYY MNTTHY MDINNND NPDNN DY MYYN 0PI OXNOY
(1957 ,79) TNR 20MDP TY ¥)IND 913> DINNI DIVINN

N2 20991110 41 VININD MYNN DXNPYN MOYN .92 NPYNINI NYIDN NYIVN DINPY MOYND
TIND DAPIY 1T NOOY . NIYIYND NPIMNY 19 HY JNDY MIIND ¥9IN HWA 1Py PN nyown
NNV NPNVYNDI 077D NP DY 1Py, NI 91 1ANY 1997 RO, D27 DININA
NIXMN OXNYIY GIN NNVOPLY NPIYIY MDD N DPID NN NIYN DINYWN MOYN .20
9NN NN MPYYN TI2) W O¥I0 91 ¥ Y NI

mviv

NN NN MIXIY MOV .N2NN MNP 92PN NPMIPH DNIAND IN DODN NPV NNITH NP
VY MYV M ,H1IPRN NN QNN DX NNYH MDIVN 2INYNN NN MNY TN GNDN NN
NPMIIN NPXVNP NNV DPNVDN DIARND NYYL MDIVN NVIY 0O PYY S99
ST 91 TPRTNION MINIPN YW DN DN DI ,NIND DN DAY

[n13)aLp)

TIN2 .23IX DN PN TN YPIPN IN JANND MOND NPY MYNNNI NN PYNI 023 DNIDON
D913 YOI INT . T292 2332 DD MIND 113 132) YIND N 90 DY NNWH Y13 DINY DOYV NNINN
VP R¥NY 2591 553 TAT2 .09 91 OIKR TINA DANY XINY 9N ONTIPI 91 V9 KN 1IN
TP DN NIDN 9N NNY NI DN INIW? YIND ,NNRT DY I8N0 NI 1YW G Y TINI

(waterways) 11p» moyn

GNoo DTN DXIMNIL ,OMONOPN MTY TIN YPIP-GND NYINY NPOTIN NOIY JN NP MOYN
N9 NDODIDY NVWN M9 TN NN TIVN 1T NV .ININ MNTTH 2INMT 137,001 GNDI FNLYN
5N MOPA PHNY YT NI ONIPN PNN OPPY MDD NIPN MOYN .ANIIIN I¥Y TIND
DTN D259 0) DIOP NP MYYNLO>OTNN PNINAN DY 9O 30 DN

TOPAR NPNP POINT GRI 1IPHN NNV NP NNV NPND NI AN TY NVIVN NYAVN
VN NDDIANK NN ,ANTINT 1M NI YIN qR-DINIXR NNV GR DY .DM»P D9 PYYN
TONNPN NTOD TAN DI 1290 MTYWA DXNION DMVIIAN MPPN — 1IN 1P ,NHNTY .NLWYWAI
HYN TNNA XNNINI YW TIY (2008 , 0TI 1297) ) INNX TINA DTN PORNDNY 1) V)
MYI0N IN MIOYNN DN .IPSY MNP DN ,MIMN 7T DPP NIN NYNIDN N NYYNN DY
N, TONDIPRN NOIWNNN N9 NTNN IWANY DINXIIY NN 190N DY TN AR VP
P2AY NOHNN MOIWN P2 OVP-YT PINNON ,INID NN PYNY 1597 MYDIDN N MYNN O
APNNIPNRD MOV

NINNPNY 15V’ MVIY

(branchpacking) oy s

IRNN NVWN MDD YW PTIND 2N DY NINJY NV NPPOIN T10 M5V NYNN DOV
DMYSNNIY 1P K9 1Y NV OMI 5NN XY NNHOT NN 121 1T MPP NOMIP MNPPN9
YA D) PIND PADMY XN NINAN (N 1-0.75 PV N1 7191 DNV DNVLY JPNY IWAK
91990 %9 5y WHTND IONX TTA GNR-V9 ; INPL YOP SNTIPI GR-YAIN NYYI NV YPIP 2IN»
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9N
(vegetated geogrid) >nnN TN

125V 95 2520 MOVLYN ,NPNOVYD N NPYIO NMDVINY M NAYWHN ,MIADY TI0 NOOW
AWON .1:1 IOV YHya MNTTHA DI NN XM N9 NHYA N NOW .YPIP 2NN Y MMNIM)
ARPH DTN MO NYNT NAINDY NP> NOOWN .NIYIN 1D ONIN DY MIAOWN TI0N DX NN
SW YA 1N VWY LPXONN YW PNNND NI D) 7ONNS MINSNY 1920 218 NIVOND NOOWN

DPTINN QN DMP AN TINT NPHIYIY NNWY NI XM ,(2008 ,1997) YPAIN MINDY 291 19

(joint planting) my>v)

SV NNINY NPPONDN DXPIND DOYODN P DXNNIND TINY DOINT MTN ND>WA (riprap) owoo
NoN DNAY MTH2 PN PINI DOPIDN YIDN HY MINDIPNN MNA NN DMIAWND 09D 97191
.DM)PN NLWN M SYN YOTINN TN NP IPNY HNIN NI THN TIN N¥ND PINIT .NND
TN NPNYIX NNYO N1 N L,(2008 ,00100 1997) YP9IN YINDT Y91) DI TV YN 1T NVIWD

PTIN GNY DMP NN

(dormant post planting) 0>y TIRY MYV

NIYINND DOV UOWN IN DT NN NOYI HPIANIN NIIYNA NN NTY TIINRD DOYVIN DINY
DY NIAPNWN 1T NV INNYY IDIN NNANND MYTT NPDIPN NPNIPR MDY D1 TN DININ
NMVYNIN DNV .NLYI MNYH NN NIXIND DIXIYN THND MPPLVIN NV .DINK MNIND
I PYIAX NYNIN D ,MNYS NOVWND N NI DNYN THIRD .DINTI NOMIND NIIWNN MNON

TPINDD NINDM 91 ¥R XA NINDN ¥ DIXIIYN TN MIPVIN NVIWD .IN2IN NPNIN

(Vetiver) 0»navy mning

MNINAN YD RY¥N) .0 NITNNDY NND NYINY 00N XY INMY DNN MNIAWYN NINN
M 3.5-2) DOIN OONIYYN DOVYNVUN .OXNYN NYLY PINI D oV (Vetiver) o»rnavyn
12902 I¥P YT P9 ,OVUTIN 6—4 DY NOPN TINA DYDY N2 MIPNN2 OOTY ON (NP2
.DONY DYTON

S¥a D) TN NN L(2008 , 010 1D9P) G0 INAPN DY AN PR ANINI MNON 1T NVIWY
TON YI¥2 MNINAY IRNWND MND NWITNND NVOWN ,DYIVYN DY DN WA NNV INPNIYIN
NIMNIDN NMYLIN MY 1NDWA 595 DOWND NDID NI, (DXNIW IR DINY) 9N M)

M MY ,DONY TV

IN NN NAXIY NN YWIINND NN M12IY NIVHD .NMINT MYSHNI YPIP-GND NYNN NVIWN NIVI
DY2¥2M) YPIP-YPIPN N0 NN OXN9N 08 DIPODN NN MW T YY 0N .AMPIN NN
DXL, MV ONYIA DIXYN NIN YIVID DNMI MIN I MDY DY NNPYY T .PARN MINd NN
AN I2IWA MXIY DINDY 7521, MND

,NOIND 22N 992 MAIN-GN-VINOND 10N (2008 , DTNV 1PAP) MINRDD NI VMY NN NVIVN
2991 AN DMWY DY POV TPIVN MOIYND NN
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Y Nin'y? D'yxnx it qin niiynwn [i'x? ao'w 8.3

PP NDOYD DIYNNN DIYND NPANN MMIYHYNN 1PN NNITINDN NIPOI N P92

:NPIMVP N 295 IND YPIP NDIWH DINYN DIYNAND DY DANN DIYNNN NN
INPNRT NIN DY YPIP MNDIWY SYRNIND TOINNY 2N NV — ININONNN YN .1
DN YPIP IV SYNNHND DY ONDNNNN YN DAN 1AW 1DINT — STNAIN-29ND7 YN .2
MNMIN NPINRIKDRD ODIYD DN ,NVWYN RN MINK NPMIOININD MW HW DOYNND
.NOYN RN MMYPN DINNN HIN

NMYN MOLIWYN INNYN NIYINRI) VNN 2ADIYN J1PIND NPAIN APWNHIYNAN NIPDI N PI9
NN20NNN YYD XY OYNNN DD DY NPINT MNIND MNNA INDN NVPPON YPIP NYD
991 MYAPNNT NN NIVAYNT MNITID YPIPN NDOY MY DY 0OWVINHD 1901 5 DY
: D02 NN YPIP NIV SYNNN

T2 YA DMP DN (ANPN) JOP HIPA YIAPIND YOMN  .N

(PN YT NMIPAYAPINN YOMNN .2

n2APNNN NPNYIAND )

MIVNOUTIN TIIRD YN Y92 OMPYN T

MNON N YPIP NDOYWH DNYN DIYNNND DXONIN NAY 8.1 /DN 193V NINNN NT P9 T8O
YAND 1 DMV NPIIND NANN NYAYNN 22NN YMIAIN->901 1) INNNNIN 1,201 YN
: MITIN NMNON WY VNN PININ DAPNNN YONIN .PINI HAPNNN YOI PN Yapnnn
TV, DNKD NDATIN NN NN TNV YPIP NIV SYNNND NN TY — NDM9M M¥IN .1
9T 72,91 DT NDMAM NPIXINY 535 .NNIN NLWN KN DY DD 1T NIIWH 1o
ANYY DPANN NYIUNN
NLY DYMINNT DIYNN ONIN TAPNNT YN NN TY — TN KXY NLY 21 APTIMN .2
PN IYOWNN NI YT T ,INY TN NINY 995 . T2IWN INOPN
912 NLY DMMANNN DY DXIN DAPNNN YO NN TY — TIYN ALY 5 NPTIMN .3
PN NYAWNN NPXIY NDTI T ,INY THID XINY DI .(T2IWN IONY)
YLD NHNYNN NN NYVIAN YPIPN NDIYD NVIWN NN TY — MY TNRD NN MY 4
T92) NNNYNN DR NYVIAN NVIVNY D5 .MIYN TNY TV NONNYN YPIPN yom Hv
TPANT NYOWNN NNXIY YT T ,(D7T2IYNI D1YIV DININ DI DY NINY
YD NVXVNND NINNTD AN NNNN NND TY — DTN NN PA NN MY .5
NYaVNN NN 19T T ,NTNY NNISAY 990 .Mvwn DMWY NN P2 DTNV YPIPN
MOP T2 ,T2IWHNN IN OYALN YNNI NIAYNWYNI NOYRYNND NN NI DYY 535 .1ONN
PANN NYOVNN
XN NN 2579 NHN INND DIATI) NNVOPOVLN PARY Y35 — NNVOPLN DY MV .6
AN NYOWNN NHXIY NDTI T ,IN TN VI (YPIP NDIWD SYNNRIN
— 1) TANN NYIVNN NNNIW 29D I M) NNIWY SYNNIND DI DNNTH PPN 8.1 'ON NIV TN
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D120 DY DD PININ 9NN YN NYOWN DY H91D0N NN .(NPIN — 3 ;702 — 2 ;1voN
5Y DDIANNDI MPY YAPI 2PN NN NIYIVNN NNXIY NPT IR, MONNN MINONN NNXIY
2000 DY HOYNNIN MINAND

NPTIAY NN DNYIYN N1NIND DNWN DIYNNIND DY NYDID NOIWND NWHNYN NIV ,ININD
LDV D9 DINANDI NN NMIVINT MDY DINLYWY DHPNNN NTI NN
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91 NYAYNN NHRSIY 29D GNDI TN NPV MVLIY DY NYNTH NNIVN : 8.1 0N NYAV

PN —3; NP1 —2;NYoN—1: XIPN
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n"a1717x 0'oarn 8.4

7' 8.4.1

TPNPIDDIVINM YIVNN MOVANT .112) YNDIAD NN INDH DDV INIPNN XM IMOYN
9 TONDPRD NIIWNN SMPY DY DIDITHIN DMIVPNN TAND NAVYN) NNIITIND MINOPNN DY
PN NPV Y ,NNIDN DY NYAND DONIPRD P2 ,)0 29 DY 9N 0N M»an ynn
PEMIPYNRILY D1 SN2 DY YOP 190N DY STYV 19IND THNDND 51D PN NV NN
MOPIAN PMHININ I3 HINKRI DIMIN OORIPN DINMX XPNT D) ,¥10 NINHYI D NNIYN
LONPIAN PNNNN NDIYY OPROPNN DXNIND DY OMDYN NIIYNY MVIY 119D ¥ DY INYN
TINIIPN MDY DTTIVHN NINIPYY ORNNI OYRIPNN DIINN IR HMD DI WIvND)

(2006 ,>PDYVIPD) NI

N ,DMNTPAN DOPNN IV N : DXTHN NN 19N Y915 (biodiversity) »»51a an awinn
TR 930 DNMNND 913 HVINN .NPDIVIIND TIN S0 PN LI NPNINPRT MIIYNN
PN DY MNOPN HY MYOVN TITAD NN DIPNNN NY39H .09 NN DIT5Y IN TI9)2 DY THNNIN
JONIPRN 172NN NN IN DITHN PN NN, NPNNIPRD MDIWYHN DY MAINNN NN M1
PHN PAY NPNNIPR MOWN HY MM TIPONN P2 DONN AR DPTIA DINK DMIPNN

.MDYONN IV DININ

MypIpa DOHN ,0%aNT DXNLY M9 Yy DXPNN DN NN NIITIVN MNOPNN
NMLN NONI MTNN MDA D DONN DYNIPN MINIPY .DNYITI Py ¥INI MTIVIN
, DU DMNIAVY DXNNY D DYDY MY)NT ,NVYIA MM MIMN MTIND ,MN YNDI NPND
DY DYy pmy vwAan yy TNRY (Tilman, 1999) oop i mMoNn v Mx1vnns Moum
MYIM OHVP DPXPYNK MAINNN MOINT MYPIP INVPN 92T ,YPIPN NN MITITHND

.D»HTIN DIDIN HY MM M

AI2IpND AN'YY NnNni Yy Ny niow 8.4.2

MIPOYY TINNIPRN NOIWNN NN OY TAN P2 NYIWY YPIP WO MNNIN MOIVN DY
DT YINT DN DNVY 1Y HY NMYIINND NIDN DONIPR DIDHNNY MNOPNN NN
LDYNTIPN DYDHNIN DY DNPP NN DIIWINID

8T DN ,DYYI0 DNLVY P2 DIYPNRN DPNNPR MNTTOND DITRANHD DONIPN DNVLY
DMWY 07T YN DPRIPN DINLY TPV ,DORIPN DINLY .D1YIV DXINN P2 12V NYNN
,129P) ©»YA0 DXNVLYA ML) DNDY 9NN YNIND INY TIY D) DT P ONIPIAN PHINY OIIND
NN L,V ,YOIN XYY MINDPN NAOWN 7NINYND MINDPN” NRIPIN TIROPNN WD (2008

.(Holland, 2004) ypapin n2%9n KY5 012> PINPY NONNY HY Oya0
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27 2990N2 NNNTNNN VN PYN P IR NNYDI ON NPNTNOV NI NPRIPN TIDY MOIY
AY0N VPN PN YPIPN TH2NT NYNION DY 92 DINNY MYYID D) NOX ,MYPIP YTIINY
DM NN NPDIVIIND DOWTN DITH XN MK NITI Y 1N MO MLV

DM DY TTRYN MNOPNN Sv myavwnn nr (Tilman, 1999) y»u PAayn YT niya
D757 OMPYA MITN PN NI NDION .OUPRN MNYD DMNIVP DPINY DYDY DINIPN
INITIPIN : NP PNV NPNDIPR MDY DIII0N DODXNN DIRINN NYIDY MIPNIA
0P 990N MLINYN NN NPNIPR MOIYND DY) NITN YININ NIDIN YW NYIWNN .0
MYPAN PHNN DY NMILPM DINN DI NNOYN 03T 1Y PIY DMN YY) DINNN MPN HY
N5 YV 1290 DNNANM MTYN JNLWN N Mnd mopn .(Dalto and Brand-Hardy, 2003)
DYPXAN DYTHN N2 DIPOYA IMNYN ,DODNIN DY NOYILN NIIWNN TIN IN DXAVWIN DINNINN
2NN DYNDIPR NINITON NNDIW

959 PYHN .DYININ IXIYA NN GNDN NN NNNANA NNV NPNDIPRN MIIWND NIDN NOVIN
YNNI XN NYNNY DNPNY DI NINA NPOY MYPIPA MONIN NN DI2N INITHN GHONN
DINNANN DX .(83% TY) YPIPN TIDN 5591 129 PHN MNNNK 1T GND .DONXIIYA NND
.(2006 ,791) D157 DWW (Poesen et al., 2003) o»nNNY DXYITHIA MTIVN MYPIPL TNPHI
SY 193 PNIOM TPYNIN NN P DTN TP D8I P T13 NI NPNIN 1N MO
4NN NPIdN NN DPVPN — NAND MPY D1APN2 WAIND NNNTI — NIPNM WAINN MW
.DINYTIVA GNON MVPNY ONN — I NONNY IR TINIVY — INNY NDYI MNNOND GN .02
P2 DOWVWITIN DPOTHIND DNV P2 INY DI NITN SPNIN TIWIRN GNON N MLVPN
MIAVAN DPPNNY TNIYY D .NYN DNV NYITIN NPDODIVIND MLPN 11 ,DX¥)WN NITON
DIPOYN DDWN DN D¥DNIN IXIYY ,OPNPRN MNTTD DITHN SN2 1N NI NYNIAD
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D'2YTI Y'N MITR — Y 2in'w'? nma7ivn nirys .9

Yj-9no nyany 'yxnxd y'n ITx 9.1

¥ 19NN 595 772 /N 10-20 2NN DTN KDY YPIP IN YAV YPIP DI XIN (ONI) PN IMNN
SNONOMN DY DN MY PNTI IPNY DMV YPIP SWIDIY PA NTION INN INNNN N¥IY

PONIPN NTYI (DD NOYN I OYAV) P P P2 NTION NN wHwnn PN IMN .1

P2 NOYN D90 RY MTWN P2 NTI9N MIND wHwNn NN IMN .2

NN 2TYI TIRD 7y 112 nTon TR 9.1.1

VY ,XIPY 9N NINY TN L, PINN IN YAV NP P P12 rann (buffer zone) o0 N
YA NTIOHND YNRYN NN IR IMNOY DY IV 7921 DN NTH TY DIDNDN DINOPN DIN
LTIMN DNV WY PN IMNIY NMONNNN DD [ NNT TADN .DTYUNN DWIND Ghod DD
MNYN NN MN DTN ,DNY MNPN 290 .NIPIAN IOYIY PNRT NLY NPND DI GN 1T IMNY

.(9.1 701 NYAV) DMV NN NN DIIYIY | NAXT VLY AN Ty DT DIVNHN

(Barling and Moore, 1994) o) mMpn 299 N MN Y X9min and : 9.1 'on nvav

no nav N IND XN IMN 0PN
2 2 Y M
NPn [=)[PRa) ypwpn 1 NN nPNYNY %) () YN NP PRA
Slope Buffer Buffer
Author/s Location Soil type Geology Erodibility (%) width (m) extent
Balmer and others {1982) USA — - low 0, 30, 60 9, 32, 55 -
moderate 0, 30, 60 12,43, 71 —
severe 0. 30, 60 14, 52, 88 -
Bren and Turner (1980) Vie. clay loam sedimentary low — 20 springhead
Chalmers (1979) NSW — granite severe <33 <40 —
Corbett and others (1978) usa organic loam — — - 20-30 -
Cormack (1949) Canada - sedimentary - - 20 springhead cph.
streams
Cornish (1975) NSW -_— — — 20 210-100 ha
hazard specific
Graynoth (1979) New Zealand clay loam — moderate — 30 200-300 m
upstream of point
of perenniality
Haupr (1959) USA — granite severe 20-28 6 —
— granite severe 60 43 -
Haupt and Kidd (1965) UsA sandy loam granite severe —_— 3-10 —
Erman and others (1977} USA — — - —_— 30 -—
O'Loughlin and others Aust. — o - variable variable springhead
(1982)
Pucker (1967) USA — granite severe - 46 —
—_ buasalt moderate -— t —
Plamondon (1982) Canada —_ quarnzite — - 1015 -
Trimble and Sartz (1957) USA sandy Joam -— -— 0 8 FU? —
0 15 DU —
30 26 FU -
30 52 DU -
60 4 FU —
60 88 DU —
van Groenewoud (1977) Canada - — — flat 15 -
- -_ - Steep 65 -
Wylie (1975) New Zealand — granite severe — 30 —

“FU, water for farm use; DU, water for domestic use.
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WIDOY P2 NIYPNN NNDNA - DPROPN MITYL D) YN INAY - DOVNNYN SUNY HPHIVDINI
2NN IMN 2N P NTHN

