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1. Global Trade Analysis Project
2. Computable General Equilibrium modelling
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1. Replacement Cost Approach
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1. Productivity loss approach
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1. Damge cost method
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1. National Snow and Ice Data Center
2. Damage Cost Evoided
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1. Contingent valuation method
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1. Erosion-Productivity Impact Calculator
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1. Computable general equilibrium



Jyame adsi 5l oo ,s /FY sga a¥le o)l cpl g aiied o Gialo s psbces L)
Jolre (65,9liS Sladey (6590 50 jo HualS Jade pl laman e aies o Caws 3l 09>
AL o S Gl s DIl an e primes wd oyl Jls 50 555 ke VYO
N R Y 1 VS VAT YR CR ER
oy 1o ,Sug, oS 5 jleslaiul b 55 (Yo )+ Yoshino ¢ Kefi (g, S50 3udo0 4o
S0 ay5e gl )0 (65l psere ¢ SE 2l Galep Sl s & goladl
Slals Slas doles ) eolatwl Joli Jaste Ca) 9,509, il wigh 0 ol )9
Céyyue lade s (615 (GIS) ol as SleMb| picw g 490 5l i « (RUSLE) S
oolaiwl Lol al y golaidl Juo SO 5l S il )8 golaisl o)l Sbsyl gl 0e S
Siale sl ol o a8 3l slag sl 5 (Glalosd G900 &l )b (e e 05
YE LY o SB iole,d 5150 ases S sl a5 ols lis o9 oo ouilous S
A 3590 LSy 40 s Jos PY B Y'Y o iole 8 O lus e il oo el as o
sl d 5l bl sl il doe 2 s 9,505, 51 (Y2 YY) ]S o Steinhoff-Knopp
S0 S oz .060,8 solatwl Ll Jlats (65,5l 2ol )0 pgr Cans; Glooas> » S
o Loy o 05 (55l e s G 55 ST s 0lS aslons b S il
pg G s 8,55 Sl oy (Jlo 10+ ) o wde) Sloj alo e s b 55T mlaw g0
3580 e 21 el g Ol 0l 2 i (ol gl il Jgamo i Jolis S &y by o

U, Ol walizne slags )l jo 598 Do as e Jewily aslie o )5 18 o)



YV Glo,liess (69,90 )y S Lg)lﬁui:—s?da.w Oolw,d golaldl Ol L s ‘SMJL,..»U.J” .............
Eloas 4 e Jeailty ;0 Laals o5 ol (Lt gl 58,5 iy il |, il b Steasly ol 3

&ol> 0,509, -A-Y

20,505, 2l @S Seb e osliiul Glojen jsbay 398 3509, wiz b 90 3l eged cal o
b SIS i badd oles @ (3 slao Sag, 5l oS o g el 5SGa s el
S 0)S 2By b (Bib 5l oo slul mls jo (50,50 S o5 § WS (o0 wSaie |,
2200 75 6931 ot (Il nl o 5 anils Sligean (olls oolitul 550 sloo s,
355055 5 b Shled sl o) 535 5 S (5900 G2IS 1 S0l 458 0 S5, Ygons
Sl a0 350, a5 J> jo igd oo osliinl (oo jl )5 Sllus sl Dl jlus a e
0 )5 o Sl )l g o Dl 90 5e sl il o 5 oyl

& Slld Gile (o5 4z Sl a5 CiS plgiee Ao (nl @l j90 So ez e
S Wl ge 2l & 3 oad S5l usele Slilus i (S s jg0ke egale
1545 (6,500 A5S5 09 oo oyl ST i L 51 IS 08 Glanl g ail anils Suilssl
2d 5 0091 3> ol Cand 5 Dod Ll Il b g, adS a5 pl ol 0T LB cand oy
Lolyds e ol pogdle aitind S (alos 8 ugalo sladisse sl (oS jlons o 51 S5
S0 g 3l g olyen glallas b g wims )] glite Sl @l Cadl (See LS
Sy oboiws jelateds dA ojlo s 09290 slaools g Blasl 4y o g, 31 SO o Ol
5 (V230) Pimentel b SUlsolazil ST il golamdl sladely 5l xal>