(9.1) W=8+0.6S
(Barling and Moore, 1994) %-1 77100 19w — S ; ©901n1 YN M a1 - W

.DMVN 8-9 NIN NN NN DY YUNIND AMIN 1% MDY HY1 RPN NTYD DN NNDNN 9 DY

D) TR, TNN TIP PRI I PNITHN NOYA ,PNITHN MDY MOND MNYN PN NN YW 1AM
NPNDI NANNN VY AMT,PNNTI NN, HIPIN P DY 1IN INKY 1IPAIN 7Y DY DIIMANDI
N AN IR YIpY wsn (Mclintosh and Laffan, 2005) y99 vyoypn Snan mima ypap
9NN YD MNP YPIPD NOYND MYMN NN NASNN VY MDY THD JY (M1INDLI) NXNN
IR, T MDND NPT VP ,3% DY NYOWN YOPN MDY MDY ,NINNN LY DINNA DN MT)
DY MY DN MITY OYDIOPN MOND T DDP 26% -1 DITHIV DY MDY DN MTH
DIN MYMNT OPINITN NV .YPIPN NDY DRNNA NP0 MNP MPINNN 26% TY 3% NY VI
YIIN YOI YW NNXID DN RN LYPIPN NPNSND NN DX NOYN N9NN LYY DINNA
NN MOYNN MYNNN P2 .(9.2 70N NIIV) LYW IR MNYPN VDY TIV) DNIN PPONRD MNYPN
,AMAN TNN SYa XY AN DIVN NYIINR AMI W : (973N MINNIN 1D DY) PN NINA TN
LYY NINI NIPY ,MNAY TAXR 0NN MMIAN NN MNP MITH ,0219% GNO NYNN MNINDOD
MYANN .AINK YPIP MYNN 1IDODY DD, MINNNT TPNVWH TPIIN MDD ,NNND ,NANNN

PON IMND D) NMIMAIN NON

DYITY N MIN NITHIND TNND DN DY TN NITHIND PHIN DIWNHN : 9.2 'ON N9V
(Mclintosh and Laffan, 2005) Snyn prox nnno

NN MYAINY VA 2y
DIVN NYIIN TN PXAND AN 5Mn Pran
017921 DY NTRNN NYNN IO 5NN PPN
NP TAN 0N NN DN NPIIN MTH SMN PPN
NI5% GNO NYPYN 9NN PN
PPANN NITH2 DINIY) DINNIY ,NNNN NANN LYY
TOPNVYN TPIIIIN NIND NaNN LY
MTHIN MOVIVNN ,NDVN , MY NONN LY

VYN PNN AN ANV TI 5NN Sy PN NTYPHN IYIXT TINT ATIND IMN XN PN INN
,MIONT 290 DT PN 99 W17 SY PNY 2T 10N 22NYY TN N8N VWS AN .NONIN
VY PN IMN AMIY IWON DIDNDN DMIPNA 9PN WITID ,MNY NMIINONY 2WIND)

9 1Y D299 NONNN

PINY INNNN SNIN XY YOI NI TNNI .NWIAN NP PRIV YLV DN WNRYY 51D N1tD Nt
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(P59 HY STINN 29 HY WONN) 1% MIANDN NYY MY MPaoN .(9.1 'ON DOXWIN) oY ¥yHoa
NIPN NANPNA X DNIN DN AW PRYD TPIYW/PYND 330-D INY KD OV NWOYH MM
MY D 130-2 T MAY NONN DX YWY DN M 7PN DNIN HY NONDN DYDY [, NININRD
YT OONDSA-ININKRD DN OYPYN P1BY INNNN 1D NIV DN TN NIRNIND ONDNN NN
IR NANIN VW NYINT AN 3T NDPNNN D1ININDS DWPYN TINA INNNN SNIN 0»I (1965
DDA YY PTHNT YINI NT NINA LIV HNY Y PND MNX NN, NINT OY .PRYD 2N DN ONIN

.POYN TPANMININ NN M)

NOYNI VAN YWV YN TN : 9.1 'DN DIVWIN

MINNNNA NN PXANA PNIANY IWINR 2N TNN DY VN PO — 5N P : XIPN
AN — DIND YN ; NAXNN VW HY YN 2MI — P XN ;5NN DY NHTIP MINNNN MVININ
NPNN TN D915 DN NN DY N

MXYNN 90N NI NN, NVIA-NNPY 1P OINN NINI DIXIIY IPDI MIIDN PP YY DOINNA

: DYANN MY MIAY NN INN DY 1M NPNID

SRIPN INI MTY P2 1IN NOYN — 1 a8n

Y0 PN P — 2 AN

S nY

SY 1YY XY NN MIN 2N NN ,DM0N MY TY 2N NP NHYNA 121 TN ON 12991 N1wa .1
2YPWI IWON ,2%-1 DYTY PITRN MWW (9.2 /DN DOWIN \9NY) NYYNN AMI D91 /N NwY
MIDIN NTYWA NYYNN DY NNNN AYINT NP NoYN 9.1 DNDN Y NYININ 2N IR VaPY
NIV .0YT2D 257 XY NIND NSNH I NN Ty YN 1D NTYN Yy¥a DY DINNA
IPINT NNY GRDN NN NXYDY OUNIN DPIN P NPIY IPINND D IWARD 1T IINT




166

.9.1.2 YDA XN NT ININRD NIIRNN NMNNKN NN VIV IYININ TINA MDNND

2¥ aM7 nNa
NN IMN

A 2 L 2
mTY Pa PN IMN NP PY TIND
NP NOYN NOO |

| y

MXNN 9D !WAL MNP PNY NP Nbyn
i RRARI)ap/ D M —
mTY P2
l v v A\ 4
MYITY NP PNY YN PN PNY || SYUNRI PN PNY amm
man Tnn Hya P
MO PR ,NMON XY TNN oy ,NMan TN Sya :ﬂr:\:'\N ;J[DPU ;y NG
J(11.2 MY %99) MHIN 793) PN DD (11.2 mvoax || 2m o0
TIINY TPV NONNY ND D ,(11.2 M) ’ " 21
99 MMIPHN 2172 ,\1WN 7522 MISND 1M 79550
NN MYNY 912 INIPN INIPN 5
PN no¥nn
! | y
:INDN 9D :INDN 295 :INON XA
W=6+0.6S W=10+0.6S W=15+0.6S
N MND XYY ;P98 AN Y91 P98 2N 9910 NY 229N 2N Y910 NY
PN NI T YD M 2 72T 9910 XY TIT 9910 N9

DNV 1990 37Y ANDIN VIV 5175 Yo s0S0 B9 5Ya OF MYP97 991N *

2PON NN NP2 PPN DN NAYA YN MINT XIPIN 2MI NNAY NNOD : 9.2 /0N DOWIN
%-2 NI MDY — S ; ©VN2 PN MN 2N — W

312 34 N7NNA NITINN 99 XN DY INITINA NON 7P NN NN 2N 2830 PP pNva 2
PTHND M .NANNN VWAL MAXY JWARY NPDIIRD NINONDY PYRI I WD HIPA P
DIPOYY AN-NION ITNIND (9.3 ,9.2 ,9.1 DN DMIWIAN) HNIN Y9N ML PN INN NN
SN NYTY NN ,IMIN PXON NN MDD HNIN 29N (2002 1050 NN YOYP) IMNM W1 HN)
SN0 IYPY TAT IN TOINOP TIT 9915 0N MK YYD 7972 .5Mn MT TIND NN NN NN
.DYITIDN NDD NPNN T2Y ON NIDN NN ODWN INN NN M5 NNIVNY NN NHYM
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NYN NP PNY NIV (1PN ,9.3 'ON DIWIM 2D 9.2 DN DIVWIN) NWN NP P 2.1

T 9910 KO ,PPANN YTINN TANX DN NMINAD DMIVN NIVY AMI N MN PRYND NN
057127 PIITIDI MNIND XN ¥ N1IYY DN DT DT AN TN NOYM Napnn 110 5NN

1% < NI PITHN NDWYI IN YDY IIRY DMINIRD NNNN ¥9NN
NPINMINI MY Y NPNIITIN DY, NPHYD 10 MXONNN IPON MINI OYNI DIPY PIva 2.2

NNVIANND NNV ,HIPNAN NN DY DTN NN NIMYN DX DN ,DI¥IYI MIAND TWINY
PRYNY NN, D535 0NN TNNA DIVN NMIRND T OXTTI2 OXIVN PA YN PIANT AN
GOV TN DTYN T (NITHN NIDY NPAY) SNIN NTHIN M 15-0 MIVP NPRY NYINT
PN TITN NP LTI NOYND DNID MDY TITD TYPNN DI PRYND IWAN T IVINID
,DITDN MMPHNI TITN NN N¥NN TITN NOYN 3%—5% HY DY PN NN POY
DY NDNION MMPH . THMIPHN MAINMVY DNNNDY D 100-200 5 Y5OY 12YN MYNNINI
19YT NN J9TY IWON NI 1IN DNIVY N0 MIPNNI DN MYNNNI ITOY \1yY Noynn
YTY MINNDN YN >TI NN IDIN IX 1P MYSNNI I M) NDNOY DTYPHIN DIV
-THY TPMIY-19 7NNY ,DO8Y 51990 191D DMIN NYINT TIND 7ONNY PN SUNT
NPSYNN DY NI MNNIPR PITOND D) WNIYD MIYY ONOYNRI DINI TIIRD NIYINT TPV
.(9.1.2 YDA NT PIYI VIP) NTINY NI NOYNIN ,NPMN PN TN NP

NAD 295 NIN NN NN DY XD212 2N (3 72 34 N7PN2 FTNN IDRY)OINYIOY NDIPN Py 2.3
DNIN NTIN TN 93D 0N 2-D MNS KDY (9.2 70N DXWIN NXD)

Y'n "ITR 7@ n2npsan niynwuna 9.1.2

NININ NENY MDD IRIPNN NOLYN PYNN .NOYN IN 1Y P2 INDPN MINX P2 TI9N NINN INN
NHN) TINI N DITH NP 1D .PPYN DIDM ,TIDY NNIIIT NPIDVINN ML 59191 D91
S DYNNS DY NN YOP NN YW DHY DN NINND NNOYN IWAND XY NP (TN mora
DNYN DNV DITIVYIY MIN MINY MAINNDY OM»PNNY DNYONHNN ,0MN oyl
NOM MAYN NN DY ONPRN TN L(DOP21ND DXAVNY 01NN dHYANn Phm ,DXNNSN)
NOIYNY YL INNY NHOPNN NVYIN MIATYNNN DNIY DIXIY HNNN NI P DY PYnna
— D91DN DMD’D) MITO — N MIAIWNNN DNIAY DINN DINIYI 1PN ,NNMDN TINIPN

MY TN MDA NN
NN YN 1DI2-12) ,MINNNN NYINI YPIP DO :3IPOYN YTPINT NN NN NN PYNn
DOINWN Y2NN INN PYHNNI DONNRIN 2977 ONNN I8 XN 12 IPOYN 230NV PP TNNIPRN
(NNYT2Y YPIPN ND ,DO0N PYR ,1OYI0 NNNY DPP NN MIN 2N DONIPHN DININD 2 Yy

NYND 7MY KXY TPMINDND 1P NOYN DY NN NYINID TIWN NTYN 1IN ,I8 PN MINA
9N TNVNN NTYN DY NN XIN PN NIN NI 2159070 1P Wi 1T 17PN .NT 1OV 1NNY
NN DY DDIANNY NYIDN L,7IAYN IVNNYY NN DT INND INNSN /DY) DAY NYbs
TN PN L,ANT DY INIPNN DITIHN NN DNIODN DINY DMINN DIPN IN 22PN 511 911N
DONNYY MONMANNY AN ,T2IWNRN DTN 10D PP SY DNPIVIPL TINY NN INNY
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MODIANN YNNID YD DMVPHD DXDIDMI WHNYND IWON .INY IINDD 1IN PONX 1TV
29957 NN MDD WD NI NYN DIDIDM INIPNN D1THN NN DNIODNHN DY DIAVY

A

waterwayl oad—>15m——various—H+—>15 waterway

2N MN DX 0DDI15N DNIN DYINT TIT AN 2ONN : 9.3 /0N DIWIN
; TYN NN MPINN (09 2>1)) DN ndyn — A
VN P Py -B
.DONMAN TITIN N0 DY NUNIOWUNI NP Py —C

VAL MONNN
T2WND NTYN DIV PIN (N DMIVN 10 NI DT DMVHNY INY INT NN NN ON
PYA0 NNY TIIN ,TIVND NVYIN INY PINT T IVINID 92ym ,(97)D) 792y NN
DD2Y YD DY DXIARWYN YPYNT TN PN ,DIPNI YPIPDI DN PYNY NORMN NIYIV NINNY
DPIINN DM OPON ,0MVY DN DYIAD IMNN DIPN) PYI NPIDN TPYIV NPNNY .ININ
MY MPINRNND MNON OHYA DM DIPN POINY TWINR DIOIRNND DINNA ONXIPNN 9 THA
,UAT ON2TY YN INNK TTIVD TWAN L1 19 (AN MDD MINVN MNP 7P ,NNNTY) YPIpn
YT DD DNV DOYITI NNIXN 15702 DXAIYNN ONX NPT (1 2INY) NN NPNNY
)29 (D01 DYTIY NODY ,NLYD DD NDND K2 DMVPHD DIDID) NNIN 223NN DY NNIYD
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TNY P DINN ,DIPHRN ONIND AV NNHRNND DY IPPY2 DOINNY NIIY DPHN NN
PO YN MAYNN2

Y

TY GND P DINNY D15 ,DMIWHN NNY NXNNA DIXNVYN YPIPN 7 P> NPDOIVIN NMYIA
MY MDD MVPNT NN SYNNNK NN IMYT [ NINT OY .TOANY N1MNNNI YPIPn MDD NVdXY
IUAR PN NN .DMNIWIN TNY NPXNNT NBNDY PHIT HYN IMN PN NN NN N9
INOPNN 7Y GOUN DY NMYIN DY, NP0 MY NNy

DYNNIPN MNITONI XN NN
D N3 DXTTIA DNIVP OPN HOHYI DIDMPNN NYY DYV DNV NNAN NPTH NI IR

T2YN NV 217 PO MNIRD DY .Y PPN NTNOND )1DIDN DITTIAN DIVP YAV NVYYI
595 7772 NN DOPADN DORIPNN DINLYN .DIININ I¥IYI IPOPYI DINNDI YAV SNOW)
DN HOYYA Ty DMIWINRND MNIPNN MINN .DMN DY DY ¥ap NPDIDOIN DNI»PH DN
NYIY L0237 DN YD DIPIAY DIRY PP ,DPNIPN NMINTITOND DIAYNI DN TN ,DXDNDN
D ,N0N DINNIDY D1N DYDY WSND DIND DNYI DYNNPN NINTTOND DIWHYN PN
NIDYN MNNPRN PNITONN AR NN P 1Y T N NN NIDIIN .NMIT0 DIPN OXNYN
D»P ON,DITONY 21V MDD ¥ 1PMIPN NTNIN Y DXIPNI .ODMPN 51T 7D WHv 1IN NN
MY PN NN N3N .NDNID DIODIVIIRND DPIN YNINND 121D 1DIT 72y IToN
DIUPN I3YN MNTITON WYY YN YN PINY NN AN NN 71INRIT PRI TINT NPNWIP
DY) NDIPR DY IN DMNN DY 1DV NNV 51NN NN TIX N MIN .0MDIND HIPN MNN P2

INOPNN

Y'n "NITX 7¥ nonn niynwna 9.1.3
: DOV NYI NONMNN NT PYD NANN MIPNIN

NPNN YN DY NPAN-NINDIDNINN NMYaWnn N»nN1a .1
TMIPNN MWD DY NPNNINIDN NIYAWNN NN .2

LOTIP PYDL IPOI PNDIPRN VNN ,NINN PN DY DIWNM qON LN

ANINN Y ONTINNN NINO — 9N NIVAYN

YN MINI INRD DY DMYIV DN DY DOINN PN IR 112107 NIN DY MINDINNNN NPNA
MPYN DY MIRDN DY DY NPDIDIN 71PNDINNINND YAVN DX TH DM9IMNNV DY HYI ININI N
DNMINA NI ONXN P IOV DY TINNINNN INNY DY DONYDY ,dvn HY mMusan nn)

NP 02N OXNVY DY YIINN IN NN NMIVINID

NVINT — PPN DNMIND YOINI HNN ,ININD DOV NN DPPNNY 01D YN NN 2N NPNIN
VYA AN NI PINDY IPI ANIN DINN IMN — MOND MW ,TIT ,IVOI WP NDMINN NN
TPNOPNN MAIND 290,170V DY INTITHIN 29 DY) NOVOTD MAIWNN INNN 1Y G0N NINNN
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N DYXANT MNXITPN XNOYI DXOVN 9917 Y197 2NTI PN NN ,INPNTY .ANINI NPV HY (ONIWAI
PV 1IN DI

,7999 .92 7PN IN TINP N2 NI NPNN NN ORN 1N 1YY MITHM NYININ 2MI
NN MOYNDY ANINA OINMPN DONYN DIVYNNDT NMIVIAND  NPTINID POIND D1 NON DINN
,2ANAN Y THONIPND MIAIINN NNIA MOYN MIAPY .ANTINN HY IPHNXIVDNN MAINNN NN
M DN ANTN INDINNV Y93 19YW POUNONN N1IWNN NNPRNNL N9

2NN NITNI MIN1NHND MYV

;NP NN MIIYN OY DIONS HY DIND NIYW DMPY DINND PN NN TPANINID N1PNIN
NINMP MOIYNI MON RID NINNNY NIIWN NYY N

MWD DY NIWYM TYNN IWIPI NN MDITIN OONIN MDIWNT 1IINTY OINN NYY A
M1 ST 1TON DOYNN DIXIIY NN DY SN2 PND INNX DY TIVHN .aNINI MNOP MAI»N
NPYRIN 09NN MIDIWNY 2892 7PN NN O¥ININ NIIWNY NN O

IN L8 NN Y, YA0 MNMNYD DMANNNN NN NN 1IN MY TP MY YY1 INND
2NN NN 1N MY MNNYD DMIDNNT PN IIIN D7PR MWD DMIINNNN PN NN
YNO0NY IN DY KV DAY ;159 D5 DY NYDI NN NINN MMIN NN 1ND TN .NNNDN

.D”I9IN2 N

PV V9NN DIPHY MONMAN YITN MNOP MIPN MWD DY PYHN DOPNd 1NIY MTIP1
TOIND NN MTIPI ,TANN DTN ,NNY DL NMOY ,VIDOW) NNMPN NIIWNN PIAD NN MINN
Y NPT — ANTNI MINIHND MTIPID YN MNP WHNWND WA D (M1 TN
NYYIN DY YAV PNN NPNN IMMN NN DN N NVINNY .aANINI MHMT MNP TNV
NHPN IR MDOPN IIMAN MWD 8N NPIVARN NIN DININ I¥1Y 1PINON-NIVIVVDN

.MINOPN MIWNI MIDIND MYTH MIIYN HY

yY'na NITR 7¥ ‘X700 punna 9.1.4

MMIN DY NPAY NMIYINND LYPIP NDOWI NIDN THPHDVINVN NV NMINID D) 1) 7PN INNIA
AP DPRNM NN DY NPYI INMYNND MDWY ,TTRND .0OMN XY PAD DTYN P2 N
NXT DHYY NT IWPN DINY) 1901 .DINNDN DINLYN DY IRDPNN TN YN DN pwnna
: DYNIN OYN NYTH NN NND
90IN DNXIND IPOYA NN ,NIIWN TIN DN WH TYONIPNN NTYN NN TIYo NHLI ¥ DY e
MUNN D915 ,20°1 17201 MDYNM RYNN ON ,THRND .WITIN DN 2992 0) ,MYTIN
DY MYYY D51 1PN DINROPNN 21IY NI NIIWNN ,NYIN INONIVIDN
YD YN TIY-INA 199D NINHN NPYWY INTI . TIDY-IN NOINI MY NPND WYY @
NNINDD DINOPNN NN DY
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NYNNI YOYA DPNY DINIPN ,NNT DY .NYN DININD OPYN Y IN YON ITI0 MIVON ¥ e
DONY NIWY INWY 1D NN 12092 ,110YTY 1IN DY MYPNNY oMwyY 153
MANYN NPYHY INTI .PPYNL NPYI YW 1TIV XY D TN ,2008 1PNDA \1IYN NONNNa
Y2 MNT NP2 IYY DIVPD NP9 191 M1 NN PIND Sy NOITHA PP v
1IN NON DALY YT YTRNN TINA MYOVI 57PP NYOI NIAYY NRNDN DY DOYIYN
19702 D) WIDY MIYY 11D VOV .MNIN DYDY DOV 109N DINIPNM ,07PPY NINYI
TNXY DN Y9N DO NYNN DY DOVPN DIXIIY DIXY NYVI ,NNT DY NN NN DY
.N9I09 GND NP

INTI (N2 DN ,DOAVY IINTI) NN MNIND DOVINN DINVY NPINND NONRY @
STV TIYAN RYND ONMONNDY PIHND

yY'n NIt v 1oni 71nn 9.1.5

NIYN DY DPDDIVOPNT DALY NN NINT PN SN DWW TNND W) D017 DMIPN]
DYANYN NPNY DMWY ,NPNIYNN DPIYY DPOA ,PRY O9ya NND S DTN DINLY
,TPDIPH NSMIN ,22) DM MY LYPIP DY MY ,ON) MY, 1P MY N NN 91002
DMWY PNV OOYA DY DIOIVINN ,DOMYD .1N2X20N NND TIVNN ,D7PP )70, TPINIPN DTN
DINY 0NN DT TY YPIPN DX TV OROPNN DY DIVINRN ,IYTY D DY OTHNN NPND

YN MNPADY 9IMIYY DNIN NYINT DX PRYNY 7D YPIP NNDOY MY DY DIVINN

: D977 1992 PTHNY IWAN YN NIN YPIPN Ty XYM NN
(32 34 N7HNA DITHND DINIWY TINNN) NNVIVVD NITN .1

SV MYOINR DAPD NN |3 72 3¢ NHNA ITHND 0NN DY NI NLY MNP NYDIDN NN D5
DINNA PN MINX PTHIND WITTO PN NN PIYD MONMNN WP N1 MiPNn MY 1P nMva
VAN Y 19N INKD .OIDID NN TDNMD PTHIND IX NN HNIN AYINT IR DN NYINT
¥ NLY N YNIN AT DY HY IN W HY DLW I IYINIT OINND YPIP SVIDOY PTINYD
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d=designdepth ~~""*=
Original ground line

channel

Ridge diversion

Diversion T

Original
ground line

channel

road

d = design depth

Channel diversion

d = design dept
Combination diversion

NPHN NVYN 95 DN T9Y TIT NNNN : 9.6 'ON DOVWIN
(Erosion Control Handbook, 2003)
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DOMIN-MBDY IIND M) TYNNA YN 00V DMIPHNI YPIPN DIPXY NPRTI DX PNAY 1D
MININ .DNMXMN DXNTRI PN PNIOY NPYAN DN NIN 7Y NINAT NOWNN-MYY I¥» 1IRN
: NI 19INT IXPI NMNY LN MTIPI YIIND Y¥IN?
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I POIN
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TR AL
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IXPN NNV, NMYIN T DY THXPHN ,NIIND IRITY JINDN PIAD,TIIND IN INPN NNV ,NLYAI

STYIRDOIN

1177192 DY2ANYHRM TINH DOPININ ,71PYAN MNP PAIYN MY P2 INDD NDON PRY NT2IVN
MTIPI DY DMIINNN PAINYN DY NYavN ,(5°v0 10.1 — 10.5 /DN NINIIVHD DYINND TWIRY r9D)
N9N NPYA 555 7972 1997 ,YPIP DY NPYIY PNINS NNONND DY NYPN 1T NTIY MDD VINN
DMIPOVN DIPNYN MITHY NN DNINMH DNITRNDT .(MYIN W) TEPNYN MIATYNN YPDI MIND

M2YaN 9 MOONNN NYIAP POIN HY WIYNY AN P OMYNHND ,NNNN NP
JNYMY

T30 NY"Ina aypwa anivna y'w 10.4.2
TN WHRNWND Y1 0010 NIND YPIP 1DW NDIVA MINIT NPNXTID YINA NVONN VONND T

(MPNN ) PPN PPN I8 XVan 1Y T (IRR) nypwnb monmnan nxivnn v v 521pnn

MY XV TTHINT .AYPYNNN (DINIINN DN TV NN) 2PN SNINN TIVN IR DONRD TWUN
5TNN OTAN SV TINA NNV MYPYN P2 TN DIRNYD IVARD XIM ,NYPYnn S¥ MmN
.02 (57 O1T0 DINYYY)

DN .Y TPNYIN NPRTI DY NYPYND 221N NXIVA NWY DY MYIN DY VNN MNP
.DWMY NNORNNDN NPITH SYNNIN NIIYH NNAD NN MWD ,DMPN 2802 NYNIAN KDY NN

NOYYH NN PNIIN-DD0 VAN NTIPID THERTID NVINND NYPYNNY NIPHNL 2N N¥IVNI
MIAPN ANIWN ONOPND OX .IMIY»H PPN INIVN OROPND ORD 21720 ¥ ,0»P 2¥N3
DOINNND ¥ Y1) Y9N IR DI ,¥2N I2T0 ,NHYPHN NPN NN TR ,INPN NNV NMIYIND



186

NPRY IN TIIND NNV P OIRIPNN NPNIN TIRTI NN DN .IT 7P PNINAT NPITNN OYNNN NN
L PDY TND NI NINY DITNNDD NN NNYY IVANR T PITAD ¥ ,IHT POIN D1 INYNIN THINTI
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YD IMN XIIND T, TIIND

nL7NNN DIV NaIVY o'waTI DM 10.4.3

WINNY 19D ,7PYAN DY DIPMANNT DIIVNION DIVIT ,NXINY DYYO2 NKXMDN dPYa PNAY 15
YNNWNY IWAN 7PN YNNI .NYITIN DDOUPINND MNINN NI L,10.1 — 10.5 'DN NMINJIVI
210 PRI MINYT NPY 5 3N TNDY T ,NYN NPNY NPYIa

nrarzmnn nrraio 10.5

IATa X 2y N2yl nivinn noo 10.5.1

LDONIN MNIT PININ TNYA P IWIIN JPOM ,TIN NNVD NIYAYN ¥ YPIP NNDOY Ndyad
DY 19 HY MDY (DOYININ OPN TMDY) 110 MOIND 1N IIND S¥ APOYN 0,790
.Man

10959 MON»NN TIN2 0NN AYMN-MDYN MMIND ,TIN NNVD MYSYNN IR RVID NN DY
YIPOY NN NIDN2 DN ND IMDYIAL NPN NNTRAY PRIOPNN .INY IIT PN MDY VAN TP
NMYIN NPTHRN NN IPNY HINPNID TVNRD NN DIYY 1T VN NTIPN ,TIRD NNIVN

30 NTIPIY 27 HPWHD MDWN NPAIYN XM ,DININ NINTN 2995 MDIND NP

MW OWMT IMIN TTIVDY IXIPNN S DIOIVIKRN NIIWNY NPITHN SYSHN NN DIRNNT PN
PADY 991N ANNN IONIYIAINIPNN NX1T IMIANNI AWNNND ¥ NPNTI INNDIY YPIP MOV
YA NN DPRY DOVIN DY MVP NNIAP A 19NN MNP MOLIVWA SNIPNN NN
M2 NPYOYN 1T NP LD 199 .(OMOYIT NPN 1D YPIPN) YPIP IMOYI NNV-TIIR DIVIN
TIVN) HOROPNN YN NINY TOROPNN NDONPN AR NOTYTH 0) 752 ,9onNm D Ny

295 TIN PON NNHNNNAY YPIN A8 NI (2007 ,MINOPNN

Yyipn am'w nirvaa (aa 'nn) ara 1w 10.5.2

TV N APD DY YR MDY MO JOI NAOVIN DY YTNYN DIMINN DN DX NINY 11D
12) MNTN P2 DN IR IRVIAN TIWN NYIAP DY T DR DX ,TID . PNPNY OIRNNPN NN
JTNYN NYON NN NN
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NPNIN DT TIW YIP) 1Y IDIND PIAY NPTHN NPNID DT TIY YIPI 12V 1PIRD P2 HTIn W
N0 YW NNT DY .INN DOVN PRI ,TPINT-DY NN DINIIRD MNINHT ,NMIYIN NN ORIPNN
DNINN NPYH DN YT YAY DO PRYN YPIPN VIV DNYA MINTY OXND YaNn oNon
MYIN DY NVN NTIPID DNININD DN DX NN DIWNN NN LJDD 1) MINI OMDIDPRN

.3%-5 Y 12> MYV
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2%-1 DOYNIND DY P9 DN DI NI ) MY MPOPTI O) T N Xwna
.2%-2 DN DX

07575 0702 win'wil ax71a11 ninartn v'won 10.6
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MYSNNI ANT MYYD 121D NPTHN .PPY THY IR OXOPNNY DMIRNN PIAD 7POY THID NN
DXPON) NPYTHN SYNNHN NPT SYNNN DY NYYINI NXVIANNN ,PIVN DY TEINN NYOYN
NN DN DXIANNN DMDVININ DIYNANT .0M93YD DIYNNNDY DMDVINT DIYNIND
P2 NN DIVARD DN DAY NI PRIPNN DY NOVIN-MOYN MIRND DX DINN T2, MY
-MI9YN NN MPY MYSHNI INIPNN X DXINNN 093997 095N NG Ny L.msn
oy TNN P2 MYIYN MLYNN YaPY INMIN OXTTIVNY PMOLONN DY DXWIUN T ,19¥ NN

N8N DIVIN

NOOON NOMINN NN PANDNT N PRIN DY NYON MOYN NN DNOND NN NIVNN ,NIND TWNa
.0YNNN 92PN SNN INYINND

12202 NYNINN NOIWHNN 10.5 /DN NPV ,DXWNINN NMNINIT OXVNN NPPTHIN SYNNINN PON
TPENOPN N220) YPIP PARYND NINYND MNIPN MN’AY MHMY-17 TININ NN NN NP
NIMINH/N MNYN NPYID 1T NN DINNNY ¥ PNYI VNN NN (2007 ,MNIPNN TIVND)

MIN PYYNY ORNN NYI-NHPY DIPN PN N

DPAN DY PAWNY AN T3 9355-11 HTINT DAPINA NN I NN-NANA TIWHY Iphna *
NNNSNY DXYINN NPION PN . TIDYN ML) DIDYTIN SIMNND NN DNYNN 1) DIHINN ,NPYIMN
PN NN D INSD DIPINND .NDND MDD ¥ DNIY DONOVYI DINON DN Yy NON) YN

(Sattler et al., 2008) .n12>vPax NN ONY DIV X ,DI¥IHBNND NP PDVPON



188

NPYTNN XYNI OXPOIWN DINYPI OY NIMYN NTIAY OINON NV PON NYY» OXNIN MNY'T2
PO M

TIPN YIpn Yn'Y N'ON Y nvin-niy nina 10.7

DN MNPHN YPIP MNOY MNYAN MOWNIM NMYY RYN DINNI DIXNPN SNINN THDN2
,(121 DOPR LYPIPN 9IR) NLYWN INRIND TIND MY YPIP INDY MDD MOWINT NMDYN
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DRONNN OMMN 0T 0322570 MNY NMNTY NNXIN OXNYDY ,XIN 19INI 099N DIN OIMNNIN
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AN NN PRIV DINN) NODIN GON TIDY WA
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S7PPY MNOPNN TIVN 1PN MY NI 0913 3T Iy DTN (PIPING SN ,NIYTY) DY TIN
DYINNN DX (DMMWN DX DY NPNyN ,NNTY) D19 DOV DN PN ,DIIN .00
DY DY NNOY) INNOY SWIP Y IR NNV P31 981 )9 Y .90N2 DDA DXYOVN DINRIPNM

.02pw

12 .(Morgan, 2005) m5Y Dwp DN OIROPNN DIX NIVNI DINIIN DN N0 PPN 990D
LONTY IOPR MPNX DY NPHRONIVIIN NINKIND DY NN NINYNN YaN SWIPN [, INUND
PMININ NPNA TIND INY NPND NWY (1191 MIN,TYWI ,NNXY N1NIN) PN NNT DY MWDK
MINNK .NTRD NP DX TN NPTRY NXD NYY 13D PR — DYITN N0 IMNYa MOND
NOVIND NN GPYN PN (N1 NTIAY YT ,D2¥7) 1TIRY MMWYNN NMZY MADNNN — NY> NN

LDINDPNN YT DY YRR N MWD DY NPNTIN NN DY NYPNY ,YPIP Y98 Ny

NPVUY) 1IN NPYY NIV YPIP AN DY TNX D3 DINTN : DINNN YPIP NIOY DY MNINN
¥ NON D3 (TIDY DIR T0WN DV NIPNA) Iy MNIWNA NIDN L(NOINT NN MNN 110N

A(NINYOYIAN DY PN - TINN) NPDIYD NMIYOVN

.DMVYN DIPNYN SV VIR MTIPIN YPIP NDWH MM NMOY 1IPO» 19N DXOYDI
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ving yin'w nity 10.7.2

21T DTN MIPA NPOTIN MY DY NMDY
> Dy 2008-2009 DMYWA WY NNY MTIAY NN ALY 112 VYDA oY ,10.6 'ON NYIVA

DNNN2 NHDAWHD NMOYN 9D N9 1N NYIVN YPIP DIPPY DINNI NVIA-INPY NP Mw)
MY NIV YPIP N L,GND NN NP IONNK D) DINY NLY 7N DY NN ,DIPPNRY
MM N520N (11D NYIN PNINI VPN MIRND IROPNN DY PNINN ,OROPNN NLYD DN DIPNH
mMoya MY Y ,MYIN T HY MYANN MITIAY YPIPN DWW NMDY G271 22)0 ISP TON

STIRI DYTY Y9N YOTIN YN

PPN MMV T DY YPIP OIPOW TITIY NI MDY : 10.6 /DN 1HAV

(V32 DNPY PN MVYI IPIRY 19)

Mo MbY () MYY NN (D) DT moya oyPn
125 50,000 400 V 17183 1P Iy NIToN MINI NP
25,000 YW TUNN
325 65,000 200 =V 17183 1P NN
30,000 5PN PIAYN
77 100,000 1,300 DYNYY GNDN XY NP
60,000 9913) TVIN DY) 2N DN WITH
(DoyxN NPIN
100,000 Y NNYNSY NYTON oy M 1P
NITIN 218 GND NNIIN
70,000 NIV DY NPRNM NP Iy 195
moym o¥on)
54,000 PN PAYN
57 40,000 700 P MOYN 1IN
60 60,000 1,000 *** HN) NYTON
30,000 PALGEZARRLY R ok mnT
90,000 YT DOYNN Y9 71T

NYPYNN MOSYN N8N XN DPINNN MDY .DNYW 5-2-5 NN Y815 ¥ 11PN NOYN NP1 APINN *
.OYNN NP2 INYRIN

NIV N 1) NYIN SPNIN I NTIAY 5112 ,)02,YPIP NIWIN NYDID Y PR PIAYND KW IMDY **
DY) DYPAYN 5D TITA NPPNN MWD .(NLYN ININ NMMVNN NN MHNO) NV m 40,000-1 595 7772
SV Y1 NPINN YSIY ¥ .0MP NNY 20 79 DY NDIN NYPYNN .NPYRI NPROPN 0YI772 DRPINNN

.DMMIYY NNKX KW MYSNHNI INIPNN T HY aynn
NYPYNN MOYN TIXNNI NN NPINNN MY .DNIY 5-2- NNNX YN ¥ YN NITON DY NNN ***
.9N3N NITON2 NYRIN
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LPDINY 99 DY 1PNT) DINIPNTN PN DM DY NYPN TUN ,NTININ DY 98
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NO NHPY YT L(021PY DINY DY PRI AT BY NHPNI) 1IN N DOVHNYNI PRI NPONN
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DMYIN SONHNND DY NYNI DIV PORN  -DMMNT NMVYN NAPYIN TV INOD PN
,DNIIN 279y NPYIN NIT T DIPYWH ,DNONRIPN DITIOR ,APRIPNN MITY YWURT ,NPYXNINN
PDNPN NI DIV MPIIOV

ONDY ONIVIP

.D»P YN DIV POON

9595 NN )
YNNIV NYPYNN NN YPIP DN -1PYO5D NYPNIN YPIP NOHD DY Myawnn nyna
MYMN PX09NY TN DY O1OTIN DOYNNNA NYPYN ,YPIPNN NN NN NN DAP0 NN HY NINY
VPP DOND

SPNN ORI YPIP NDOY NPITH NWIAP LT
IRIYD DNNRNM D22 OININNN 29 DY YPIP MWD MIYIN NPOTRD MNIPY NYap

1) YPIPN NND NPYI PINAD MYNN -NPNIXR MXYIN 29 DY NPIVNIAINN 21V PNIND MYNN
. DOV KN 952 NN TNITY OIPINNDN 29D

MYAMIND NN YPI DY NPYIN OY MITTINNND DIVNIND DIYNNIND NN
.DONN MINAD NINNIND JTOIN

MDY 9TO 7AY PN MYIY NTIAY NNIDIND NYNN

: N9 PINNN NYNN VITAY MNININ MAIVN DIVIVIVN YD NN DYON NTayn .2

1:100,000 1%7p2 D»IWNI DOYNRT MITPIND MIN DY DINYD DY MY Non

VY19 NK12) .G.1.S N NOIYPA NAOWH 1: 25,000 N3P DN NLY SVIDOY D91 YHH N9
(2) DMIND Y, NYIN ,MNHN ,O0VON PNOY VT DY W) ) Y05

.1: 25,000 Y¥ 17p2 9pon 255991 X Y35 G.1.S 1 no9yNna maow npan

NP0 Y YPAPN MDTITNN NPYL DY ONIND INDM NN

Arc-Info -2y Arc-View -1 701 71259 NIWANNDD NIDIN 11791 12I0INY MIAIWM DIXVIVIVA 9
NMIDTYN MNRDMA

o ® N o

2.1
2.2

2.3
2.4
2.5
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POVLIPT NDNA 0N DTN PONL DY WY DDINDNN YD 2.6

2.5 9yoa 0w G.1L.S -n NN wiowh avmnn pny vwanb v 2.7

ot My .3
DOVUTIN NYIZY INNRY TURD .NTIAYN TININHD DOWTHIN NNNY TINT IPON NN YN PINHN

TNNN DN DNVOY NY NT WP DOUTIN 6 INKRD /N.17) PYDI NNINXND NN DIDIOYW NUNI NIYT WA

23173 PYDA MNNRND NN D1V HOND N7YT WA DIWTIN 8 M2YI) /2.17) Pyoa
PONNN NIY DIV MNIPNN TIVNI NP YPIP MDIYI QIRM DIPMIN MY 293 INY» NT Do
.Nan 25vH

NOYNIY MINSPN NN .4

MYINN MR MINNID MNY MNPNND PNN MDY NIYPN RSN NPNY DDA 4.1
.DNIMIN DY TN NLYA NPYIN NX INNRD TN DY NLYA DIPD YN PO 4.2

,D22W1N PN DY PN YPIP NOWY MR DY PN MY DHINHD DY VP T Ponnn 4.3
7932 TN 7PN DX NVYWA DNX DN YD

595 TIPOIN MVYI DTINND DY MIRIPNN TIVA HY DINT HNKD DX DY NNIDN NNY DM PONNN 4.4
L019YH NMIONN NN

DX DYDY HAPY PINNN DY INYIN IR VIVWA NTY 792 PN VIVWY DXPINN NN P PINNN 4.5
L0IDWN MIYN

IPMN MY OTHINNKD WP PINNN, 0NN DD N1 4.6
YN

VP90 Y¥IN MY TN HPNN MYISY N7 9N e

JOINN ONY 2990 NN UNIN PENT PIn Yy e

LN A9ID NYSNA NN JAPY NINNN NPX MYIN e

RPN TIUNAY NP YPIP NMNIOY PIN DIDY -9P0N NYNY SN @

a9 Manoa
VY )
PN MY 01NN
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1199293 0OI5N DNWIND NIIYH

YPIP NOVADIYVIN.Z  MNIPNIDIDANVIN.2 VPP O¥THa DD wn .1

NDINININIDY NN

DMNYN DY 3.1 mMNIPN 2.1 ypap 1.1
DM 3.2 NINYHN MINOPN .2.2 mypIp MSToTN 1.2
YPIP NN 3.3 Sy3 MXIPN 2.3 ypIpn Mman 1.3
NN INTY 3.4 YPIPN OpPINn 1.4
ANY99-IN 3.5 P2V MNSPN 2.4 WPN 1.5
Y DWPIN 3.6 10T 2.5 YN N 1.6
0092 5V 3.7 NOHP 2.6 mNowN NPT 1.7
DY NN 3.8 Wn 2.7 NI DY 1.8
12 ONP 299 YY) 3.9 o .1.9
TPXIY 1O .3.10 WD HIN 2.8 mono .1.10
(©>759) novn 2.9 DWIN MOV 9N .1.11
nNoN MoIv .3.11 MHLVLYN NOND  .1.12
NPT I OOV .3.12 MOIN NN .1.13
YN MoUIv .3.13 NNy 114
(©23) N7 115
D1 (P2°M)) 777 .3.14 nonA 116
NNN N NNON MOYN .3.15 v 117
NRWVYTH MDY .3.16 PYy 118
XPNANN - L3.17 M UM SN 1,19
noN3pPNn .3.18 mINPNN .1.20
ma2awvn .3.19 piping Mnnn  .1.21
NN TINNY .3.20
MY» .3.21
MY DI .3.22
mono .3.23

DY MY .3.24

DYIPN NPAYY D5 .3.25
VPPN 73 DY INNN
nY’NNa oWl Mapya
PARLT

NNV VN .3.26
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MNTIDINMINIDY NN ,¥79P Sy 11 DDA NYM .1
¥pIp 1.1

YR v L1111
soil :term .1.1.2

¥ 1YW IN 191D MINNN) DN 1N DY (211D) NIPN NV NN YPIP NI .1.1.3

YHYAY YAV NMIY MNNANND YN NPNY 91D PRIN NLY N DY NN ,DMYN

NS DN — NNNNNN MNINT MYND 0P DNV DIPAIND NN YPIp .0MN

LDTRD MINOMY JOT ONNIN IDINY DNDNNIN-NIPIND NOPDN MMM ,DIPN

TOTNN NINOT I DTN ,PSHM — MIND WIDY 910N ,0UN N1T 90 NN YpIpn

NYIDNI DOYY NPSIN NI AMDN JOX PN YA DNN MDA TP

, 72592 NN NDON NN YPIPN) DN N9 NNONI NTIPD NIONA DN OINN
PSINN NINO MNYI XD TN (DN ODYI) DMIDINININ-ITIPIN MDY INNIND

,MN0 .C -y A LB 0y maow N2 MO YpIpn Yy DOYNSN D¥YNNN APy
MY AN-IMINA P DOPNIN NPYS YPIPA YPIPN TNND NON DDTIN DTN
NMARNNT - A DY PN NOLWN NA DY I8N K oy .C POND I TInN o3
POIN NN P MDD MYPIP .NPOIN DY TOON D) DXNYDY MNNIN IDIN MIIVNN2
PN DY .DYN 0NN MNTITHL 19D DNIND DNLYA NMNN C PN NIA
12 AWR (NN IN DIN,DITN 21719) V92 ¥ax Hya B pox C poxd A poIx 2 980
noN DNMAY YPIP-IPON IVOYN YPIPN NIOWN NALVIN MDIND NIOINN
N (B) Bca, paxa yainh 03912 DM Ca. PAN DMDN ) HY NMHYN MV
mMypPIP 37 IR 7Inn) R paxd 9mm 93 sndan ann-yoo L(C) Cea. pona
,YI0N NN P2y My P ONIW-NIN