Slin 1) alize slaosls mlie fpozad g laybs, 51 oS5 5 solamwl (Y- )))Telles



Jowe 3,91 5 sla> (e Gl d Je Y 5l (S o > Ko ale 5l SO ules S
0)9").3 LS‘)J A.Sksol.b)bo).u‘) L)T u)Lm.’> 0)9—|J.>Lu.!a=\5w‘ oolazu! S g0 UMJLMJJS

Ol ) Jao ,0 a5 Canl oads plol il Sldllas laz 5 olpl 4o Giole,d ol lus

s 00 4;:_’>lo),3

o b y3 Oyl 3551 33 g S golasdl 53, pguas 18 oud plail lallle > p ) Jgue

S
SL olus> &I 5,1 b adlaio o
sinole g s e 5 (6,8 b)) 1 el 9 Miranowski
(YAAY)Hammes
ol ol oot A > AR g (S G ol (VAAY) McCarl ¢ Moore
559,00
Ol ,8 JrS o Sles &5 oainals (V29A) K 9 Holmes
4 52 4> > A05e S Sk (V220) ), 9 Pimentel
«5§‘)9J3)M
Fe ALye g e 1 0! (Y43Y) L, 4 Pimentel
ol S8 SRRl A e Ozl (123Y) ], 5en 4 Predo
el s RS e p e | GBS | (V) o fSen s Prety
sl
Dolw,d s o 5 6,88 )l Lol (Y++Y) o, g Colombo
ol olowds oulass A> > AR g S 1 0! (Y- +¥) Duffy gTegtmeier
«5§‘)9J3)M
Ao
ol plowd pulass =z G 85 Lt (Y- +#) ol,5en 5 Colombo
S50l L eole e adg 6,5b s polrali (Y- %) o ,5en ¢ Decaéns
ATV PSRWAPESPS Aupp g e 1 e (Y+ +V) Hellerstein 4 Hansen




Yel &b)‘}oﬂb §O)90 (s p S ngl,:..i'a—b_?da.w U..JL.;JB 651*‘35‘ Q‘)Lw} O ‘SMJLM.,Q,JS)

S Glovs

G IIITTY oo
65 b oole i adgs o o5 )b o $Y; (Y- +A) 3,5 g Sandhu
pelatd ool plods ey a5
¢ ol
a5
ol ol 6ohb Cwed S HLlasls (Y- +9) o, gPorter
Gdso dlge | (0dg5 wolgi) Joe Ol gain (Y- o, g Ward
Oolw,d S R CERT o0 Ll (YY) o, 9 Almansa
S RSN S
) oy S 3 oy ¢ Hacisalihoglu
Y-V
il b S 25 GRS ) | el [ () oiSen 5 Bond
o8l pulas o5 6,88 )l LSS (Y+))) Colombo 4 Glenk
4 0 EETRY S o0 NVT. (Y+\Y) Malhi 4 Kiran
4y Ay g (e 9 (V) o, 9 Mekuria
650l b oole e odgs e 15 )5b cad PHRG (Y-\F) o,Ke 9 Dominati
S 1 Sedlg see 4> iy 3o
ol dasy elal
sonlil qdass O NA (Y1 F) oS g Alam
e 5elg 0 4> > ey 6 NS sl PHRG Greenhalgh 4 Samarasinghe
(Y-\Y)
b (ol B J 55 Ay p (S oz (V1Y) ohSen 5 Lu
oL
sinle g J s ALy g e ol (YY) oK g Bastian
o8l pdass Ao p e 1 0! (Y1?) o, ¢ Jerath
w5 £ Sl aen 42 S5 ans Ls) (F+19) o Son 5 Kay
o3l
Dolw,d s A p Sl LIt oL, g Mastrorilli
(Y-\A)
a2 ol 8 ]S W23 p (S P oS (VVA) ol o g Lee
599,
(o8l pelais 43R p (S 52! (Y+17) ol,5en 5 Noe
PP PSS, Aupp g e 1 e (YY) o,Ke 9 Hungate




SB obus

ST TS

4>, il yd S ARy e zomalS (YY) o, Ken 4 Kibria
ol i £ So59g oen
4 5
6))-" L oools Jag *’-‘J}’ 6)‘}l€ Ceod g, Y-\Y) QUS.Q.&: 9 Levykin