.(http://lib.cet.ac.il/Pages/item.asp?item=5232&author=959

(NMoN MON»N) o VN .1.1.4
;DI PN, NONT 115

http://www.edugal.org.il/hokrim/concept/mu068.htm

1.1.5 9Py0 NRI DN INIONT  .1.1.6
1.1.3 YO IR :IRIP NP 117


http://lib.cet.ac.il/Pages/item.asp?item=5232&author=959
http://www.edugal.org.il/hokrim/concept/mu068.htm
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MYPIP Mo1yn 1.2

NMYPIP MSTON :awmn.1.2.1

soil degradation :term.1.2.2

(NP PYHPIY DYDY YPIPN DY OIIINT HNINIDIN N 7 TIN.L.2.3
(MON MON»NN) %91 VIN.1.2.4

: VIV ,IPN,NDNT.L.2.5

Manifestations of
soil degradation
Physical Chemical Biological
Decline in soil Accelerated + Salinization + Leaching Decline in Reduction in
structure erosion * Alkalinization = Acidification soil humus quality
 crusting * waler « Mluviation biodiversity & quantity
* compaction * wind
*+ anoxia
* Reduction in biomass productivity
—— + Water pollution, contamination & eutrophication

* Decline in air quality
+ Emission of trace gases to the atmosphere

1.2.5 PYyO NN : DIDNIN INNT.1.2.6
;NP NN NPN.1.2.7
Lal, R. (2001). Soil degradation by erosion. Land Degradation & Development, 12 (6),

519-5309.
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yppn Man 1.3

YPIP MM dW.1.3.1

soil structure :term.1.3.2

DXPXINN DOPIPINT DY >aNINN NTOY IN NDWO ONMNN YPIPN 13N NI THN.1.3.3
PN DMN 9T MYNNNI FTNN YPIPN NN OYPIPN N (D2IXNN) DY)
N N2 DRI OIMYNYN GHD N9 NTNY NPNN X M NYYA YPIp .0XTIONN
LN INPN DYTPIONN NMIAN NAY YPIPY INNYNA

(NON MON»NN) 29 VIN.1.3.4

(NN MON»NN) : VIVIV ,IPR ,NPNT.1.3.5

(NN MON»NN) : DIPN IN NNPNT.1.3.6

(NIDN MONMNN) : NP IDIN IN NPN.1.3.7

yppn opMm 1.4

YPIP OPIN dWIN.1.4.1

soil texture :term.1.4.2

VYYD 9N — DNV ITNOYOPN NVIDY P2 DN 3 DY 1TNN YPIPN OPIN :1ITIN.1.4.3
YPIAPN IMANND NN MIT YIP 1IN DI THN 9D DY OHPIN DTN .POIN
IYON NIV, MYIPN PN MXIAPY PON) YPIPN OPIN .DMOPIVAN D»IYON
NIDNYN N NPDINN YOPN DY YONIN IPONY DI N8N YPIPN 9IN DY Tndd
VIO IR NPVPN TPOINN NN NMDY .NY GND 292 NIITNYY YPIPN MDY
401N .9NDI N NNNANY NYMDN T YPIPN DY DN NHNN NIX DYDY NTNN
S PT 990 1IN YV GNDY DYION DIN NYNN NN MOIN NYION o0

(N7ON MON»NN) 91 VIN.1.4.4

;0 ,IPN,NPNT.1.4.5

100

100 920 80 70 x 60 0 30 20 10

Percent Sand

http//www.soilsensor.com : 1pn

(NN MONMNN) : DN N NNNT.1.4.6
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(NHON MON»MNN) : INIP AN IN NPN.1.4.7

"N .1.5

(9IN5N H919) M TN :IwIN.1.5.1

(infiltration) penetration :term.1.5.2

1YY AUR VPPN ON DN N ANP NI YPIPN Y NTNN N9 (7T 1.5.3
PN YN YPIPN DY NTNN N1 .GND N9 YPIPN MDY DY NP NYawn
M¥NONM NNXAN NDIDY ,NINTN NN ,INNN IDIN NDIDN ,MHANI OPIN : DN
NIV DAPNNY DI YPIAPN HY NTNN NDIDI NIY .MNLNOININ IWID) YPIPn DY
90 DN DY PN NYNN NYINI YPIPN SYN DD NS DY NMONYN 1T NNOYN
D0 ML NI MVPN N

(NHON MON»NN) 91 VIN.1.5.4

;00 ,IPN,NPNT.1.5.5

Soil texture: Sand Silt Clay
Size [mm]: nos-2 0.002 -0.05 < 0.002

(] 5
J

Macroporss =+ + +
Medium-sizedp.  +t ++ ++
Misroporss =+

(+ ++
NN l l |
http//www.cartage.org.Ib : 797pn

0N XY YPIP TNN TIT DD NN DIV IN NHNT.1.5.6

50 cm Il Stained area
—em !
B Area above seil surface

Figure3 Dye patterns from two different sites:
Rietholzbach experimental watershed, Switzerland, (a) and
Heitersberg near Zurich, Switzerland (b). Note the
spatial heterogeneity of dyed water and preferred
nature of water flow vertically within the soil profile.
A color version of this image is available at
http:/iwww.mrw.interscience.wiley.com/ehs

(NHON MONMNN) : INIP IIN IN NPN.1.5.7
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oY 930 M) 1.6
YD) ) M dwn.1.6.1
runoff and surface runoff :term.1.6.2

MSN5 770 YN PIND LYPIPN M9 DY ¥ IUNR DN 221V IN 7N NI :NITHIN.1.6.3
PONN NIN N DN IR P MOYND NN TY NLYN M9 SY DIVON MPYAI
MYPIPA TONMY N NTTIN D PO DTRNN N YPIPN ON SINDNN IPRY DWIN DY

Jinterflow v ypapn 91 21w NY9m WX NNMIT W Y
(NON MON»NN) 2291 VIN.1.6.4
:0IVIV IPN ,ONT.1.6.5

(a) Infiltration excess overland flow
(also called Horton overland flow)

Fraction of area contrnbuting to
overland flow

vi

(c) Saturation excess overland flow

Variable source area

.Beven, 2000 :pn

(NION MONMNN) : DIPN N NNPNT.1.6.6
NP AN IN NPN.1.6.7

Beven, K. J. (2000), Rainfall-Runoff Modelling: The Primer, John Wiley,
Hoboken, N. J, 355 p.
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MHLYN NI 1.7

NLYN NPT :IWIN.1.7.1

sheet flow :term.1.7.2

N D) DY NN NAOWD DMLY NINITH 123 DY 1D — PNLWN NPT : NITIN.1.7.3
NTITY NI .DM2INN DNIVP DNV HY GOIND LYY DXOIVIND NINTTH 1) DY
N1 NYYY TANOPY NN PNVWYN NPT .NPHRYNN ITINI TN ,NITHN NOYNa
MPINN NPY2YN NN NI YIMND NPIVY DY) MDY ODIN ,NONN NOND
NYON DI NN ,NDINI TINNX NOYA NN R 0T .00 DY NOYNDN WD NN
DTN KO YRR DY OV

9 VN.1.7.4

;00 ,IPN,NPNT.L.7.5

;DN N NONT.L.7.6

SN IIN N NPN.1.7.7

NN N1d9Y .1.8

NN NPT HVIN.1.8.1

concentrated flow :term.1.8.2

NN DP2NN OAIYN NPND 290N PMY NOYA NPT — NI DY 177IN.1.8.3
DPYAYN TPNVWYN NPTV NINN NN NNAMT YYD 7771 .0MHN NOND WD
(D¥9N) NMNVP MOYM DWPY TINY NDIIN DINWIN NIPW ,PITHN TIN2
ANPRYNY DPNITHN MOYNN SW NPNN IWAND NN DR PRW .¥PIpa
DPNLYNI NI DY NYONN NI IRNYNL DIITH YPIP OPPPON NYON 19

(MON»NN NION) : 291 LIN.1.8.4
L.6.59PNR NN : VIVIY VN ,NNONT.1.8.5
: DYDON IN NNNT.1.8.6

- 1 Mt
(NP NN NPN.1.8.7
Beven, K. J. (2000), Rainfall-Runoff Modelling: The Primer, John Wiley,

Hoboken, N. J, 355 p.
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9no .1.9

qano :3wn.1.9.1
sediment :term.1.9.2
TOYPIPA YWY MV/D2 2T2-9Y 9730 IN NYV/D2D T~y qGnoan 1IN : NATHN.1.9.3

YPI LYPIP DAY NNNNI NVWN M DY IN OMINNK DM 9)) , 091> OYNINN
IN PN TONN YT 5Y NNMAN YPIP NAOYD DININY DIPII DN YPIP/gNon
Y9, (VPP N2OV YW O DY) YPIPN MNDI NP9 121N YOO 1171 .N9ND

(PAN) 9MIND MDINDY PNNNI ,YPIPN NPNN2
(MONMNN NION ) 291 VN.1.9.4
(MON»NN NIDN) : VIVIVY PN ,NNNT.1.9.5
(MONNN NIDN) : DN IN NNPNT.1.9.6
(MON»NN NIDN ) : NP N IN NPN.1.9.7

mano .1.10

mMoNo v .1.10.1

Erodibility :term .1.10.2

N DY MYSHNT GNDY YPIPN MYNID ON»NN MOND N :NITHN .1.10.3
MHONT YPIPN MINIPN OIMIRNDND IPOYA NYAVIN MPNDN .MI IR 7NV
NOLYN M9 HY POV PIMINND ,NMININM NPOPIVAN ,NPNIIN PMNON
YPAPN DI (NDVN DI IPYI)

(MonN»nn NoN ) > v .1.10.4

;00 PN, NINNT .1.10.5

>I|_ Rate of soil erosion I
1
et Of suil cmSion

Soil Climatic Terrain Ground Economic Social Political
eradibility erosivity cover

* structure « rainfall = gradient + biomass = deforestation «+ land rights « policies

= lexture {amount, « length * canopy & biomass « market forces = legislation

= water intensity, = aspect cover burning = wealth = government

retention frequency) * shape * root * conversion distribution « political

« infiltration « wind system from natural = health stability

* organic velocity * species to agricultural + demography

matier * water & diversity land use = social stability

content energy « tillage

«clay balance * cropping

minerals system

» CEC/AEC » industrial land

* cations use

* urbanization
| Susceptibility of soil to erosion ‘ | Rate of soil erosion ‘
_H Erosion-caused soil degradation |

(MON»NN NIDN) : DI IN IDNT .1.10.6
(NP AN N NP .1.10.7
Lal, R. (2001). Soil degradation by erosion. Land Degradation & Development, 12 (6),

519-539.
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ovIn MoV 9nNv .1.11

DY MMV G0 W .1.11.1

Rainsplash erosion :term .1.11.2

NI ,NMUNN YPIPN 29 DY DWIN MV DY ¥ININ YN DT PN 7DD .1.11.3
DINY MNIN DNN MDY YPIPA YIS NYA DM GND YNINY NYUNIN NN
DNAY DONINA I DT PONN . NTNN DTN NI NTPY 191,07 TIONN MIN
NYNN YN D91 DI TITN HY) Y9N 99N DY DX HY DNN NI YPIPN
N D) DI BWIN MOV NIN .OXPXPONT PIND PINN DX PRI MHLDYI
VPP QN DY) 3 DY YWD NN DNRNYYID DNY OO DIIIP

(MoN»Nn NIoN) M VN .1.11.4

: V0V PN, NINT 1.11.5

(MON»NN NION) : DIPNIN NPT .1.11.6
(MON»NN NION) : NNIP DN IR NPH .1.11.7
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MNOLYN NINY .1.12
NLYN NND v .1.12.1
Sheet erosion :term .1.12.2
M52 IN) PNLYH NN XN DNAY DPNOYN-PA DINNA NOND :NI1THD .1.12.3

Y2 NIT) MINK NPINDD MYION DYIN MOV NINN 1PV NYAN ,(MINNN
9ADY DIPINN DXI9DN DXHNN DIH1P NNITHRI (7P TIDY ,NLY 1157 , 09N

TOIOIRN NOND 21 (Creep) NYINT 1D 1YY »IHNN GOIN NI ONAY NIWNN L YPIP
(M7 MyxnNI)

(MONNN NN ) AN VN .1.12.4
:DIOW PN NPT .1.12.5

; (Rainsplash erosion) owy ma»v ano — [a]
; (Sheet erosion) >nown qno — [b]
; (Rill erosion) omsyy ano —[¢]

(Gully erosion) o>y qno — [d]

(MONMNN NIDN) : DN IR NONT .1.12.6
(MONMNN NION) : NP INMN I NPH .1.12.7
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NN Hhano .1.13

NN NOND 3w .1.13.1

concentrated erosion :term .1.13.2

DY 7INON .OMPNN DN PXIY YW NPT NIMDN NYANN N9ND : 7N .1.13.3
nnnnnD T (rills, gullies) Tnx 97oHn NPNTH MOYNK 5NN ,MSyna oY TN
N DY) DMITON DY MTH NN (channels incised) oaxy

DM VN (1.13.4

1125 AR 0IW0IWY,IIN ,NINT 1,135

(MON»NN NION) : DN IN NINPNT .1.13.6

(MON»NN NION) : NP N IN NP .1.13.7

nYnt .1.14

noNT v L1.14.1

creep :term .1.14.2

DTN .1.14.3

(MON»NN NION ) M LN .1.14.4

(MUN»NN NION) :VIVIVY PN, NPNT .1.14.5
(MON»NN NIDN) DN IN NNHNT .1.14.6
(MUN»NN NN ) : NP IMNIX NPN .1.14.7

N9 .1.15

NHOT v L1151

Saltation :term .1.15.2

YTON D7D DPIPINNYI WNINNND TONN XN P8V r Saltation :pyTn .1.15.3
9 DY DNYIND T M2 MINRD DTN TR ,0O1T) DOPNINT NN MYSNNI XYPTD
DN IWOX DT OYNN MINHDY OGN L(DXTAR DMIVN TY) DISP DPNINY YPIpn
DNYINY ORINKN SYNIN JINNN INT ,GNDN MNX IDINNN NNYD DY) DIPYPYNY
%9 YYD HYD 40 NI NDYT NTTND IDMVNNND NAND .AYNNN NN I OV
PP DNYNAY TY NYVLDOYYA YN DOV ,YPIPN

(MoON»Nn NIoN ) M VN .1.15.4

Suspenslon

Sakation

(V0 ,ION,IONT .1.15.5
(MON»NN NIDN) : DIPN N IONT .1.15.6
;NP AN INNPH .1.15.7

Bagnold R.A. (1941). The Physics of Blown Sand and Desert Dunes. Methuen:

London.



251

noNAy .1.16
NI N N NN I .1.16.1
suspended sediment :term .1.16.2

NN NINN DN YPIPN M9 DY PTN YOPNN NIRNIND 0N NININN I : NN .1.16.3

DXPPIN (107 29DR Y195 W)HND DD1N) DIVITI DPNINY INYDNY DIND) GHOIN

92 VPPN MITHY NBYI MNIPNN ONMN N 90N 1IN D 0¥¥IN NN

YPIP MOTOTN MIONNY BN N NLYN NION LTI DY GON NN D GHD P
.DMYPIVN DM

9N VN .1.16.4

;00PN INT .1.16.5
:DIPN N INT .1.16.6

(MON»NN NIDN) : NP IMININNPN .1.16.7
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N .1.17

NN v L1.17.1
rill -term .1.17.2

DNNN2 MNVYN 1PTH . PITHI NP2 NvPn Mdynn — (rill) N :pyHn 1.17.3
2179 .0TT2 ©IVNOPVID HY NYIY NI 1AM JPRIY Y5 T1T2 TN VPPN MONDY
MOYN MIXN DXIAPY DYPRID ,OWIN MND PIY MNPNI MOIN NMOYNN
MPINT OXNYY PNITHN DY NTPNN NNDD OINH TONN ,0INK MNMPHNI MYTN
NI N0 NPIIY DY MINNSND DAY DXaWa PX90N MIPIYNI NIDYN NN

o)

(MONMNN NION ) M VN .1.17.4
;DI PN, IONT .1.17.5

(MUN»NN NIDN) : DN IN NINPNT .1.17.6
www.nrcs.usda.gov/ NRCS : nxop amin wnpn .1.17.7
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L9y .1.18

P M .1.18.1

gully :term .1.18.2

I LI NOND MIAPYa NN NP noyn — (gully) P8y :nmn .1.18.3
2y DIV NXIWN 2N PN IR DITN PITH IWRID MNDN NI NIYY OYIR
912 MITHY DY 1DIN XN PN YYD TIT2 A BP0 60 PPV D 30
To91 DIN,0PNLIP ,0PNTN PWYI NV 99N ,00 Y MIay MOV : 110D NONDY
N2>20N NN MNINND NPY MIAPYD I Y YPIP MV SYpum npon
MND PPN NPY AT DOYY ,NNIN NI ,TONVPVL DRI NPV NINTY
9N VPP PMNN NNDIXD MDD MDY ) NN

(MonN»nin NIoN) M VN .1.18.4

(VWY ION,NINT .1.18.5

:DIONIN NINT .1.18.6

http:/tw034.k12.sd.us/sheet_riII_guIIy.gif :zm NN NPH .1.18.7
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(9Nn3n Pran) bnyn Y .1.19

(PONITN DY) TOYN NYI 0NN Y v L 1.19.1
river system, hydrological system ,river reach/stream reach :term .1.19.2
PRYTI XNYI SNIN THYPIP DN PNV Y0 00 DX NI YN DD .1.19.3

: (Strahler) 25mA o 5 o¥oMIN Mo
Sy¥a NP1 PN NN — PYRI ITO
MNY DY YION — MY ITO ; NMON 1Y
— U0V ITD ; NUNRI TTD DY DINIY
55 ;W T Yya DN NY HY vIan
INY TINI VT DY DN DY NOND
NN DY MAN ATON NN MYN N

RimRValy

N2 YIPRN MDD NIN DT IO
NXORD NTIOYTN

A 19PM)
(MON»NN NIN) 591 VN .1.19.4
S0 VN, IINT .1.19.5

STRAHLER

(MON»NN NION) : DN IN IOINT .1.19.6
(MON»NN NION) : INIP DN INNPH .1.19.7
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mannnn .1.20
mMINNNN v .1.20.1
incision, cutting :term .1.20.2
:7YMHN .1.20.3
(MoON»NN NIoN) 291 VN .1.20.4
(MON»NN NI0N) : VIVIV ,IPR ,NPNT .1.20.5
: DIDNIN INT .1.20.6

SINIP IMIN N NPH .1.20.7
Ritter, D.F., Kochel, R.C. and Miller, J.R. (1995). Process Geomorphology. Dubuque,

lowa : W. C. Brown Publishers.
Selby, M.J. (1982). Hillslope Materials and Processes. Oxford, England: Oxford
University Press
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piping .1.21
1.22
NNND v L1221
piping :term .1.22.2
SN THINYN DTN .NPNDN IRXIND MINNN NPYPIP-NN M>NH :NIHn .1.22.3
.DMVN MY TY DY TVIPY DIVH MIRHD DY TIND TY DTN DMIVIVION
IMINNONN DY PNINKRD 25V YPIPN-NNA DM SY MWD MODDIN 0 MINHNN
SNNN NPXIY PN INOMP
(MON»NN NIDN) 29 LI .1.22.4
;YW PN, IONT L1.22.5

i
1
|

T

A ! RAINFALL
A i I | |
i = | | |
1 I
BC/ ! OLD STUMP : | |
| |
"\ HOLE ' v Y

RS
£ e
OLD ROOT LINE SUBSURFACE COLLAPSE

o \F\DHMS SINKHOLES

>~ JRANSPORTED MATERIAL
= DEPOSITED ON
SURFACE

:DYININ DONT .1.22.6

(NP NN NP .1.22.7
Ritter, D.F., Kochel, R.C. and Miller, J.R. (1995). Process Geomorphology. Dubuque,

lowa : W. C. Brown Publishers.
Selby, M.J. (1982). Hillslope Materials and Processes. Oxford, England: Oxford
University Press.
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MNOPHA DDA NYM .2

MNYPN 2.1
MNOPN :awmn.2.1.1
agriculture :term.2.1.2
IN NANN NPAN TNND YPIP SWIIWA POWN YTHM YT OIND MNOPN : NITHIN.2.1.3
DMINY N DYTIDY YPIAPN TIDYY MY D10, 00N DPPY NN NPN
(NN NONMNN) 9NN VIN.2.1.4
(MDN NON»NN) : VIVIY PN ,INPNT.2.1.5
(MON NON»NN) : DN N NNPNT.2.1.6
(MON NONMNN) : NP NN N NPNR.2.1.7

NYNYN MNYIN 2.2

VPP IwIN.2.2.1

conservation tillage :term.2.2.2

DYARYN DY D) DY VPP DI DY NAIVWN NOIYN NN NINYHD MNIPN : N1 THN.2.2.3
V2N P NHMP-N2 MRYPN DPP NN NINDWHRN MIXIPNN NIVND .DPROPN
D919 DN NAY NN YPIPN YANYN IV TINA ONIIOM MINPNRN 929010
PN (M129) MODIN KDY wTNNNY