4520

oS 5 Bashagaluke
YA

il J s

(Y+YA) Campbell

il Jis

PP IS il

(Y-\A) ol,Ken 4 Cerda

YA o, g Ganguly

il Jis

el anie

(YAF) ol o il

il J s

OYAY) (sl

e Sl 451,

sl e

Y0) ), g g0

il J s

Cuo B diz 5o

(Y0) ) Ser 5 S

il Jis

ogee Jols

OYAQ) o, Ke 4 (>

oo JS

g S

OYA) o 5 S5

il J s

el anie

«bol S9xd 9 9 Ol
(\Ya%)

il J s

sogee Jols

g ails g S ol b goladl Ol bz o515 o j5 50 9 dwgh diile cw)

(s ol jo a8 1 sleadlie gla Sy Jdoas a5 ol Q] Solis ole b= ol
) i ool 5 Sledbl e cpl sy pSTen 45 00 o] 4 e jo Lo S



YA Glo,liess (69,90 e S (5)[7:-&_(57(_‘4.& Oolw,d golaldl Ol L s ‘swwaa) .............

e il 8 golasBl Ol ylud puonns’ sogie Jow —F
cliie (sogpde (Joo ¢ oulid)lS DA 5 wlie gala (o) 5l osliinl b o idu cnl 5o
s 5o (2Ll (ogrie Johed9h o0 L] (xlaw (ol B golail Sl Lus (s sl
S bl el T Jelge Slee Latlyy 658 sy 5 osims JSts Jolge 51 eslanal L
o poiiie cJ>lro (olod (sogtio Joo )0 .0,5 o 5 1) (oo Joho (o0 (ogrie 292l
ot oo (b Jolie 098 g0 (ol Slaal Gacd sliuly o a8 515 4 sla il 9 olse
(310 ot ciions § olee s b Ko s coclic godge il £l o Le
5 G5 aigal 0975 dmools (6,510,5 ogoni ad oyl e Ll 5 Jelse 5 b yuie (s
e (b sl (ol by, 90 el Julotiga 1205 0950 ot Cold 0 5 55kl ansl>
5l ale oS 0gd o coliiwl wl 3 SO segpie
S92 ga slad 1 el sl (668 (raghy atedin s owld JYamul b Jus ()b )
b estie Joe boars ) ululy Coled o 0ede il ans)d 4 pladl
D95
Lo pesiie Il (s 00139 (6,95 aiiiog 1) o SBlasST ogd b oo (Ab Y
Sgdsn Joo b parseis Jalse b b it o dailyy (6951 g Wigd o0 (Lol
Nl g5le o cglaaxlis wix (6 S a5 il Judod pdas ol g, L)
(- g
Sealis by sldie s )Ll 3ldne 03t 93 & ogpde Jie SIS plyion Soles 53

el 55550 Lo piite 2lS 4y bled b 435Sy anl i s lel (g3ladone o 058 00 b

I'. Conceptual model



3,10 095 o pxio dawi 4 bled g 09 oo oolaiwl 5,95 5L adl> 05l 3l Ly (g3ludone jo Ll
Sl g o pie (0 (hiSe p a5 b S ol b golatdl o)l 051 gla gy 2 5o
o3liinl soghe Joo (b g o sl by ilode (S ped () 5 Sl e b et
2,5
S5 6 25 llae gl a5 s talioy LS Sl casea Joa b 55
Cnl
Ol d (l5ee 3551l (5 S o3l -
sl Gale g s szl gan cogsl 5 olubis Y
I ly g Shlus izl 51 e (6l (solaidl Bl )l plie 0551 b (6138 oo Y
Ol
Js gl (n e abez 5l a8 058 blod wb la>de 598 ol (0,5 Slles sl
5 (olatdl olus 5 Gl ® polie (6lp) siloeeS b 0y5lp (culidoged jome g0
ol el cwl e o b asls b badlie gl 0990 slaosls a5 mlaw g
5l asle lla>de
e ubiio ool ol 8 055150 b (68 o3l (gl cslin (g, ol
Sk g
sy el a9 5L 0550 slaesls (60 jglaex I
LL Jore ;o Slawe dslllas) iole,d &)l s>l g b adlie uoss SSsS> LI

(Bl (o)