29N VIN.2.2.4

;0 ,IPN,NONT.2.2.5

:DIDNIN NINT.2.2.6

NP NN NPN.2.2.7

Yya MNSPN 2.3
Sya MNOPN :0WIN.2.3.1
dry plant farming :term.2.3.2
NI YTNON PPYNN NPN NIV, THIROPN D1T) NOOW XN DY MINOPN : NITHN.2.3.3
.DYpYn
(NHON NONMNN) 29 VIN.2.3.4
(MON NON»NN) : VIVIY IR, INPNT.2.3.5
(NHON NONMNN) : DI IN NNNT.2.3.6
(MDN NONMNN) : NP N X NPNR.2.3.7
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PHYY MNSPN 2.4
PNOY MINYPN :IWIN.2.4.1
irrigated agriculture :term.2.4.2
PPYN DY MIYWIN TIROPN DITNH NOOYW XD PROY MINOPN : NITIN.2.4.3
(N79N NONMNN) 291 VIN.2.4.4

(N7ON NONMNN) : VIVIV AP ,NPNT.2.4.5
:DIDN IN NONT.2.4.6

PNSY 39172 7501n MY

PNOY 21130 900N

conservation USDA, handbook for soil : nxop 9mn w pn.2.4.7
www.nrcs.usda.gov/
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PO 2.5

PIDT dWIN.2.5.1

.term.2.5.2

WY NYIVON 070 20-0 PRIV YPIPN 12TV DY NP NN PIDYT : NITIN.2.5.3
Y0IN NPID M DAINDNN DIPOYT NIYA

299 VN.2.5.4

;I ,IPN,NNPNT.2.5.5

: DYDY IN NNINT.2.5.6

conservation USDA, handbook for soil : nxop 9mn w pn.2.5.7
IV 1INV 2N > NN DII9TY DIRDN DXVIY DMIDN

M0Yp .2.6

MVOP IWIN.2.6.1

:term.2.6.2

NIYA ,YPIPN NN KOY 17D 20-5 PRI YPIPN NAOY INON NOWI : NITIN.2.6.3

ANN DD /YT TN WO

(N7ON MON»NN) 291 VIN.2.6.4

(MON MONNN) : VIVIY PN, INDNT.2.6.5

(NN MON»NN) : DIPN IN NNDNT.2.6.6

conservation USDA, handbook for soil : nxovp amn w Wpn.2.6.7
www.nrcs.usda.gov/



http://www.nrcs.usda.gov/%202.6
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v 2.7

VN :OWIN.2.7.1

plowing :term.2.7.2

NN NIV .270° TY DY NP D7D 45-20 PRIV YPIPN NIADYW NN : NITIN.2.7.3
NN TINDY PSVNID MYYD |, DIVY SYIT YINND [, NYIND) YPIPN IR IIMND
INTND NN NNY9NN POD MYNNNI TPVY)Y YWIND N .YPIPa DMNDN NV
DTN DN NINNN I

170N MON»NN 9N VIN.2.7.4

NIDN MON»NN - VIVIY PN ,INNT.2.7.5

(DN IN NINT.2.7.6

170N MONMNN : NP AN IN NPN.2.7.7
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Y1) HIN 2.8

YN N IVIN.2.8.1
:term.2.8.2

DMVN 6-3 AN POIONI MNHNN MNP 1NN NONN NWY DIN :NITHN.2.8.3
NTRD TINA D2X7N X DX200VM) YPIPN 73 NN DIV IIND NTAY

170N MONMNN 29N VIN.2.8.4

NI0N MON»NN : VIVIV ,IPN ,INT.2.8.5
: DYDIN IN NNNT.2.8.6

790N MONMNN : NNIP IDIN IN NPN.2.8.7
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noN .2.9

120¥0 :3WN.2.9.1

:term.2.9.2

02091 X 9N D¥9H1 32INDN N2IYNT NTIAY DY . NMYN IN PN D0 : NI1HN.2.9.3
101NN NININ NNY SN NI .YPIPN DN DININ)

170N MON»NN 9N LIN.2.9.4

NN MON»NN  : VIVIY ,IPN ,INNT.2.9.5

190N MONMNN : DN IN NINT.2.9.6

NPoN NoIYN

NMUN NOIWN

770N MONONN : ANIP IDIN NP 2.9.7
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PP Mrvaonvn .3
09nunNn ornNy 3.1

INYN MDY IWIN.3.1.1

:term.3.1.2

YPIPN 291 30% MNAT PMIAPYI TWUN YPIP TIDYD ITNN IMNYN NDY :NITHN.3.1.3
YPIP INYUN DITIY MPMIV MYNNNI .NYIT INND NMI¥ APINYL DXDIN
DXNNANND DINTHINY T YPIPN NN DXDIN 271D PIDYT ,WIN 11D (DIDVINN)
PPN DY 1Y 1190 TINa

NIDN MON»NN 291 LIN.3.1.4

NI0N MON»NN  : VIVIY PN ,IPNT.3.1.5

170N MONMNN : DIPNIN NNNT.3.1.6

conservation USDA, 097319251 £099 00N : NP TN IN NPN.3.1.7
handbook for soil
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o0 3.2

DI HVIN.3.2.1
pitting :term.3.2.2

.DXNINS DXNVLYY NNV I DD DIPNY DOYPY NINPN NINDN NIWH : NI1THN.3.2.3

Ma9 DD NN IMND MMINNN YPIPN M9 DY MNN DN DINN NIV

D17 DY NITNND MNNN ,NTYO NINHD DINN NHDMIT AP IX MOND ,0V) NI

YT NIV I DN MMM DMNIOD YPIPN GND NN MPVPM YPIPY InY

OMAN NN PTNNY YT INIWD NI P2 NDMITN Y091 DNIND OMIN NN NNYD

NN YTHY DM DXONN INMYNNINIY NTHPH NOIWN NYINT DINIODY YpIpo

DONINA .2YTHN MY DNV DIRIPN DD DY DNV NIITH P01 OMNIIDN
NN TIN2 DM 071D 95 TY INND IWIN DIDNDN

PN I129077 1YoV DX

NI HY MLNININ DIVTA PNANY NYP PININ
DRNN2 YPIPN DI YN DMNN .MNNN
P2 TN LIYN DNWA DONN DMOYD
DYTIYNN  DXNLYN PAY DPVON NLYN
S ANN NYOUNN NNSW )00 Op DINN

.OYN PININ DN

29N VIN.3.2.4
20729 11290077 NNYOYIT 0N W

NI PNIANY IWON ANPR Lana
NPYN Swa MMTIN NN
YPIPN YW ILVMINIT NVDPLA
YOO P2 PHT OOP NPNYIANN N1NIAN
DRV IPRY Y PAS DHNHRN NOWN
DIDNN YW oD NYOWNN NnXY

P2 PR

YOI ,IPN,NPNT.3.2.5

e el

.00 ATO PPNR NYNN

70N MONMNN : NP AN IN NPN.3.2.7
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Y99 (H1993) »aon 3.3

YPIP NN WIN.3.3.1
mulching :term.3.3.2

VIDOW MYSNNI YPIPN 9 9Y MINDY D) NINWNN NVW X7 YPIP NN : NITIN.3.3.3
NN D PRYNYI PPN INND WY 1TV O¥20 YPIP NN ONIPN DI N WPl
NN WP2 DONN TIY DON NVOWA XIN 29WA .NPYNN 19 Yy DPNNSN DXPYNN
PONM) NTAPH NOWH NNY TOPUY N N9 .DNNSD NPINY DN YPIPN
: DINN DXININI NN XIN YAV N YPIP NN (PPN W I NINND
DY DN YPIP NN 0N —IMNPY O N

DONOPN DI NP MNTIIN DT NP — (DXVDIHMP) MHXNN DA% .2
IPOYN YPIPN NIOWIA INYINT (MH23) 13 NDIVAY DIIRNNN
VPP DN NTN DX DT DY NN

L, D) MIPN NYA DI NPIND DINIDN D1 DMININ : DI )
NTRD DN DN WIANNND DONNN NINAY)

229 VIN.3.3.4
PN TO177 7IVOVIT PN 21729 71291077 NNYOYIN DOX W

TINGD O2IT) DNVWN INMN OYIV YPIP N NINYT Y9I TN YAV IRV YPIP NDM
209 YONY TING OMYT NNY DY TN ,DX¥T :ORD DV NTIYN YPIP YV MY
PPN MDY DY MITPNAND TN DTV DY IR,V IRD DIINNA,N0INA ,0700pVa
DTN NNVOPL NINI NPT NAMANNND PN VINI ,)PY APHYINA ANV NN
9521 NP N MND PAN G0 YN DY MIMVYN  YPIPN MDD DY 9NN NYavn NNty
WIAON NN DNNYN NNWD)  MIYD VTN Bapaahbal
YPIPN MDD DY QNN NYaVN ;)3 ON .ONOPNM

.191)
1 VDIV VN ,NINT.3.3.5

NNMNL NTYIL DT NN PO NPYNI VP NN

: DYDIN IN NNDNT.3.3.6
SN IININ NPN.3.3.7




NN NN 3.4

NN YT :IWIN.3.4.1
.term.3.4.2

M9 NOYN DY NNYY 1D DONRIPN DV DVNNYN D37 MMPNI :1I1IN.3.4.3

MAPN P2 NNNY YNN NPNY D91 NON DIV .GND 29 NN SYNNIND VPPN

-39 YYD DNV DYRIPN DXNVYIA NYIAP YPIP MDD IN DNDN NNIN KW D1P)

VNYo 0915 MNNN NTIN POHN DINYY (DYOLNA DXDTINA ,NNNTI) STV

SV PNIDINN DTN MDD WITN NNWN YPIPN DNIY DNV Y YNNY IN KIDDND

DN DIN DNAY ,N¥NNY DMNY DYNINDY DXNNY DNINI NN Y1) NV

9y 9595 NMTa [, NON DY) DOPIPY DNY TPPYNM 91900 NI 9220 D)
L9021 NSV NPR NI NPYPN 1T NVIY TURD INN INOPN

PN TP VOV DX

Sy N0 NYAVN OMN DTN PININ
MYIXT NININ NOMN GN Iy 9NN YaIm
NO TN, TIIND THNA P MNNT DN
TN DNMOND NNVOPYL .aNIN THN2

NHDIN YONN XY NINDN DNYY TN 20
D) O DMNOY 199 ,D%WYN ININ NN
PN LID DY .MM PR ONYY NPTIIN
OMMNT IOV HY N NYawn nnxy

Bapiiital

99N VIN.3.4.4
20920 11291077 NYAYIT 11PN

MY NIN OMONN DDONN 2PN
,DVONN DX NMARNDND NNVNN YPIPN
DY NMLDPLN XY PHNN IR DY)
1 NVWY YN NMY TIRD NON MIVINT

NN YN DY NN DY

: VIOV PN, NNNT.3.4.5
AR

: DYDON IN NNNT.3.4.6
SN IIN N NPN.3.4.7
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nNYS-IN 3.5
NNYDA- N : WIN.3.5.1
no tillage :term.3.5.2

NDY DY PYNN CTIDY IN INDY RIY DI DY) NOVOY NN IMNDA-IN - NV THN.3.5.3

MYIOIN .INY IO DY) dN DINN IWARNDI TN YPIP-GND YN YPIp ITIdY

9521 ¥YPIP ND 992,000 M MYNNNA YPIP-GND NYIND NN YPIPN TIdYN

VP YPIP M9ON N2 WO NNMYA-ON NV NPYPH NIV YPIPa O9MINY DIPN
129D YPIPA DN NN NDIDN DN MPTN

99)2 YPIPN PITNY DRIV DTV DIDIN MDY TOIN YPIPN SV OuI»dNn Ty

DIN ,DIPOT  NNYNY YWIN — TID YTIDY : DNY TIY HHI DMNOVPIV 12N
M9 NN MPRYN TPINT-12 MYYI NN NYTN MDD .DWIN NPT Iv»n
N DYPIAN YPIPN MNAWI [, NDYN MY PRV MY T I8N VYN YPIPN
ARWI NPINA 1Y 2802 .(YPIPD DXNRN NN AR DVINRD D1IP NPY NIND DILN)
VNN YPIPY DN MITN NN NDYN ,YPIPN D NN IXPN (WP) 1IN DN

.NPONNN DN MTNNN NP NN

299 VIN.3.5.4
PN T1291077 VOV XY 2172/ P97 YOV AN W

NP DTN VNI PDNKT YINT PINID - NI DNPYKAN-IR DY TANN NYOIVNN
NTINID .WIND NNYI OINN NYTY YPI DY INASNM (DINN) NN YO NpdNna
MO55N NDHN HPDLPIIPN NI X IYAYN TIT PR DIPN NN yoIna

AT YA MNYIAN GO D DTNYH AN

170N MON»NN : VIVIVY ,IPN,NNPNT.3.5.5
:DIDN IN NONIT.3.5.6

10N YP NN NN NNYY NNMAN2 TI2XY DINI NYIN

NP AN IN NPN.3.5.7
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7209 0PN 3.6
TIDY DIIN :IVIN.3.6.1
minimum tillage :term.3.6.2

PP MDTOTN NYIND NPODIPN YPIP TIDY MW : NITHIN.3.6.3

991 VIN.3.6.4

770N MONMPNN : VIVIVY PN, NPNT.3.6.5
NI0N MONMNN : DN N NNNT.3.6.6
170N MONMNN : NP AN IN NPN.3.6.7

000 M) 3.7
DDA TN :IWIN.3.7.1
strip cropping :term.3.7.2

YSN YITIT ROWD — NIV O Y — TIdYN DINN DY NOPON NS - NIHN.3.7.3
D91 ) Y DMV DN IN JITI-I1A HTID IWIN 13 NVIWL .NOLYN YD DY DY
D9 72N D) DXINN NI YN NPNY DMMWYN DIJTINN 9933 IWD TNN TINNa
DYOYTIN P2 IXPN PNINM YN DTN .NVWN M9 NN NDINN INNNN 9N DN2
VN NINIDN 0NN MPTN DX D>HNDY YPIPN 9D NN ORNY 51> ONWN
PV NPYA ¥ AN N2 NTIAY NDIND N NV NNLVP MPONI DN
YY) DIDMN MY ,NOTY NNV MPONI DXaVWY HHVIP NYIS DY MYaon

PN IO VOV DX

9991 YONY NNYT NNY IYTIN DAPNNN YN
oY .(MMNNY DY DM NIV) OORIPN NTY I HY
.0YH MNON PNINH DAPNNN GON YD 30
PN ONAY OYNRYPN MTYD IMTL NN SOyTI0
DAN AN NN YD, N NV DIYININ
,NIV OO0 N0 Y NPT Y MOLIIAN
DMV DPNX 7DD DTN MTYO NmTa
NNVOPLN TR ,MYN DN TNIRD ONNY DY
AN N NHXWY NOYA NNV I TN NYAPNNN
NIYN OO DY QNN NYawn nnswy o Dy

12772D 2701392 N N2INI NYOVYNN DR .1PNN2

—

o

~
o
w
~N

98

7

N\

O

N

=== |

w\\

R

N\

N

SN

NN

NN

=

2
2
D

N

<)

94

Buffer strip  *x% Rocky areas —— Contour (m)

IMNIN9 NY PRY DXAVY
991 VIN.3.7.4
20920 129077 YOV PN

NYY) MDD MNININ P YN
OTNONDD TN XY (MDY MDY
DN DY OND NV NINT DY
NYOWN ANIPN |10 DY .NONNY 87

TN NN Y09 DY) DY N

DIV ,IVN,NONT.3.7.5

(a)
92

EH Grass waterway
B2 Permanent grass --~- Strip boundary

Contour (m)

770N MONMNN : DN IN NONT.3.7.6
Morgan, 2005 : NP 99N WX NPR.3.7.7
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2991 NN .3.8
DOYIT NINND : HWIN.3.8.1
crop rotaion :term.3.8.2

DYOYT) DY) DWO DTV NPONI VIDOY .YPIPN NPND NN NINYHN NVOVY : NI THIN.3.8.3

YPIPI DNMN JNNY INNND TONNI DMNHYS 1T INMIN DY NN RO DX5NNN

NMLP DY NIYD HDIPN DIWITN NTHNY MOYOY 2172 .0NY NN 9 ("NVIMNY”)
APIN2 YPIpn NN PYYNY ¥

29N VIN.3.8.4
PN T1290077 VOV PN 20929 7291077 VAV NPXY

NLYI THRN DAY TAWHN NOYN PN 907 DY) NTWI NANI NTYN PR
NTY YN PAY WA NIV D0 DDV YA DY DTN IMNNND DYV 199N
DTN NNNYN NN IT OYSHN NIY 11910 9NN
DOV IMNNY 10 DY .IYN DY TIND

.1212) PO NYaWN

.3.7.5 PYD DY VIVIV PN ,NNPNT.3.8.5
NI0N MON»NN : DIPN N NNHNT.3.8.6
170N MON»NN : NP 9N X NPNI.3.8.7
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29 "9 %99 )1y 3.9
12 "N 290 OOV IWIN.3.9.1
contour farming :term.3.9.2

YINN NP .MTYN DINND NIND DN I 20 NNMIT NYIND NTYPN 1T NOOY : NITHN.3.9.3
.0”Y20 099NV NN NP INN IPWY

2991 VIN.3.9.4
PN T1O077 VOV PN 20729 11290077 NYOVIT 0N W

D) =&Y
N

AN IYAVN NIANVD MNP MAYMIND 7NN NN YIITH NIAND ONP 19D NTY MDY
D192 NN NINVN NN NWN .TPNP2 - NI OOINMVN 1AND NP
DONLY 710 I NPIDHN NPTINI NIXY 71aNT N NIVVWY .NLWN N9 Yy OMN
MNNOY DM N DTN QN YO DY T NYavn

PN SApHNnn

.3.7.5 9PY0 Y0 - )IVIVY IR, NNNT.3.9.5
NIDN MONMNN : DIPN IN NINT.3.9.6
Morgan, 2005 : nNAIP 99N N NPN.3.9.7
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(099590) WY NPV .3.10
NO90 v .3.10.1
terraces :term .3.10.2

TOYPIP TNYN DNY YOV DNIANND IN DWIDN DMNI DD N NNITH : NIHD .3.10.3
INND DWW POLPNY TS DNIAY ,DX9I1VN DNINI DINXIIWY DINIIY NHPIN
TH NINNI DTN ANON PNPIY YHIYN TN AN JYNIY 1T NP NPNAND I
SNV NIN DY JTANN .OMWN DY MY NNYT 019010 PPON .MAnNNn
93N Y TIND NN MOIVN IPNY PITHN TIND 012 DMV HHd TIT7a
NN PN DYYD 0NN : DD MDIV TPNVYN NNPNY DOVNWNRN DMININD
MNNANN NYNA T ,IINNY WD DT NN NNPNN NDIV NI .(MIDIPN YPIP)

D23 1NV PNLYH NOND MINN

9N VN .3.10.4

P2 T1°90077 7OV DX 20929 11290077 7IVOV7T DX

(NTIN YIN TN 1) NIND DIDIDN DINIRD - HY2 YMIDINDN MNVPVLIIIN MIAN N MOIVN
2NN DINN GNINN YAV PN N MDIVD VBN P WD TN NYNNN .NAT NN
972 MUILVN Y YN DXNINL D) .DIPHN DPIYNN 0PN MPP MYNHANI NI
NINY MDIVN NN .INPI N7 IMNDM TN NYOWNN NNXIY PN .91 DNONN
I QNN NN DIYND I MLPVIIIN MIN .12 MOV HY
DTV DNLYY DMYIV ONLYY NPT
MPA NWITIND TVLDIVIIP NNVOPYVLI DINN
NYAYN MDILN YONY PININ ;)2 DY O N

.M 1PN

;I ,IPN,IDNT .3.10.5

~If original banks are
[ vertical they will be
cut back as shown.