Yol ol and (6050 oy 1Sl (gl onbas il b (golatdl L e ool g oo
(oladl &\l o il ,8) 6,5 ol oguds g 2>lo o IV
(olaidl oLl Joaw g islo,d Jow Gl jo pge) o0ls oS mhaws s WV
olaisl oLl Jaw ol VI
ple ssbar (ol B Shlus adliwe Sladge wol (v p b g 4208 lolp (gl cnl o
Nl 55k len Hoka )0 &5 pegede Joo (b Sl 55 P jsbay (b Gale B
Jogmi i b b e il b (gLt Sl et sl e oo
VS e e ol 8 eolassl Ol s Gl ool (b cesie Joe L
S A 90 p Je nl 09z )lez g 0ad (b bgy ogd 4 Joe cpl Zanl oad ool ol
CaeS dnlone my Jsl (23w 50 el lgtl (golaiBl &l (o 050 g Lol 8 351
4 din) Joo losliial b g (Glawe 6 S ojlail g (2l ogd 90 4 o)Ll (o Aol 8
ooty 1,8 5 Jolpe (e 05955 il 5l ooliinl 09 . Censl 00 IS51 (3,51 (g1 5 0590 (wlidio

Sl oo ooy ylas K ol o



(.. 9 DEM., u’_nsg) )..I_BLO:I’ e S clblas o pde ‘Lsml__.f Ja.ai':% S e "L5'°':l§) sals b‘)LLA
e —

o jladl) Sl wlals
(Sl 555

ool g o8l slo sols

‘ L P P U T '»

Check
(field/laboratory

analysis/ databat ©>4=))

€ ools 4

S sl i e al )l clas
sy £55 9 Jyame 8,8es « olde ol (Sl Slilills s o L
(‘O)_ALLAT u_;‘| M,S‘&)‘AS;WJJJM )1 :)L"

u.ﬂ;‘L.d C.ug.’j\"'\_abhﬂ
wselezl golandl | S, 58, /SQIs

obaiBl b5l ol g
L ale.
am) o kot

qr
S olals

@bl o )

Suxi o blod g 0,95 3L adls ol5l0) Swlud (6 iluduw ogul ay soliiwl 0590 (b o lw 18 OlHlus 049l cogto Jowo 3l (L5 (slos —Y %



b Gl 8 0591 3 b (g Se 3l V- F

e S o3Il I e oo gy 9590 05T A Ay s ol 8 oS s 0
P99 99y 00 5 oo ;0 Cul 2y 0,5 o3litusl Juo b podiians i 35150 b o 9
LiSal) o cnl ln Wlsiee 9o 5l romw slrogeds jl ool az )5 .ol IS o)l LS
a5 45 el (g0l L liralol pie molis (gl _oebans il Slalllas o (,S)g sl
anlllas 0315 45 Sjg0 50 )3 03l a g 3551 slaae sl (n 3Rl s Glsiear 1) ]
35815 s ey yo aSenl pr Blas ol L3 o9l (i liel 5 2b5)) gl Slawe
i 0018 5l eolaiwl g g co angd Sloe axlllas b o954y 58 sl (699,9 (slrosly ¢ oy
Sl G BB JoSe o0ls olaieas jolaie cpl gl (5,90 3

b Gl b waled 6 Sojlal b (6 iSig) (rizmed 5 Gl B it 95150 b (s
5 Bole) Sl pdy Bl mha jo Ll iligy ao)ys g bl (Bas gujl S s,y da Sl
o 455y el o 1 Gielo S 0 sl s i sloogas 3 L O s
s Jae b g EPM L MPSIAC |l o2 MelS” slo o 5l el 093 00 S cads jo ol )3
soliiul ANSWERS L WEPP L sa] b sbo Jow 5l o> b g RUSLE ,lai (glaasLs
D95

b e Sz @)l paiged plonil S alup il 0915 (Slawe 5B j0 S0 4SS
S T oS gl 5 ol polie BT s ilo 3 & lad sladilze S g pSo3l
5 S IS 6pSoslail gl adl iolw,d Ges 5l diges cudlsp o (ol o

s ) e do s s 45 il b et (SigSa 500 45 Canl (59,0 2l yolis



S Glaieds |y (60game Ao pe a5 Cewl (69 )lse slp el plicin] el Jhgy 4 dnye IS
2 S oo Pl (ol B CeeS s (6 S o3l sl ol Sl Cod as e [S
Sl 4o pe (098 00 5 g Byme g i slado o (gl cnlio lasd Al 5o ol o
lrosls S1s,5 whdo S5 b (2bigr lp clie (8 0dley 09 val> (gulS el
Ao wb as el S8 sleas b Koo slan,e IS 4 peesd Sy Slous 0all 5 5051l

b g b 8 solasdl W ylus sadlge g sl3ol -Y-F
Slhled adS ol (oo iolw b (solaidl ol s 5,91 5 cageie Jow il angs sl
A5 ol iy sl 55 o ollan g o g (e il e )l 5 Lo
Ol @ o 5l ) Slls g b o ollus S 4w g0 0 S sl s ol lus <l
b s e 00el8 ool 3l 50 ddaw isle 8 golaidl ol )l aiiis gasaiws LB
sl b Conl o rdaw sl 18 50 00l ol atws g0 5l plas o Ol il sl >l 0925 (0l
0,55 Ol g aolin qw ) bl ol Gglaie S ol IS S o ol s oyl
Ol gl oad ools L VS o aws g0 opl o (s (iole 8 Ol sl gl
C8,00 5 Jpaze 8 Sloe 28l (o Glb g oy D)l wo) LB s> Ll el
Cowliin (6 9,15 50 oy o ),) Cmisred g S dsj slig malS Lol il S olaé ol
o2l 51wl ool axg ] 4 jeS a5 el aw Giole 3 O ls e sl S0 5l ]

ol oS uals (ool 0 IS g,y aw Gisle 3 e 5l ) Ol sl



YY/ Lng)‘}Aﬂo ($9y30 (o) y S G)L:-*i‘_‘_;’dﬁ“’ u,..;l...:).e Lgdl.\a.’;.é" Q|)L.5 O ‘Sh»L_..:uusj .............

coge s Sl o Jgame 45 Cewl COz slap eS8 Lasil bl pizman 5 xbaus

l&-’ué Q‘QLMA"

S¥SLg )0

(o Fogll) of codes’ Sals

xlols xbw S 8, oo 3l e
skl g W anlpl )3 (65108 gu IaE polic cd),un o

Cewd (3l (L3515 (5,1Agm,
Al A€ Alail€ Ll

o3 Eg geals e

o gl ¥ Ol jlus Lol <l gasodiws Y 5o

o gl ¥ O Hlus s golasdl gbregul -V -F

o Lol i slooss ;o S ol 3 golaidl ol lus 5,51 5 ol (IS los ,Sog, (B 5
S 05509) aw 5o Gl 58 Ulled Ojles solatdl o5l ends ygeil sla by, Lol ks
anlllae polio ow)p y0 a5 Loyl ool 4 do | (gomaiws reud dslsl jo dius (gomdiws B
ol ool o Lil casciun solatwl B wol jo 5 olulil Lol

WS Sloas golasdl (5l o505 50 0505, ke IS5k
Revealed Willingness to Pay or ) 15 (slaceaud b oo [T cilop a0 bles 8,504, -
(Market Price

Market Price Method 5L a8 o9, .1



Productivity (Production) Loss Approach (PLA) (5,5 0,0 <8l oy, I
HPM (Hedonic Pricing Method) 1,5 &dl wlwly o 138 cwd g, .11
(Col 00 o0litul S pg Canyj Sloas 5 s S Sbs)l sl Bawe) LIV

Travel Cost Method (TCM) ,aw a2 oy, .V

0l 0010 Cmd Z>lo 4y blad 0,50, =Y
Damage Cost Evoided (DCE) ouls lim! &l auje g,
Replacement Cost Approach (RCA) o 350l> auje g, I

Substitute Cost Approach (SCA) yuiil> asje by, I

Wby Coewd jl o B anie iy, IV

(P25 GOSN ool Gl el a4 hled o S5, -V
Contingent Valuation Method (CV) by iw b 2wz (o a5, (bg, .l

Experiment Choice ol g jludowe sl » (5,l0855,0 .11



Y5 | ol hos0 (6350 oyt 15U ()l b isles 3 golaatdl Sl lud paens iy o
030 Jowo jloolaiwl b (69,90 axllian plxil -0