Cross-section

Side-section

Slope of downstream face 2:1

0.5m [|f cobbles are used. May be
| steepened to 1.5:1 if angular
rocks are used

(DYDY N INT .3.10.6
Morgan, 2005 : NP 9N N MPNn .3.10.7
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PN IN DINPY L3.11

NPT IN DMV 3w .3.11.1

contour bunds :term .3.11.2

NIVN .DMLVH 2—1.5 AN NPDN DNVP DINIDNI DN OMNITH DY : NITHN .3.11.3
NN AN 79T NPYPIN PLPNY ,DMINP DOYLVP NNOY NITHN NN POND DNPYN
5Y NN MTITH MANT MYYN 11D DRI DINOYN .DXNWN 2032 Y98N NN
DITION ANANN YPIPN .NANND ONPY DN MLP TONT MMM NMINITHN SNLY
DNIPMN OONITHN DXOYN .NANT NI INTI MWD DY NNNNNN INY TINRD
PNINM DYN MIAN MNYN TOY DXNNY ,DNNVH DY So¥a MNITH DY
DV ) PN DNPNNI DMWY NYANYH D7PP 20N DAY MNITHL .0M»31
SPIPN DR 2D YT IITHN TIN DR POPNY DMYN PPN .DONY NYOVI)
PATRNN YPIP NOND DN NN DI ,INN AN IR MDVND NN POPIY

29N VN 3.11.4

PN I1P0077 VOV INNY 20920 19077 YOV PN

, DY )21 DY DINPY DTN PININD TP MNVN NIWNY 7"Op” TDY DN DIMYN
DY O NN HY DIDIAT INPN VNN DIVT - GNN YN INPH .DDITHIN NVYNI INDINN
NPT DANY DOMYN .INYHA NPIYAX  DMYN TN S TIND VDI IR DYDYV
DXTYN DNOVYY JM N2 SNVWY 1 ,NMIY  .NOWN 1D Y NYNN ST TINA DI DVINNI
DNOY YoM NYAPNNN NNVDPLM ,0MINN DN NN QNN YN NNXIY
AN NYAYN DXOYY PININ )0 Yy .o

.19

90N VIV PN, NONT L3.11.5
:DININ NONT .3.11.6

(NP NN NPN 3117
Hudson, N. W. (1981). Soil conservation, 2nd ed. Bastford: London;

Morgan, R.P.C. (2005). Soil Erosion and conservation. Oxfors, UK.: Blackwell Science
Ltd.
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(2219°9) N»NYN MoIv.3.12
Y v L3121
liman :term .3.12.2

PN NXINA (D21D9) DINPNRD N IMPNYN MDIV DX 00NN Y9 7772 :NITHIN .3.12.3

NPY MYNNNI D) DIPON .ONT 10 TY DY NLY PN YR ITON PN

PPID NN O PATIYD WoIN NYJID NINDN IN) YPIP ,ODIPH AIND N9

N2 OOWNNWYN IR ,NTY O D0 AWIN-IN NON MDDV ONPNRN PPINN

MIND DD 1N YIND .ASNNY NNS DYPN DN YWY MMPHRa TNPNA ,03oNnd
21252 2001 DN

9N VN L3.12.4
PN T1290077 VOV NIOX W 20929 1291077 VOV XY

MN TINA DATHN SNTIPI N VMY NIN YT 9N YN DMPNN 1IN 95 TN
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waterways :term .3.13.2
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97 MONT )25 .DMYIVN DIXIWYN ONNNA .92 TN MITONIND
NN Y DOPTINIM ,MVP INDIN NIPIN
moyns ,NNT Oy .N27 NN DINN DNLY3I
NTYY NNNWNA MIVN SUNIN TIRD 01T Y9N

ST2WNN

:VIVW PN, NONT L3135

TRAPEZOIDAL Fovaston
hillt
L 160 cm 9 O
| 1
1 30 em
2
40-80cm Cultivated

area

~——— River ~~~=-p Diversion P Grass —_—
channel waterway Farm

----- Depression ~—— Terrace == Road and
channel bridge

:DININ NONIT .3.13.6
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Hudson, N. W. (1981). Soil conservation, 2nd ed. Bastford: London; Morgan, R.P.C.

(2005). Soil Erosion and conservation. Oxfors, UK.: Blackwell Science Ltd.
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3N N DNON MYYN v .3.14.1
diversion channels :term .3.14.2

NN SYND YT NTYN DY PPOYN PHNA NNIDIND NNN N NNON MIOYN NN .3.14.3
ITYY MINN 903 NDNOD GWIND XD YD), 1PN PR DY DX DOPONN WD 9N
INOPNN

L3.13 Yo AR M VN L3.14.4

A3 PYO NI VWY PR ,IDNT L3.14.5
313 PYo N DYDY N IONT .3.14.6
23,13 PYD NN : IRIP AN INNPH .3.14.7



276

NNV NYYN .3.15
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grassed waterway :term .3.15.2
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Hudson, N. W. (1981). Soil conservation, 2nd ed. Bastford: London; Morgan, R.P.C.

(2005). Soil Erosion and conservation. Oxfors, UK.: Blackwell Science Ltd.
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gully control :term .3.17.2

NN NNYD YT ONPOHN D¥TNPH DIPNN MYNNNI NIWYN YR I DD .3.17.3
AMNTPNN

770N MON»NN 29N VN .3.17.4

NI0N MON»NN : VIVIVY IVPN,INPNT .3.17.5
: DIN NONT .3.17.6




279
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windbreakers, shelterbelts, tree planting :term .3.18.2
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Hudson, N. W. (1981). Soil conservation, 2nd ed. Bastford: London; Morgan, R.P.C.
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(2005). Soil Erosion and conservation. Oxfors, UK.: Blackwell Science Ltd.
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vegetated geogrid :term .3.19.2
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Hudson, N. W. (1981). Soil conservation, 2nd ed. Bastford: London; Morgan, R.P.C.
(2005). Soil Erosion and conservation. Oxfors, UK.: Blackwell Science Ltd.
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afforestation :term .3.20.2

DONY MYNNNI DOPIND YPIPN NN DXV DINY MYNHNNI YPIP IOV :NITHIN .3.20.3

91 P OIDNN DY DN DINYN .ONNN NNNINNT NINIPRD NN NIYININI
AN

29N VN .3.20.4

PN IOV YOI PN 20970 007 VOV NS
IN NG ,TANY VA YoM NOIN AN PN NNXN NN NAWIN VI INKN TINA NN
PI0I IORY NN 990 PN IPIND INYA ANV 20 DD GUn DONIN 0N YOIND
PPN VI GNT L(TIYN IRV IX TNYD) MNP PR NIY ,YPIPM MOIN 987970
TAPHRL) STIND MY SN IMNNY NNVOPYL  NYOWN PN P9 0N NINNWND
™ONN NYOWNN NN DYINNN (D PY) DINY 1127 5910 Y9I Iy MYLIN

N2 W HYv

90N VIV VN, NPNT .3.20.5
:DIDNIN INT .3.20.6

&7 5
Py S

o el ; :
PN ,DPP YT DY ) TN Y

N — 172N 5n)

M Sv D92 YINNY

2V N5
(NP IIMN NP .3.20.7
Hudson, N. W. (1981). Soil conservation, 2nd ed. Bastford: London; Morgan, R.P.C.

(2005). Soil Erosion and conservation. Oxfors, UK.: Blackwell Science Ltd.
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Hudson, N. W. (1981). Soil conservation, 2nd ed. Bastford: London; Morgan, R.P.C.

(2005). Soil Erosion and conservation. Oxfors, UK.: Blackwell Science Ltd.
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State and transition protocol 1.1.1

PIPNRYY 0D YINTN NN DTN NN .I2YN-280 DTN 19 DY 511 JI1PIVINS MDD NPNT N
TONNPRN NIWNN DR 18N ITINN .1VI122 My NyIn mna (Westboy et al. 1989)
DINNN,NIIWNAN Y I IWAN AN NI (TP NIV NIFDINN) NN 9 1YW NI DOWIND
NN DMAYNN DN NOLVP KXV GN¥NN VOPLA (T1-T12) DN DMAYNPN NN DIIN

DPNNTIN DMNDDI DPIYIN MINNONN Y9IDDN NHD DY

'YL Mo perennial T2 ]I[Rodueod cover T3 |1 predominantly T1 |1 pominated by
cover, eroded |[———— of perennials, — palatable 1 large coarse
Aristida congesta, perennials, perennlals, e.g.
T crochioa, T4 o.g.Themeda T2 Cymbopogon
- Setaria * aa Apochaste
e
YV compiete cover | T10 |IV predominantiy
of vigorous [T~ » unpalatable
unpalatable perennials, e.g.
perennials T9 Aristida Junciformis,
* Elyonurus argenteus

Box 3. Catalogues for the state-and transition description of Example
3, diagrammed in Fig. 5: Tall grassveld (both moist and dry) in South
Africa. Description from Tainton (1981) and personal knowledge of
Walker.

Catalogue of States
Stase L. Dominated by large, coarse perennial grasses, e.g. Cymbo-
on é. Ap et ide (so-ealled increaser 17 species).
State II. Dy ted by pal gmses ﬂlchas mmeda
rriandra, Eragrostis r " spe-
cies). Lesser percentages of various mmaset species types.
State III. Dominated by grasses such as Aristida cong

"Wl

Ai

Transition 7. Comes about if grazing pressure is relaxed but not as
completely as for Transition 3, so that while biomass and ground cover
accumaulate in all plant groups, there is selection against palatable
species.

Transition 8. Very heavy grazing in short bursts, and[or burning. It
is not well understood what exact amounts or sequences of heavy
grazing or fire can coum.er the compemwe advantage of unpalatable

Ji the

species without d y of the palatabl Isto
regenerate.
Transition9. Samep as T 6, continuing to the point

where dominance by unpalatable grasses is complete.

loa caffra, Setaria flabellata (so-called “i 2" species), with sub-
stantial bare sround and many annuals and microperennials (short-
grasses).

State V. Dominated by large, cstablished tufts of unpalatable
grasses such as Aristida junciformis, Elyonurus argenteus (so-called
“increaser 3 species) with little bare ground. Lesser but significant

of d and i 2 species (see States IT and IlI).

State V. Vigorous full cover of increaser 3 species {see State IV).

State V1. Bare ground and annuals.

Catalogue of Transitions

Transition 1. According to one hypothesis is due to “overresting™
others regard State I as a variant of State II perhaps due to local soil
effects; others again would group State I with State IV.

Transition 2. Light grazing.

Transition 3. Complete or nearly-complete relaxation of grazing
pressure.

Transition 4. Moderate-to-heavy grazing imposed in 2 way which
does not allow animals to avoid eating unpalatable species.

Transition 5. According to one hypothesis does not occur, since
palatable grasses are not capable of increasing in the face of established
dominance by the unpalatable perennials. Others believe this transition
does occur given total destocking, but is very slow. There is also a
hypothesis that relative competitive advantage can be shifted by exact
timing of grazing at the beginning of a wet season. Under this hypothe-
sis, which grass grows best varies from year to year, depending on when
the first rain falls and on the sequénce of carly rains. Thus transition 5
could be assisted by selecting years in which the palatable grasses are
favoured and grow best, and grazing very lightly during this period of
early growth.

Transition 6. Modé¢tate grazing which allows animals to choose
palatable species and avoid unpalatable specics; by this means competi-
tive advantage shifts to the unpalatable “increaser 3" species. Most
commonly this would come about under moderate set-stocking.
Another factor might be early-season grazing in years when palatable
grasses are disad ged by the p of rainfall (see Transition 5).

Tr 10. Very slow, or in practical management terms not a
feasible transition, because in State V virtually all the sward is occupied
by large, vigorous, established tussocks of unpalatable grasses,

Transition 11. Continued heavy grazing to the point where neither
tussocks nor seed bank of perennial grasses remain, and soil erosion is

Serious,
Transition 12. Only possible with soil reclamation work and reseeding.

Opportunities and Hazards
There are 2 principal routes by which the productive capacity of the
land can be d ded. One is simple overgrazing, down the route
from State II to State I11 and ultimately to State VI. The more serious
hazard is the route from State II to State IV and ultimately to State V.
This is a more serious hazard both because transition 6 can be made at
quite moderate levels of stocking compared to transition 4, and because
recovery from State IV is much slower than from State I1I. An impor-
tant variant hazard is that if one seeks to recover from State [11 to State
1Iby reducmg grazing pressure, and if that isdone in such a way that the
remaining grazing is selective against palatable species, there is a serious
risk of making transition 7 rather than the desired transition 3.

Two types of opportunity for returning from State IV to State II
deserve mentioning. One is the possibility that the return can be made
much more quickly via transition 8 followed by transition 3 than by
transition 5. The other is the possibility that there exist windows of time
in some years at the beginning of growing in which unpalatable
grasscs arc more vulnerable to grazing than palatable grasses, and vice
versa in other years. By |dennfymg such years and grazing heavily
during such windows of time it m1ght be possible to direct grazing
pressure strongly aga

P P

Allied Situations
Rangelands with similar features occur in British hill pastures, which
become dominated by the latable Nard: lfgrazcdmawaywhlch

selects too strongly against p;htable Agrostis and Festuca species.
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Asaf, L., Tal, A., Laronne, J.B. Negaoker, N., Nassar, A., and Khateeb, N. A.
Trans-boundary Stream Monitoring and Management in Israel and the
Palestinian Authority- Hebron /Besor Stream as Case Studies

2006

3rd Int'l Symp. on Transboundary Waters Management- Extended Abstracts,
Ciudad Real, Spain. ISBN:84-689-8604-6

Within Israel and the West Bank & Gaza Strip there are fifteen ephemeral
streams that cross the Palestinian/Israeli green line. All of them originate in
watersheds located in the Palestinian Authority, or in lands that will
eventually be outside Israeli jurisdiction, and flow into Israel toward the
Mediterranean Sea, or alternatively flow eastwards from Israel to the Dead
Sea or to the Jordan River. One of the important trans-boundary streams is
the Hebron /Besor/Gaza. This stream is plagued by severe pollution, posing
a serious health hazard to humans and devastating to the natural ecosystems.
For many years these streams have been transformed into sewage conduits
collecting raw sewage or low quality effluent throughout the year. The
region's climate is semi-arid and increasing demand for water has led to over
pumping of the available groundwater, drying of headwater effluents and
reductions in the stream's natural flow. Stream restoration ostensibly
constitutes a paramount environmental priority to both parties. Yet, there is
insufficient cooperation between Israel and the Palestinian Authority. The
cooperation is hampered by the absence of a clear and relevant watershed
model

that identifies and quantifies the key parameters for stream management.
These should include water flow, nutrient concentrations and other
contaminant loadings from non-point and point sources on a catchment scale
across the virtual borders. The lack of such a model has frustrated previous
restoration efforts. The aim of this research is to lay the foundations for an
effective river restoration strategy for Israel and the Palestinian Authority.
The total pollution loadings from two trans-boundary streams, the
geographic boundaries of which cross the Israeli/Palestinian green line (The
Zomar/Alexander and the Hebron/Besor/Gaza ) are being characterized
using “catchment scale chemical and biological monitoring network” and
the Hydrologic Simulation Program Fortran (HSPF). This presentation is
limited to initial results in the Hebron/Besor system. Initial results indicate
that, the major point pollution source is raw sewage discharge from the city
of Hebron into the Hebron stream. This source changes the fundamental
nature of the ephemeral stream, converting it into a de facto sewage
conduuit with permanent baseflow running more than a 120 km. Additional
point pollution sources on the Israeli side of the watershed include treated
effluents of very low quality that are discharged from Dimona into the
Ar’ara — Beer Sheva stream and untreated wastewater discharges from
Ofakim into the Patish stream. A range of pollutants including non-point
agricultural runoff, urban storm water and discharge from industrial sites
have also been identified. Findings show that base flow water discharge in
the Besor watershed decreases downstream by more than 80%. This
represents water lost by evaporation and, evapotranapiration from riparian
vegetation., But it is also likely that the majority of this loss of water may be
attributed to transmission losses in the channel bed with infiltration of
pollution load into the soil and groundwater. Identification of the myriad
sources and the scale of stream pollution will expedite selection of an
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appropriate management strategy to mitigate this problem across the
political boundaries.
VIV INA DN NV YN, )NaN D)

Alexandrov, Y., Balaban, N., Bergman, N., Chocron, M., Laronne, J.B.,
Powell, D.M., Reid, I., Tagger, S., and Wener-Frank, 1. 2008.

Differentiated suspended sediment transport in headwater basins of the
Besor catchment, northern Negev.

2009

Isr. J. Earth Sci. 57: 177-188.

An extensive water and sediment monitoring network has been established
during the past two decades in the Nahal Besor catchment of the northern
Negev. Its primary purpose is to measure water and sediment fluxes at
different hydrological scales and thus assist in understanding the complexity
of sedimentary dynamics when these are assessed at the outlet of the trunk
stream. Water and suspended sediment monitoring systems have been
developed to provide discrete and continuous records, from which material
fluxes have been calculated. The network involves 3 upland catchments—
Nahal Eshtemoa, Nahal Sekher, and a sub-catchment of Nahal Bikhra—
differing in size and/or rainfall regime. Suspended sediment rating curves
for the small (0.66 km2) and medium-sized (112 km2) basins in the same
physiographic province are near-parallel, but that of the small basin lies
below, reflecting less availability of sediment that can be mobilized
throughout the range of specific discharge. The rating curve of Nahal Sekher
(170 km2) cuts across those of the Eshtemoa and Bikhra, reflecting the
greater aridity of the Sekher, the southern part of which contributes some
runoff and much sediment only during major flow events. It also reflects the
importance of sand, less loess cover, and greater exposure of rock in the
headwaters of the Sekher. The complexity of sediment response during
individual events results from flushing that brings hysteresis to the relation
between concentration of the suspension and water discharge. This is also
used to show the progressive exhaustion of sediment sources during the

passage of an individual event.
1952 9N) ,99¥ SN MINNYN HN)
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Alexandrov, Y., H. Cohen, J. B. Laronne, and I. Reid

Suspended sediment load, bed load, and dissolved load yields from a
semiarid drainage basin: A 15-year study

2009

WATER  RESOURCES RESEARCH, VOL. 45, W08408,
doi:10.1029/2008WR007314

A 15-year record for the semiarid upland Eshtemoa catchment provides a
basis for estimating the efflux of water, sediment, and solutes in a type of
environment for which there is a dearth of information. Average annual
runoff was 5.4 mm, giving a runoff coefficient of 2.1%. Average annual
yields were 275 Mg km_2 for suspended sediment, 15.3 Mg km_2 for bed
load, and 0.6 Mg km 2 for dissolved load, though distinct seasonal
differences are identified and related to the prevalence of cellular,
convectively enhanced storms in autumn and spring and frontal storms in
winter. The majority of the average annual total sediment and solute yield of
291 Mg km_2 is generated by as few as

8 of the 74 flow events of the 15-year record. The relative importance of bed
load and the consequent ranking of the load components as suspended load _
bed load _ dissolved load distinguishes this dryland environment from its

humid counterparts.
VINNVYR 5N

Alexandrov, Y.
VWONYN 500 IPITA 78002 1PNY DINT IIND 2P3 NN SV 712N T
2005
PhD Thesis

.XNNY NN TN GNI OTNI GND DY PNV INNNYN DX PaANY NTaYN NIVN
M1 NNNYN : AT HY MIRPO YN THYI 1PIN) NIIWYNI NNNIN NYDN TONN
-39 MNIN NN MY IN 0PN DY TN, NTTA NINY TONNI NHNIN
NMND ,NPADNN NIY HY DOAYNN DA 1901 1IPNI NPNONN NTIAYL NPTV
NNIN DY OINMN

moy

S5¢ MOLDDVINY/MDDIVIN NVXY — IPNNN MOLOYW >NV NN NIOWN NNT NTY
PM¥N MNP NYIOY NPHNOI/MDDIVOPN NV PVDYOVLD NINMY DN NOINX
.DYVINYIN YILN PPN DY ANV NPIRYN NIANY YHODNN I2T ,DYTH DIPN HY
09915 DMIMIN .NTY NTIAYI IDONIY DINNIN DY DDA IPNNRN W IPINNRN IPIN
PN NI NHPIVND TINNITN DT NN ITTOY ,GNDIY N ,0W) DY YN
PN

PN 2, MNNY TINDA P/ DY DY) T T HY 1PTI DWIN NNNIY MnNd
YY) (OWON DTN DIPXN) N OMPR Y NdOWN ANNN nYapd L Yy
ONDINNRVI D790 NN YIDOY

MY 0NN DM PRI .NIVMITN MINN IPTI) NMININ DY OPNNITN DN
AMIND DNMIN DIV (N 2.5 1Y) DN DN NN PN 1PINT DXTTINY ,NND NDYHIN
NOWNN .NMY 10 U5 MNP 3 HYW YXIMN NIN NN TN ; DMV 30 Y5 wnInn
2N TYNI 11D VPR NPNNA DYPN DM DI JWON T DY MVMIVIN NHYNNI
DD TN NN VXD DO DY ¥YaAPI NPYOD-DY DIPYN D70 3-6 -9 YN DN
.DY9I¥NN NVIVA

aw

OPMIYY D3 OYIPR 48 NPTHN MNNI ITTH) NI DY Wy Tvna



NP2 MIN

294

SV PN NOYI NN MINNYN DN IITH INDND NDIT 070 5 D¥N 1PN IONDIOPNPN
10 Twn3 DY 8 NYNIND 1D NIIRY PNIANY 17 .1PIVMITNN MINNA M 1.2 -5
NN N .MIYD DY NG YNNI L(DMNYD DXNIND HD15) NTT1HN N
N YISNN NN TYNY PN 27,000 7D NTTHN NIY 10-2 NMNIN DY )PSNN
SN T, 09 NYIIN T NIWI DN NDIT TYN DY HOMY 27 18N .Myw 11
NN HY OHINDIOPNN 90NN .4 NPT NNV DY 6 NN MV DWNPR 19010 HY
(1995/96) UKD X1I¥2 M) XYY DNIW PRI PN .10 77 (2000701 TPNNTITN MVI)
1-20 ¥ RMINID 07D 7 =D WD DN PO 12 TN WX P71 1D 1998/99 mivay
DWTIN MYNIND NIDITN NI TUND MPT 9 N NMOYN IIT SN .OINOY
N9 — 92020

ohn

YNINNT ORNN 1D ;O\ 472 TY 63-1) 800 US TV 100 -n onwn EC -n oy
OOWN 9/ 59 DY PN LD DY D/ 129 N IR OWMPN 16 MY
MVYa DNYNY DWNPRI W (TDS) Doomnn opnn 995 Sy 0»oNDIOPNHN
DN DV 1391 25901 .91N YN 0V TDS v rorm»dNn TN ; NI
NA%ID HY MY HONY 1D DY PIIM-LNIIP TY NITD-LNIIPIAN MINYN
POUNY
2277
TY 500 -n 0INWH SSC Y 0NN MNNT 386 -N WAPNNY DNN) THD DY
PO (D) 42,000 JpN TPVD) SV 37,000 1T YINNN TN O\ 269,000
;NN MW (Q) NN NPYD PaY (SSC) N9ININ 112 P2