G il )8 dsdly SO Ol ool agd cogpde Juwe jleoliiwl b dl> o ol o
Sl 055 (sostie oo Gardai b nae (ol (6l 05000 et 5L l5000 2 00 ol
anBly o ol B slaosls jlgttin 45T (68,90 (o o b ()l (el ol B ol
SG 4 0gb g0 I ot plul > Jawl s 5 adlaie jlacd Glajliens )5 ale b o
00l gy Shlus 1 alaS s (g5l oS way al> o 50 ey ol (pl gl e 9,50,

ds.w‘s,o (59).2.,0 9 g.:l?w‘ 39> g0 (_gLaod‘d L d>gs L’ L)"’?) 22 9 (QL?U‘

a3 0590 dxblg g axllans jg0 adlaio —V-0
o> sl Jowl 45,5 j0 &8ly 005bpS 9 Jloceds o)l asllacs ;90 0dgusne
dibio ;o ald glol Jow (o,b olaug, SO 5l U 50 o iale,d olayg, el Jle
wbenlgr oSl 1 5Sh03 aS o gon oKl jo .cwl \WASZ ol x> VO o Jaul
el 0al S D)L e b B ke 550 b )0 (el aslllas 950 S 4 Sipshn
Slew GPM (slojlaale polad (59,0 oy b (VF-V) (h1Ses 5 o Sl 2 (igeow
2rE Seond )3 oy (Jled plul > plisl mhans (6l ko VY 5L £589 51 Las &)U
Fohe Ve BA G GPM sl jlgale pglad (55, 2 ()L cogdlar 0gr (ol adlais jo Lo
b 5 YWASLYIY « 59, o)L sl GPM saizriw 5l solaw] b aslice Judoxs oo 0,91 55

Sl oo las ek VY 1, Jawl sl (69,91 5
B yre a5 Ogy ooy il glaigS 4 LiSaps oga> ;0 o) axkad caxlllasd jgo Ao e jo

Cawd iyl 50 g Ao,y Ve CawoWl o aisls pl cocls .all asdlae 050 00gase (slo |50



3,90 dalad Cols Jobo .cnl (6,00 gl e o0 VY i | s a5 cenl oo Ve e
Doz £95 5145 (o) 20590 e dnlad (Jobo & rend g e Ve ashad (5009 e VOO (o)
il ,d Loyl ol gols jo aals oLl iw j0 (Goyo Veo) als Saus ol ol

JSCs j0 0l s 0 dls ‘515.2 &y 5‘53‘).7.»4 Sldes 51 Koo Lido j0 .Gl ooy e

el oals ools ylis axlllacs 90 ac 0 Job e ¥

2010 L
2000
= 1990
=} 30%
2 1980 \
JL 1970
3, 55%
2 1960 \
3 1050
100% \
1940 »
1930 T T T T T T T
0 20 40 60 80 100 120 140 160
(Se)dsh

axdllan 5y90 ac 30 (Job & poud -V S5

SB il glosls ~¥-0
dx 59, 45 )b olg, cwl 5 Jeols la )Ll bt (655 o3lail b (ol 3 jlade s
(ol (6 pSoslail ol js5de o ey ankad Ol Lo 09y 0uls ploxd slas, oyl
deglio Sl 5 winils oS Galeyd a5 35 meb (Hpe GhBg b ey b o sl



YA/ db)‘}oﬁo §O)90 (s p S Lg)lﬁui:—s?da.w UM.’L.;)B 651*‘35‘ g”_:‘)l.w} O ‘SMJLA.M;Q,JS) .............
alold o Jlowe S @ asdllas ol o S iole 3 sleosls il jisle 3 (gas olas
el o omlpln cal ouls (6 S osluil Slaw 5 s O jgods g oo 5l o Sl glej
CooS i 6l (gildon loogeds g oolaiwl ool (5,500l G’é‘ﬂ slrosls 5l al> 1o
9 sy 990 )y 3l led Vb el ¥ JSD 1o 0l Shegdse (o) ludim(xban olu )8
oL 5 Sl ool el ouls ools ylis axlllas 050 (gu> Slaug, Ho caladly ol 8 5l ol
S olad acals b o eads atips sl Sw 0gld D925 odleay sulolul o> slo yiolu )8

(ol pgar F o) ol sasgli ;8 Sllgy by (oYL & a8



a5 T

48,5 Hlocacd byl 5008 jo axllan 890 Slus jo el Wols gl Cauxdg jl oled -F SO

ol

Sladasin g o Ls sl (6 S o3lail 5l aw casl ool sols Lis ¥ Jga j0 a5 jgb ylen

Sl ogaie (5 Ll b 5 acsloes adly Lislo b Sl azer g loim oxbaw il 3 S0

Uil B CeeS Slanlme 9 (Sl (6503l sloosls ol ros aidl ol 3 S (59 4



f- /éb)l}oﬁo 8290 (o) x S Lg)lﬁui:—s?da.w UM.’L.;)B 651*‘35‘ c:»‘)l.w} O ‘SMJL,..»U.J” .............

b Bl g (65)5liS Ol 35 e sele Dl gac gwle 55 QU sl Jol>

OFY e )52 g 6 m0) ol 30, ol > oyl

(ol 45,5 30 198 05 )95 il (po ) axbad jo (5 5Lelh wlw y8 e g Sl =Y Jgu

Slado a>lg EWL 0

N )'“A&S"’L“’ Lo )Ll Jawgie (2 2

i FoHl o Lo Lawisie Gos

0 o shles Lo L Lasgia alols

108 e o ot Jsb

Y e s wil Gl S S oo
AR aSa flo o SkS Sl ogaie o>

i o oo 31 4l ol p S S
Y- P oy Lwle s

3> Jore 3l g oals ey S>3 OV ogwjb.imw@aw)o)y}nolb))o%;@@
Cawddy polie g, o ol 8 e Sk Jdos oS Conl a5 ) LLE el ool 7 )1>
T Gislo 3 5l ol jiale 18 038 CoeS B o g ol sl 3 Gz_’éls)lm)'b;;oSo.xJ

Sod axdlln jo xbaw g le ¥ OfHlus <l -Y-0

J;Le Lsol.a.';_g‘ A )'| as LS)LH:’_G"-E-” uwl.w)s C.:)Lw:} oy asa>Lls Ls‘)'.?‘ p.co‘ )‘| L_,’_'>).3
ools 5.5 ¢ axlllas 050 ddlain cw)y .l 008 youli gl ol V-V 0 jo die g5l oS
—he Galed ojlls 6,508 sl Sl slawusil 3 (BWS Gyls g gl

Oylus> Jol szl g oo AS Ganaes SO j0 0l po lid axdllacs jge dilaie gl g,



Oygods Jowe l ) Ollus g o ollls IS aiws g0 o 1) gl oddaw ole )3

WD yould y3 335

b Gl 8 >0 Olylus -)-Y-0
boes 5 Sl alie 3le iy o il Glud gl s ollus (Lol sl
25 9 S bt CodS Gla Sy Sdl g Jpame o Shee S8l Ol ] JSie
b s anlys Jols 5 ol abls (oIS el lodaduie ool il LBl @ Lol sl S
Cydgazme Gialil 5 5 Bes Gl il apan Cosgame sleul | G806 8l pl vy e b
S glapiST3 5, Bl i dindh 51 L5 48 ol A, draags ot 4 05 ;S § K
izl coip pa il S (o 3 50 (a0 S 5 S (oo ot R
25 Sy 2 Jaie aalllns gn aspin (sl 5 e s il sl 5 Lo

R
(52 4595 550 53y e ol oy pind ol ol 4) (2138 olie BI -
Lolic JS 3! -Y
(el om0 a2 30i| Lol ) cye,S 4 gl EY1 -Y
Sndydeds shals -f
(5T Slyis laiml L) S g )5,b il -
& o Jpame (oo I -7

2 S 2851 B e 3l aalS Y



BY 1 ol lho 6950 (ot S U g b ambans il b coliadl Sl lud pnd cslid by,
sl plonil LB ailate (e & o0 4y ool,| Colsls LS il solazdl &l 0,5 oS
Cydgazme shlo)piulu B axdly 5o el)) o) dpaz 33)) Al sk 5o ygl ol
Sl Oled 3,915 sl cui S p 09d e el dilaie 0 ) Ceasd bl (0>
ooliiul 5 IS8 & b )0 Sl jlud (g2 oz ) aslllans 90 asly 5l Jol> oo ol 3

S g

on 3 O gamo i)yl oy Ko iyl SO = ol 438 5 b )l 308 (5 sl b il S S p O >

ST 095 43903 oy of + o5 sbo! glo y B (ST Ol g (5199 0 yos O i 31 + S ghrodlgo oyl + 4
ouw il S

aisls Suielg e (Do o glhasil g S cughby asgail Cal gile oS ol )$S LLS

> g ol dhog> 148 0 o b |y (6500 slazdla, ST (5,085 231 51 40
Sflee 2l jo oiles cpl 5l i andl 0sb e Slade T (gile Sl cnlply ol