(R?=0.54) SSC=10**Q**"’
,DOPN DNMN YWY PENIOVIN (1) :MOYOW SNYI NIVIND NN NPIAN
DM 0 I¥MN YYD AT NN TTOIY NHNIN NI ,NMNN YY NODIANN
(rating curves) avwp 1p 12 NYNTN NP8INVOPN (2) ; NTTHN AINT P NANIN
Y NNV YD NN NV DY IWPY ,NNIN DY ,DM70 NPYAD P22 NHNIN 11D P
,77200 .INYRY VIV NNNT NPIdN 2IWOND DIIRNN NI OIMPN 19 .NP19DN
on»nna (W) sy1x oon nan (SSYield) nona npen pa pnam wp o»pw
WPNY ;(R?=0.95) SSYield=2.15W"° . xn qwpn 1ayn noypny .mwn nnyy
MY YW %Y 9no Nn (R*=0.83) SSYield=10.90W** . xn qwpn 97N
(1) : DY 9901 NAWIN PHRIIND WP YINOIWN 1) DTN NPXN BY WP MNP)
VIO DN JD NI WP WP OAY (2) ;DPNPIN DNMN DO MY WP P 290
DMYNI DIYIPRD VD DINMN I NIAY WP NP 29D (3) ;MY DNYNI DIYIPRD
NV PINITIVOPRN NVWYW P2 IXNYNN TN DIRDN I2yN NPPaD) Mva
NN, MT TIND MO SNYN IPIAPANY MRHINY 772NN 7I¥ITOIND
.DYIDN NOY DIPNITN DN DI 1Y WP 1P DYNHNYM

N0 NP210n

YYTPN DN2Y WY GHD NPIdN HY IWIN NN DN NPION MINI DY DDINNa
D1 N2 PAY NANNDHN NPIAN P2 DO WP MNP VIDY TN ,DMYY NIt
MY 29 NYXINNN GHDN NPIDN NN NPIdN NAWIN DI T .T7932 PN Y
DY YNV NN H513) ONN - 1.9% , NN - 91.7% DINN ,V'NDP/NV 346.7 N1N
SY DWIPN 90N MDY DY NYIY NONIN NPION IV PON NI - 6.4%-) (OW)
YA 9N PRI MDY DY NTIWY NN DHN NPIdN DY PONY TN NNY

SY YPINNT PN DY NHPINN MINNYR DN PR DY GNDN NN . TINNIPN
DIYNYNXD , AN D1INDN DIIIND N»anm (1958) Langbein & Schumm
TIND PIN NI OMVYN D3N NI 120 IPIIVN GNON NPIdN P IWPN .NNNND
D02 DMNMNN,DVIN YY) XMV D91 NA) P IWPN DY, TN MY WP (R?=0.98)
MINA DIRDTIN DWIND YW

5551 40%-2 9N O NITNNY ,INN YA 2%-D NYNIND NITY INDN NN
0O 17) DY/ N 0.9-n NI NP0 .DNNN Y991 66%-) NOININ 9991 61% 00N
5591 94%-5 YN O NT YIT TIN .JIINN 50% MINNWN DNIN NYNINND (PPIY
1N NN DN .ONNN 9991 95%-I) NAININ 99917 98%-11 AN , D971 NI

N9 NN NPNIN MDY PN D7D 15-20-1 NN DXTITI NI INPNOY ,p>OND
(FPNN9NMINMIND NTHIAY) GND NYOND (9192 DI YNNI NDMD) OMIN

MNNWUN SN)



ASs

As

amo

mvy

DOVID
D9NYHI

PPN

NP ONN

amo

mv
DOVID
D9NYHI2

PPN

295

Alexandrov, Y., J. B. Laronne, and I. Reid

Suspended sediment transport in flash floods of the semiarid northern
Negev, Israel

2003

Hydrology of the Mediterranean and Semiarid Regions (Proceedings of an
international symposium held at Montpellier, April 2003). IAHS Publ. no.
278, 2003, pp. 346-352.

Our aim is to provide insight into various suspended sediment transport
phenomena of upland ephemeral streams in a semiarid environment.
Information about suspended sediment concentration is derived with the help
of a programmable pump sampler and the continuous record of a turbidity
sensor. Suspended sediment concentrations are high; the mean during six
years of measurements was 34 000 mgI™*and regression of suspended
sediment concentration on water discharge takes the form SSC = 10** Q.
During individual flash floods, the suspended sediment—water discharge
relation may be hysteretic (clockwise or counterclockwise) and/or
monotonic. In spite of complicated intra-event behaviour, there is a good,
deterministic (R*> 0.9) relation between total suspended sediment yield and

flood volume.
VA YN NIPMI PR VINNYN NI

Yoav Avni, Naomi 4PoratF, Joseph Plakht and Gideon 4Avni

Geomorphic changes leading to natural desertification versus
anthropogenic land conservation in an arid environment, the Negev
Highlands, Israel

2006

Geomorphology
Volume 82, Issues 3-4, 15 December 2006, Pages 177-200

The Negev Highlands in southern Israel are currently under an erosive
regime causing degradation of soil and vegetation; a process which has often
been attributed to land mismanagement and overgrazing caused by the local
Bedouin population. To estimate the anthropogenic role in the erosional
processes in the Negev Highlands, two similar drainage basins were selected
and studied, one undisturbed with almost no human impact and the other
with intensive human modification including the establishment of Roman to
Early Islamic agriculture. Field observations and luminescence dating
indicate that during the Late Pleistocene glacial period (OIS 4 and 3)
deposition of fluvio-loess sediments, with minor erosion cycles, occurred in
the Negev Highlands. Severe erosion started during OIS 2 and continued
into the Holocene. As the climate shifted during the termination of the
Pleistocene to the present interglacial phase, higher rain intensity generated
the incision of gullies and channels into the fine-grained alluvial sediments
of the previous phase, causing extended soil erosion and reducing the natural
biomass and the agricultural potential. Establishment of runoff-harvesting
farms in the 3rd century interrupted the Holocene natural erosion and gully
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incision, and led to the redeposition of up to 3.5 m of fine alluvial loess
sediments originating from Late Pleistocene loess sections. This
accumulation is not related to any late-Holocene pluvial climatic phase and
is solely the result of farming. We conclude that since the end of the
Pleistocene a dynamic change in the soil/rock ratio related to the long-term
process of adjustment of the geomorphologic system to the Holocene
climate has been taking place within the drainage basins in the Negev
Highlands. The fluvio-loess sediments deposited in the region during OIS 4
and 3 have been eroding since the latest Pleistocene throughout the
Holocene. This process causes degradation of the biomass and agricultural
potential and leads onto natural desertification of the region. The historical
intervention by establishment of runoff-harvesting agriculture, which as a
by-product resulted in the accumulation of redeposited loess sediments,
counteracted the natural trend of soil erosion. This was in fact a land-
conservation act, applied by the ancient farmers in the semi-arid regions of
the Middle East deserts. This activity and its geomorphic consequences are
in contrast to the well-documented land degradation trend generated by
recent anthropogenic impact on marginal lands elsewhere. In any case, the
human impact, either contributing to land degradation or to soil
conservation, is super-imposed on the natural long-term trend leading
toward desertification.

Avni , Y.

Gully incision as a key factor in desertification in an arid environment, the
Negev highlands, Israel,

2005

Catena, 63, 185-220

Gully incision has been eroding the alluvial sediments and loess soils
deposited and developed along the valleys in the arid and semiarid regions of
Israel. This phenomenon is critical in the arid regions of the Negev
Highlands where the agricultural fields, the main floral biomass and the
areas which have the highest grazing value, are limited to narrow valleys
filled with redeposited loessial sediments. The headcut migration and gully
development in the region were studied between 1990 and 2001 in three
representative drainage basins (Zipporim, Revivim and Sekher). During
flood events, the runoff penetrates the alluvial cover of the valleys, forming
vertical headcuts, which gradually retreat up the valley. The runoff is
channeled into narrow gullies, preventing the floodwater from spreading
over the whole width of the valley. The change in irrigation efficiency along
the valleys is reflected in a sharp estimated drop of 70-90% in the floral
biomass, causing the reduction of the range value by 83-99%. During the
monitoring time interval (1990-2001), the linear gully retreat in the study
area ranged between 12.3 and 250 m an average rate of 1.12-22.7 m
year™ ! for each gully head. The process is accompanied by erosion of soil,
which has high agricultural and range value. The total soil losses in these
sites ranged between 800 and 9000 m’at an average rate of 81-818
m?® year™ ! for each gully head, which is equivalent to 121-1227 Mg year .
During the monitoring period, approximately 0.11-0.87 ha of land lost its
agricultural and range value in each basin under study, at an average rate of
0.01-0.079 ha year *. Since the Byzantine period (1400 BP), approximately
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6.5 ha, which is 10% of the land that had high agricultural and range value in
the Zipporim valley, lost its value due to gully erosion. No recovery effects
of the gully channels were found in the nearby region. The soil erosion is
generated by a long-term natural dynamic change in the soil / rock ratio
evolving within the drainage basins through time since the termination of the
last glacial phase. The loessic sediments, originally deposited within the
drainage basins during the late Pleistocene glacial stage, are being removed
under the present Holocene climate in several erosion stages. This ongoing
phenomenon is causing degradation of soil and biomass and is severely
reducing the agricultural and range potential of the region. These parameters
indicate that an ongoing process of desertification is active in the arid
environment of the Negev Highlands, and is advancing in proportion to the
headcut retreat rates in the region. The soil erosion and headcut retreat have
been active in the Negev Highlands for the last few millennia. If these
processes continue in the future, the Negev Highlands region will lose its
agricultural potential within a few millennia. However, the fact that the
ancient inhabitants of the region implemented successful long-term land
conservation techniques already 3000 years ago, implies that a sustainable
land management policy can be adapted to the Negev Highlands, as well as
to other semi-arid regions in the Middle East.

Balaban, Noa

Adsorbed Elements and SVOC Compounds in Flood Water and Channel Banks
of Wadi Secher Draining the Industrial Hovav Complex, Northern Negev Desert,
Israel

2008

MSc Thesis’s

This research has three objectives (1) examining the effect of the Ramat Hovav
industrial zone on the suspended sediments in Wadi Secher; (2) monitoring the
variation in concentration and loads of heavy metals, sulfur and SVOCs adsorbed
onto suspended sediments during flood events; and (3) examining the channel
banks to determine the content of adsorbed heavy metals and sulfur as a function
of distance from the industrial zone and with height on channel bank. Wadi
Secher is an ephemeral flash-flood channel in the northern Negev, Israel,
draining the Ramat Hovav industrial zone, from which it flows northwest into
Wadi Beer-Sheva. The area's climate is semi-arid and the flow events are
characterized by elevated concentrations of suspended sediments, which have
been documented to reach 141,000 mg/l.

During the 2.5 years of study, 9 flow events were monitored and sampled. The
water and suspended sediments were analyzed for dissolved and adsorbed metals,
heavy metals, ions and semi-volatile organic compounds. Six channel bank cross-
sections were sampled from Ramat Hovav to Wadi Beer Sheva. At every cross-
section, top soil-crusts were sampled at various heights on the channel-banks
from the bed up to

the floodplain. An additional crust was sampled above the floodplain soil which
is most exposed only to atmospheric effects.

In flow events, the concentrations of metals adsorbed onto suspended sediments
are higher than the dissolved counterparts. The concentrations of adsorbed
elements vary during flow events: high concentrations occur in the first flush and
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during recession; lower concentrations occur during the flow peak. This variation
is attributed to changes in suspended sediment particle size and to the initial wash
of

compounds, which accumulate on hillslopes and in the channel between flow
events. The dissolved phase shows similar variations with respect to flow stage.
Sampling of bank cross sections was undertaken subsequent to the occurrence of
overbank floods at different elevations. In general, the concentrations of adsorbed
metals on the bank cross sections are similar. No downstream decrease in
concentrations of adsorbed elements occurs from Ramat Hovav to Wadi Beer-
Sheva. A correlation was found between the concentrations in flood peak
samples to those in

subsequent bank floodplain samples.

Most adsorbed element concentrations are below the natural background levels of
Wadi Secher's sediments. Nevertheless, sulfur and

titanium exceed the background values by hundred to thousands percent in all
samples. This includes samples upstream of Ramat Hovav, as well as at all bank
cross sections above the floodplain. Cadmium and lead initially appear as
‘pollutants’ in the Dec-06 flood and subsequent bank samples. The results suggest
that there is no direct effect of the Ramat Hovav industrial area on the
concentration of contaminants in Wadi Secher. However Ramat Hovav may be a
source for atmospherically distributed contaminated particles that, reach the
channel in runoff. Direct influence of Ramat Hovav as a point-source on the
adsorbed contaminants in Wadi Secher can occur in cases of enhanced seepage of
groundwater, and leakages from the waste evaporation pools. In such instances
an increase is expected in concentration of adsorbed elements. Beyond the aspect
of the environmental impact of the Ramat Hovav industrial area, this study
enables a better understanding of the variations in concentrations of metals

adsorbed onto suspended sediments in flash-floods in semi-arid environments.
95 YN

Sagy Cohen, Tal Svoray, Jonathan B. Laronne and Yulia Alexandrov
Fuzzy-based dynamic soil erosion model (FUDSEM): Modelling approach
and preliminary evaluation

2008

Journal of Hydrology, Volume 356, Issues 1-2, 1 July 2008, Pages 185-198

Soil erosion models have advanced in recent years, by becoming more
physically-based, with better representation of spatial patterns. Despite
substantial progress, fundamental difficulties in catchment scale
applications have been widely reported. In this paper, we introduce a new
catchment scale soil erosion model. The model is designed for catchment
interface and management purposes by: (1) using relatively common input
data; (2) having a modular model structure; and (3) a clear and easily
interpretable output analysis, by producing possibility or potential, rather
than quantitative erosion maps. The model (named: FUDSEM; fuzzy-based
dynamic soil erosion model) is spatially explicit and temporally dynamic
and is formalized and based on fuzzy-logic equations. FUDSEM was
initially evaluated on a small data-rich catchment and was found well
calibrated. It was then implemented on a medium-sized heterogeneous
catchment in central Israel. Initial evaluations of the medium-scale model
predictions were conducted by: (1) comparison of FUDSEM runoff
predictions against measured runoff from five hydrological stations and (2)
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a site specific evaluation of the FUDSEM multi-year erosion prediction in
two sub-catchments. FUDSEM was compared with two other erosion
models (a temporally static version of itself and a known physically-based
model). The results show the advantages of FUDSEM over the other two
models in evaluating the relative distribution of erosion, thereby
emphasizing the benefits of its temporally dynamic and fuzzy structure.

71793 PN, NNPY PR

Laronne, 1990

Probability Distribution of Event Sediment Yields in the Northern Negev, Israel
1990

In: Soil Erosion on Agricultural Land Edited by J. Boardman, I. D. L. Foster
and J. A. Dearing © 1990 John Wiley & Sons Ltd

Distribution of Event Sediment Yields 489
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Figura 32.6 The probability distribution of event sediment yields from the Northern Liman
catchment
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Laronne
2000

Laronne, J.B., 2000. Sedimentation et barrages: Implications geomorphologiques,
economiques e environmentales du comblement des reservoirs. Relations avec les
extractions de materiaux fluviaux. (Geomorphic, economic and environmental issues
in the silting of reservoirs and related aspects of river sediment quarrying).
Amenagement et Nature, 136, 101-112.

To deal with the complexity related with reservoir siltation, we shall first describe the
rates involved, charactlerise reservoir sediment character (and how this allows us to
determine flood-based erosion rates and infer effects such a land use on erosion rates),
thereafter depicting how we can increase reservoir life span. The second part of this
contribution will deal with the topic of gravel/sand extraction in rivers. At first seemingly
unrelated, understanding the advantage of river-derived aggregate quarrying but also the ill-
effects of this activity will depict development hand-in-hand with environmental
conservation. Finally, an attempt is made to relate reservoir siltation to river quarrying and
to environmental benefits.
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Laronne

2004

Laronne, J.B., Alexandrov, Y. and Reid, |, 2004. Surface water
characterisation and utilization in the Middle East, respectively exemplified
by Nahal Eshtemoa (Wadi Samoa) & the Shigma-Besor (Wadi Gaza)
Resrvoirs, Israel. pp 680-692 in Hillel Shuval & Hasan Dwiek (eds): Water
for Life in the Middle East. Proc. 2nd Israeli Palestinian International
Conference on Water for Life in the Middle East. Antalya, Turkey, October
2004.

The nature of surface water in the Middle East has benefited from
limited research. Automatic, modern instrumentation has been
deployed (Nahal Eshtemoa), demonstrating that hydrographs are
steep and recessions fast, hence discrete events cannot be pumped
unless floodwater is diverted to valley/side valley reservoirs. Use of
floodwater in modern water supply systems requires backup due to
large variation in annual flood volumes. Water quality in natural
channels systems unaffected by pollution has low salinity and is very
high with the exception of elevated sediment concentrations, often 3-
5%. Bedload discharges are among the highest recorded worldwide.
Both can be predicted with relatively small errors. Surface water
reservoirs may be utilized for local water supply, the most serious
efficiency parameter being reservoir lifespan. It may be increased by
constructing reservoirs o span part of a river section {(Wadi Bsor-
Gaza), or by identifying industrial uses for the deposited sediment
(Shigma Reservoir),

Cooperation between Palestinians and Israclis on surface water issues
is needed, particularly in Wadi Besor (Gaza), the largest local
catchment draining to the Mediterranean and the only drainage basin
common to the Palestinians in the headwaters (Hebron) and the outlet
{(Gaza and Mediterrancan Sea) as well as to the Israelis midbasin
(Northern Negev).
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Nagouker, Neta

Hydrological and chemical characterization of baseflow and small flow
events along the transboundary Besor Basin

2007

Unpublished MSc thesis, Ben Gurion University of the Negev School of
Desert Research

The Hebron/Besor trans-boundary drainage basin stretches from the
Palestinian Hebron Mountains in the East through the northern part of the
Israeli Negev Desert, reaching its estuary in the Gaza Strip on the
Mediterranean Coast. The catchment is characterized by various land uses
and it receives a continuous discharge of approximately 15x103 m3/day of
untreated wastewater from the city of Hebron, as well as other point and
nonpoint pollution sources. This study aims to hydrologically and
geochemically describe and quantify the flows and fluxes from the various
point and non-point pollution sources, and to estimate the relative
pollution loadings in their dissolved and solid phases. Due to scarcity of
major flow events within the research period, the focus shifted from
baseflow and small flow events. Measurements of base flow water
discharge were undertaken during 4 periods at 12 sites along the
mainstream. Water samples were collected and analyzed to determine
major ionic composition, effluent parameters, nutrient and metal content
in the dissolved and adsorbed phases. Bedmaterial sediments were
collected along the main channel and analyzed for metal content.
Continuous automatic and manual monitoring measurements as well as
sampling were used during storm events in the Besor Basin at 5 sites.

The discharge of sewage into Wadi Hebron is the main point source
pollution, reaching as far downstream as Ze’elim. Water quality is very
low in comparison to “Inbar” standards, regardless of self-purification
processes that reduce the pollution loads. BOD, COD and NH4
concentrations may on average rise to 500, 830 and 125 mg/I, respectively
during the course of the stream’s flow.

Mass balance calculations demonstrate that in some parts of the stream
there was an addition of nitrogen load attributed to local seepage of
groundwater and to point sources of pollution at Shoquet and Ze’elim
Sites. Transmission losses have been shown to comprise as much as 90%
of the upper Hebron reach. The middle and downstream reaches showed
increments in discharge due to mixing processes involving different water
bodies. The water chemistry follows a line of mixing between upstream
(sewage of Hebron as one end member) to regional alluvial aquifer
groundwater (the second end member). Increases in salt concentration (Cl,
Mg, SO4 and Ca) and lower Na/Cl ratios were observed in the middle and
in the lower reaches.

Discharge of industrial sewage from Hebron delivers Cr, Cu, Ti, V, Ba,
and Zn into the channel system. Other sources for trace elements exist
between Beer Sheva and Ze’elim, delivering Mn, Cd, Ti, V, B and Ni.
Trace elements have a strong affinity for the solid phase. The main mode
of transport of Cr, Mn, V and Zn, however, changes downstream to the
dissolved phase. During flow events the dominant mode of transport of
trace metals in the downstream reach is in the adsorbed phase.

During small flow events the Hebron-Beer Sheva stream water is mixed
with rainwater and runoff. After the water is diluted, its quality improves,
yet it is still above the recommended standard. Beer Sheva stormwater
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was found to be an important source of runoff water and of trace metals
during these small events. The water in Wadi Grar (Sharsheret Park) is of
better quality (above the recommended standard) than the Hebron-Beer
Sheva system; it is affected by natural saline groundwater. During small
flow events, rainwater recharges the shallow aquifer and dilutes the stream
water, infiltrating into the unsaturated layer and flowing in the riparian
zone, reaching the channel and thereby increasing water discharge but not
salinity.

Once the water has exited into the stream, infiltration takes place
throughout the channel bed. The flow at Grar Reim originates from
mixture of rainwater and runoff from the surrounding area. This
freshwater has very low ionic concentrations. During a minor flow event
three phenomena were detected: flushing of nutrients and salts at the onset
of the flood, dilution due to the increase in discharges while the dissolved
element supply remained constant, and increases in concentrations during
recession. This study provides a database of the water quality and the
processes that influence it in the Besor watershed, which can be helpful
for future management and restoration efforts for of this trans-boundary
basin.

W12 5N PN

Morin, J., Benyamini, Y. and Dorfman, C.

The rainfall-runoff relationship in the southern area of Israel,

1979

Israel Ministry Agr. Soil Cons. Res. Unit Res. Rpt., R41 (in Hebrew).
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Judith Lekach,a Rivka Amit,b and Tamir Grodeka
Scour Envelope Curve (SEC), Negev Desert, Israel
2009

Isr. J. Earth Sci.; 57: 189-197
10.1560/1JES.57.3-4.189

An upper limit for long-term scour in ephemeral streams has not been
studied, although it is necessary to know it for flow regime determination,
paleohydrology, and sediment budget evaluations. The available data on
scour derive from short investigations lasting a few decades at most, but these
are not representative of long-term processes, which are crucial for the
understanding of alluvial geomorphic, pedologic, and hydrologic conditions
in arid regions. A new investigation in several desert streams in the Negev
Desert of Israel found a distinctive unit characterized by pedogenic features
beneath the active channel bed. This unit, which has some initial attributes of
a desert soil, such as horizonation, calcium carbonate deposition, iron oxide
release, and accumulation of fine-grained material, has been termed a Fluvio-
Pedogenic-Unit (FPU) due to its formation under stable conditions by water
of fluvial origin.

The long time-period needed for the FPU formation suggests stable and
limited depth of the active alluvial layer and, therefore, a long-term steady-
state sediment budget within a given watershed and, hence, the existence of
an upper limit to scour and an indication for a period of a steady hydrological
regime. The FPU, easily recognized in comparison to the laborious traditional
methods, facilitates data collection of the depth and spatial distribution of
maximum scour in streams of various catchment sizes.

Comparing the FPU depth with measured and paleo-flood peak discharges for
several watersheds in the Negev indicates a maximum scour of 0.5 m for the
small catchments (Nahal Yael, 0.5 km2), and a scour not exceeding 1.3 m in
the largest catchment (Nahal Zin, 1205 km2). The concept of envelope curves
for maximum measured discharges has been adapted for maximum scour
evaluations and a Scour Envelope Curve (SEC) is suggested. Using the SEC
with the Regional Envelope Curve (REC) supplies a more complete
understanding of maximum possible discharges and the maximum possible

scour that can occur in ungauged watersheds in the arid Negev
MIPI NI, PN HNI 5y SN
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Uri Schwartza and Noam Greenbaum

Extremely high sediment yield from a small arid catchment—Giv’at Hayil,
northwestern Negev, Israel

2009

Isr. J. Earth Sci.; 57: 167-175
10.1560/1JES.57.3-4.167

Event sediment yield of 1145-1320 ton km-2 from a small (0.17 km2), 4th-
order tributary in the Giv’at Hayil area in the arid northern Negev was
calculated using a trench cut perpendicular to the channel, which served as a
sediment trap. The rocky slopes of the basin, composed of Eocene, Adulam
Formation chalky limestone, are usually covered by friable aeolian sand,
which accumulated since the early Holocene. An air photo and a field survey
were used for a remote-sensing analysis of the areal coverage of the sand and
the sources of the sediment. A comparison to the other data on sediment
yield indicates that these values are extremely high, and are related to the
high availability of the sediment due to its proximity to the channel, its
mechanical properties, the sparse vegetation cover, the small size of the

basin, and the relatively high runoff yield and stream power.
NNNNY DXNNY DXNYNY DN TN ,D2>39 YN, )1PDY WA HN)

Tamir, R.

Runoff and erosion in small watersheds in the South,

1972

Israel Ministry A gr. Soil Cons. Res. Unit. Res. Rpt. R34 (in Hebrew).

Tal Merzer

The Effects of Different Vegetative Cover on the Local
hydrological Balance of a Semi Arid Afforestation
2007

MSc Thesis’s

In order to understand the effect the type vegetation cover has on the
hydrological balance of small plots in semiarid areas, four different
treatments were implemented in the Yatir forest: (1) bare soil, (2) annual
cover only, (3) trees only, and (4) trees with annuals. In each plot rainfall
and runoff were monitored during rainfall events and soil water content and
above ground dry biomass were routinely monitored throughout the year.
The total precipitation results of the two rainy seasons reflect the large
variance typical of semi arid areas in general and the Yatir area in
particular. Rainfall interception was found to be close to 15%, uncorrelated
to the depth of precipitation.

The results indicate that the annual vegetation cover plays a major role in
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reducing runoff in the presence as well as in the absence of trees. The role
of the annual herbaceous cover was found to be especially important in
plots without tree cover at the onset of the rainy season, despite the sparse
vegetative cover. The presence of trees in runoff reduction was as efficient
as that of the annual herbaceous cover. The presence of trees and that of an
annual cover reduced almost completely runoff generation.

No changes in the soil water content registered at depths exceeding than
1.5m .The total soil water contents fluctuated throughout the season.
Maximum influx of water was registered for those treatments for which the
lowest runoff was recorded. At summer’s end however, no significant
difference between treatments was evident.

The collected dry biomass was significantly higher in the clearing than in
the afforested site. Large variance was found between the two measured
seasons.

The annual herbaceous cover clearly affects the ET; highest ET rates were
observed for the treatments with herbaceous cover in the clearing and in the
forest.

It can be concluded from the present study that trees and annuals play a
major role in this region by increasing soil infiltration and reducing runoff
generation but do not affect the local hydrological balance of small plots.
The precipitation reaching the soil surface is either transpired by the plants
or evaporated directly from the ground and for none of the treatments was
water storage observed. Therefore, as long as vegetative cover is present,
the type of vegetation (herbaceous or woody) plays a minor role on the

local water balance of small plots.
mpon, P YN ,N1515M

SN Y02
VIONUN 5N , 31N 229N 17)-10) N19) 77 NNIVP1I00
2007
MA Thesis

Nahal Eshtemoa is a coarse-grained gravel-bed stream located in the
northern Negev Desert, Israel. Alternating coarse-grained bars and fine-
grained sandy-gravelly areas termed flats characterize the streambed.
Previous research at this study site has shown that the flat areas are the main
sediment source of bedload during within channel flow events; during near
bankfull and beyond flow the coarse-grained bars are activated, but the
measurements were limited due to the very high bedload flux owing to lack
of bed armor and endless sediment supply that fill samplers rapidly and
entrained sediment caliber, which was larger than sampler slot opening. By
conducting slight modifications to the main measurement instrument - 5
Birkbeck-type automatic slot samplers spanning across the channel bed, the
measurement was extended to higher water stages. The modifications
included enlargement of 2-sampler slot widths by 50% (from 110 mm to 165
mm) and deployment of a closed slot cover, which enabled

to lengthen the sampling record by manual operation when other samplers
were

completely or partially full.

Results obtained from 3 low and intermediate magnitudes flow events show
that

bedload texture generally varies with the shear stress acting on the channel
bed. Grain size (determined by time slicing in each sampler) vs. local and x-
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sectional shear stress is weakly correlated, but bedload caliber averaged for
entire samplers is, indeed, correlated to x-sectional shear stress. The low
correlation between local bedload caliber and local shear stress may be
attributed to sediment availability from upstream when bed gsd does not
vary no r match the short-term variation in shear stress acting on the bed.
Coupling of painted tracers upstream of the monitoring station and bedload
gsd

collected by the samplers at various hydraulic conditions indicate that the
flat is fully entrained at 2_c, as suggested to occur in humid perennials
(Parker et al., 1982) whereas the coarse-grained bar is not fully dismantled at
this stage. The values needed to fully dismantle the bar are much higher.
Recently it was estimated that a transport stage (_/_c) needed to create full
equal mobility (on a reach scale) is ~ 4.5. This work presents new data that
full equal mobility is not attained even at values higher than transport stage
of 9.

Despite the slot enlargement and the use of the slot cover, the entrapment of
coarse clasts (> 64 mm) was small. It also raises questions about the source
of those coarse fractions. Analysis of the duration and velocity of clast
motion, as well as their size indicates that the cobble source is a combination
of the subsurface layer and limited breakup of bedforms originating in the
bar. This leads to the conclusion that only flows with a recurrence interval of
several years and considerably deeper than bankfull, are capable of fully

dismantling the bar’s prominent, well defined structure.
VINNYN 5N

MYN P9 I
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2006
MA Thesis

The effects of deforestation on runoff and sediment yield (SY) have been
well documented. Hence, a careful, scientific comparison has been
undertaken to determine runoff and erosion from a ‘natural’ watershed,
from an afforested watershed and from a watershed that has undergone
intensive land management. Three sub-watersheds have been monitored: an
afforested watershed, AW (1.6 km2) mostly covered by pine, an unforested
watershed, UW (0.66 km2 ) and a newly afforested watershed, NW (2.1
km2 ). The objective of this study includes comparison between these three
types of land use for given rainstorms and the relative and absolute effects
of rainstorms of varying intensity, duration and frequency on runoff and
sediment yield responses. Rainfall is represented by 16 miniature rainfall
gages; three rainfall recorders have been deployed to determine rainfall
intensity, Runoff is monitored with Crump Weirs, which allow accurate
determination of water discharge at the outlet of the watersheds. Suspended
sediment comprises 92% of the sediment yield from these semiarid areas.
Thus, only suspended sediment has been monitored at the Bikhra sites,
using automatic water samplers and turbidometry. Thirty rainstorms were
monitored during the research period, from which only one minor flow
event occurred at the outlet of the AW, 12 at the UW and 11 at the NW.
Time to runoff is shorter at the UW and the time from rain peak to
discharge peak is shorter at the UW for all flow events. Runoff depth is
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larger in all flow events at the UW. Unit peak discharges are larger at the
UW than in the NW (both seasons), and larger in the 1st season.. Runoff
coefficients at the UW vary during and between the 1st (3.3-31.1%) and
2nd (0.2-11%) seasons. At the NW catchment runoff coefficients are 0.5-
15.9% during the 1st and 0-2.6% during the 2nd seasons. Therefore, the
NW generates less runoff per unit area than the UW.

The main factors controlling the variation in water yield between the
watersheds are related to land use. Variations in water and sediment yield
are also arise due to variations in rain depth and intensity, time from a
antecedent rainstorm, extent of perennial cover and of terrain stability. The
micro-catchments, the contour-aligned terraces and the limans at the NW
are the main land use changes responsible for reducing water yield, for low
unit peak discharges and low runoff coefficients. It has been assumed that
most of the runoff which originated at the NW is generated in the natural
areas of this watershed. The trees in this watershed are young and spacious,
hence their influence on decreasing runoff is likely lesser than that of other
measures.. At the UW, 80% of the variations in runoff depth are due to
variations in rain depth (only 50% at the NW). This in agreement with the
assumption that the NW is also affected by the land management practices.
Higher runoff yields and higher discharge in the 1st season may be
explained by (1) the effect of the recently-ended land management
practices and (2) the higher rainfall depths and intensities in the 1st season.
Raised hypotheses have been proven: SY is negligible at the AW and
higher at the UW compared with the NW. This is due to negligible r unoff
yield at the AW and larger runoff yield at the UW compared with the NW.
However, SSC observed at the NW were higher than those of the UW. This
is opposite to expected. The SSC from both seasons at the UW and the NW
were 1-50 and 9-71 g/l, respectively. The median and the average are larger
at the NW compared with the UW, and the variance is larger at the NW.
This implies that the NW is still unstable due to recently-completed land
management practices. The differences in the concentrations between the
two watersheds are greater in the 2nd season; hence, there is a tendency of
the terrain to

return to equilibrium. The average maximum SSCs are similar in both
seasons at the UW, yet at the NW, averages are 50.2% higher in the 1st
season.. Variations in water discharge in the rising limb of hydrographs
explains 74% of the variation in SSC at the UW, and 51% in the falling
limb; at the NW about 60% of the SSC can be explained for both branches.
There is a definite tendency for an increase in SSC with increase in water
discharge due to a number of environmental factors. During both seasons,
sediment contribution from the UW per unit area was 1.11 and 1.6 times
higher than the contribution from the NW, respectively. Likewise, sediment
yield and runoff yield from both watersheds were 4.6 times higher in the
1st season. Specific SSY from the UW was 3.7 times higher during the 1*
season, and 5.2 times higher from the NW. Sediment yield in this case is
also in sympathy with runoff yield. Altogether 65% of the runoff
contributed from both watersheds was generated in the UW during the 1st
season (77% in the 2nd). The land management operations at the NW
indeed decrease runoff yield and therefore also the sediment yield.
However, trees in this watershed are still young, and therefore do not yet
have a significant influence on runoff and sediment yield. Likewise, since
the land management operations ended recently, it appears that the soil is as

yet unequilibrated.
7921 5N)
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MA

Soil erosion by water is considered as one of the major threats for sustainable
land management. Effective land management to prevent soil loss requires
prediction for large areas. However, although erosion models (e.g., the USLE
and its successors) do exist, attempts to apply them over large regions have
been unsuccessful in many cases due to insufficient factor calibration, low
input resolution and vast temporal and spatial uncertainty in the erosion
processes.

This thesis proposes a new erosion model based on the fuzzy logic approach.
The

potential of fuzzy logic in environmental modeling has long been recognized,
and its ability to use objects with indeterminate boundaries can be most
useful to erosion modeling. The model predicts soil erosion potential over
wide regions with a spatial cell resolution of 30 m. The model is temporally
and spatially explicit, based on detailed meteorological and environmental
factors derived from GIS and remote sensing techniques. The potential
erosion is predicted for each rainfall event in the database, considering the
time elapsed from a previous event and rainfall intensity. Unlike most single-
event models, this model accumulates the potential erosion to seasonal and
annual predictions.

The model advantages are the temporally dynamic structure and the soft
fuzzy

methods, eliminating the need for accurate coefficient calibrations, and
reducing errors resulting in the uncertainty associated with erosion processes.
The temporally dynamic structure of the model expresses the changes in the
soil moisture content and vegetation cover, both of which are critical factors
in erosion processes.

The model input includes vegetation parameters drawn from multi-temporal
Landsat TM images, physical soil parameters based on soil maps and
published data, daily rainfall data from 10 meteorological stations presented
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in a geostatistical interpolation, topographic parameters calculated from a
DEM and land use factors classified from multi-temporal Landsat TM
images.

The model was tested on the Shigma Basin (760km2) in central Israel and
was

compared to a series of validations using several sources and techniques: (1)
published sediment yield measurements at sites scattered throughout the
basin; (2) an existing semi-empirical soil erosion model (SEMMED- Soil
Erosion Model for MEDiterranean regions); and (3) remote sensing and
image processing techniques applied to Landsat TM images for mapping
erosion phenomena from spectral signatures.

The results of the validation methods demonstrate the superiority of the
dynamic model over the other two models, validating the runoff sub-routine
of the models. By doing so, the research hypotheses have been accepted by
noting that the fuzzy logic based model predicted the erosion process better
than the semi-empirical model and the dynamic concept of the model
improved its efficiency.

An additional effort should be address to the development of validation
techniques for spatially distributed models. Those techniques should be based

on small scale base unites and should have a reasonable spatial distribution.
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The goal of this study is to determine the influence of several
settlement types (cities, development towns, Bedouin settlements,
moshavim and kibbutzim) on stream channels in the Shigma and
Besor Basins, which are characterized by semiarid to Mediterranean
climate. With few exceptions, the effect of settlements on the
ephemeral riverine system has not been investigated in such areas.
The method to assess the morphology of the affected channels was
based on detailed cross-sectional surveys. Bankfull width was
determined and cross sections upstream, within and downstream of
the settlements were compared. Several natural, undisturbed streams
were chosen as controls to determine the prevalent natural
morphology. Conclusions of the study indicate that maintenance
negligence is common. This is the most severe condition for
residential areas and industrial plants located on the floodplain.
Indeed, awareness of flood risk is low because the ephemeral
channels are often dry. Many streams intersecting various types of
settlements have had a reduction in cross-sectional area which, in
turn, has limited their ability to convey floodwater efficiently, thereby
increasing flood risk. Channel maintenance by some of the local
authorities is inadequate, especially in the development towns and
Bedouin settlements, where awareness is low and where financial
resources are limited. In contrast, in the community settlements
channel maintenance is suitable, demonstrating that there is a strong
economic link between flood risk of ephemeral channels and quality

of life in these areas.
DNILVP DN NV, NNPY M
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A dense drainage net in the Bikhra basin (southern edge of the Hebron
Mountains) is a result of intense gulling a process that has been related to
climate change and

overgrazing. The fluvial-morphology of this environment is commonly
characterized by headwater ephemeral stream channels and unchanneled
valleys. These channels (gullies) are often incised in valley-floor alluvium,
loess and occasionally bedrock.

The aim of the thesis is to study links between rainfall, runoff, gully erosion
and

sediments. The extent of sediment yield and runoff response from gullied
and

ungullied basins has been explored. This study focuses on two pairs of first
order subbasins and on a fourth order basin in which the smaller basins are
located. Among every pair of basins one is gullied. Rainfall, runoff,
sediment (suspended and bedload) and gully head retreat were monitored
during 2005-06 and 2006-07. Observations on channel morphology and
vegetation cover changes were undertaken after rain events. Shrub cover was
estimated at the end of the research period.

While rainfall is rather homogenous at this scale (fourth order basin, 0.7
km2), runoff yield was not. Event average runoff:rainfall ratio was 0.03-
0.12. Annual runoff depth was between 2 to 11 mm. Suspended sediment
and bedload supply from gullied sub-basins (93 and 7 ton/km2) were at least
one order of magnitude higher than from ungullied sub-basins (9 and 0.1
ton/km2). It thus appears that gullies and channels are the main source for
sediment in this environment; this certainly holds with respect to coarse-
grained sediments. Characteristics such as vegetation cover and morphology
are important in determining sub-basin sediment yield. Bedload texture in
gullied sub-basins was related to shear stress and found to be higher than that
from ungullied sub-basins. It was deduced that while bedload is restricted
only by shear stress in the gullied sub-basin, in the ungullied sub-basins it
was also restricted by sediment availability. Bedload sediments appear to
originate almost exclusively from gullies.

Most of the geomorphic work and landform changes took place during two
medium-sized (winter) rain events. In these events the difference among
basins in bedload yield was higher, likely due to difference in critical shear
shear. A conceptual model has been put forwards, showing that differences
in bed strength as determined by vegetation cover, bedload yield and
availability depict different stages in landform stability and development

where gullying is a major factor.
n71025M
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Uri Rozin, Asher Schick,
Land use change, conservation measures and stream channel response in
the Mediterranean/semiarid transition zone: Nahal Hoga, southern Coastal

Plain, Israel

Erosion and Sediment Yield: Global and Regional Perspectives
(Proceedings of the Exeter Symposium, July 1996). IAHS Publ. no. 236,
1996.

Photographs taken in 1917 by a Royal Flying Corps plane during an
intelligence mission beyond the Ottoman frontline document, for the western
part of the Nahal Shigma catchment in the southern Coastal Plain of Israel, a
barren, highly eroded landscape with patches of primitive cultivation, active
badlands, and widely braiding stream channels. Nahal Hoga, a 65 km2
catchment representative of this area, was selected to monitor and explain
the fluvial transformation which affected the region following the abrupt
changes in land use associated with the wave of Jewish settlement 50 years
ago. This was accomplished through a detailed field, air photo, and GIS-
based evaluation of the areal land use and stream channel geometry repeated
at decadal intervals. While the 1945 channel morphology and land use were
similar to those in 1917, subsequent transformations, caused by land use
changes and conservation measures, were dramatic. Channels narrowed
drastically and were stabilized by encroaching vegetation. The braided
pattern was abandoned in favour of a single thread, quasi-meandering
channel which deepened 1-3 m below its 1945 bed level. The processes
responsible for this metamorphosis relate to the increased transport capacity
of the ephemeral flows following a major increase in water and sediment
storage associated with extensive conservation measures, which also caused
a major decrease in the volume and frequency of flow events. Bank erosion,
curbed by drastic reduction in grazing, was replaced by stable, vegetated

banks and braids were gradually abandoned.
N 9N ,NNPY PR

Seginer

Gully development and sediment yield

1966

Journal of Hydrology, vol. 4, pp. 236-253,
10.1016/0022-1694(66)90082-5
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Rawitz, E., Morin, J., Hoogmoed, W. B., Margolin, M. & Etkin, H.
(1983)

Tillage practices for soil and water conservation in the semi-arid zone:
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The effect of changing land use on sediment yield in a semiarid region
has been evaluated in the Ruhama Basin, northwestern Negev, Israel.
Sediment yield data have been obtained from the stratigraphic record
of the Ruhama Reservoir deposits. Event couplets have been identified
and dated by (1) known dates of reservoir construction and (2)
topographic surveys, as well as (3) correlation to historic rain storms.
Based on information on land use changes and on the sedimentary
sequence within the reservoir, sediment yield has been determined for
periods | (1953-63), Il (1963-82) and 1l (1982-97). The main change
in land use occurred during the second half of period Il. Grazing was
reduced from over 80% to 20% of the catchment area in favor of field
cultivation. Further increase of area under soil and water conservation
techniques during period 111 had a minor additional effect on sediment
yield. Expressing sediment yield per rainfall depth for all storms
exceeding a depth of 30 mm, sediment yield decreased from 1.7 t km-2
mm-1 in period I to less than 1 t km-2 mm-1 in periods Il and IlI.

It is apparent that the effect of land use change is most significant for
medium magnitude rainfall events. Interestingly, sediment vyield
showed no distinct difference between periods and land use patterns
for the largest recorded storms. The technique of identifying and
dating event couplets may be used in other climatic settings to infer

the effects of land use on sediment yield.
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