QWLSAM;J'L’")‘)UL‘“’L’“’)QSw‘w&l}w#)oyow&lfulc@kjgm

b gl 8 Jowo 5l 75l Ol jlus -T-Y-0
Ol rizan g 4Bl Cuigh Gl o Al Glud SB ity L5 o L
S Shld nlple @l oot Cavsimmb 5o 55 Gbed (el B 5l Jolo (Siwwes >
Sl SIS b sl e g3 45 ol il & g0t Bes sy 0 950 andly s Jors
Slgas ) 5l (e aldl sl 0l Jomd a8l 2ol 3 S (61055, Jil jo 5YL Lol
& 2o g odd Bobe lad Slb > a5 oud ) asye 5l Gy, Ly b oolyen ailoy,

wbw wou..ub LSLQ‘LL"""‘A 9 LQJ[J[S 3o WLQ‘J 39 W) G?(.E.w ubb)} ‘;Qyiﬁ



Ao Dyl w0 90 dndly jo yiolw )8 o 2 )l (solaidl Ol L ol colys jo el
5]

el 53 (2L O S8l 51 (LB ey ()] a5 -

ol (5 lsgmy (2] 0 Siw 00> (5551 oz Lol Ao <Y

Cawd ym b L_5,51)1 30 Slgdl i b (65,55 anje yolisl -V

00l (605w ) (2] (s dpdsa Sals ¥

Cendmly O3bxe 5, LB o o IS gy il -0

hw ol > Sodl o s -

23 Oge & Bpoge ol B asdly Jow sl golal Sl (g pa gea ol S
Spddeas als &l paa> ;0 oad 45 olee a5 Sl 53 ALLE 0l sy awlxe
ool @olo 5 il jo Jole 8 sl o il s Ls an o

905 4 3 sl mo) (98> g o i) 51 C81 = il 40 F S 41 509 vl B Joxo 31 7)1 O >
Oyl milo (3 51 i1 331 9 pui s Ot i oSl 403 3 +Lwdml mo ) 3 03 w9 Kiw (5597 202
! 9 O3 33 Wgw s Sl U1l + Ao DL > FogIT

Shosliial b oo Jome 5l g 9 jo b kit o g oeiians Sl 05515 (sl
Jol> a5 sanl Cowas dae oK1 g 5,5 8,91 a5 1) Wl cpl oo slo g, g alas
5,5 Sl asl Liole 3 dilie mawasly o ) aiiie Ol sli>] xex

el Qluiizl BB 5 75l @ dlaie )0 Golu 8 il pf Ol ool 5 S0 (&

(Jls! pas 4 30) sael,o wlie o o5 51 (b o M1 sl (e -



BT cla5as0 (63,50 oyt 1S (o biim s ialisd (golamdl Syl Cynd ool g,
e il Lglai 5 e 3 5 ol sloeslz) Sl | slocila g 4 0 3y s Y
sl oo 432 5 (& plee
&) oley Soe lp padedl IS Oygese cans b 0pb el Of el g Y

@&M}6|ﬂyﬁ)www—v—v—a
2 el b aS ol oo sty JS Oyl e 5l 2y Ol g o s pes
Sgdign Jols mhw axly o Olus iole b L ibeos dibie corlue

U331 9 & 03101 BB Joo il 7,46 Ol s + b0 Ol jlus =05 O jls>



ol lixo £l321 38 i lw 8 & lud solasdl 8,91 —F
bl Lol lo Giole 3 Ol s golaiBl 0,6l oo anslis sloogd ¥ Juad o
2 el Gialo golaidl Olilus obs)l Cojeme b cale mlio (g g 003 )15 o)l
lop)] (60,8 (rbams (ol il 035150 (sl Sl 0550 saspie Jae ozl
D)l o9, (7 S o500 0 9,500, (@ (iRl anpe 9,50, (Al 5l wsle

Dl oo Obe FONRY 40 A5 e 6)1[.&;;3)')1 5,559, (0 g ods !

o gl ¥ gl o OlHlus golaidl o449l —)-F

Slys Sl (e 951y ol Q) (b il b golatdl il 5505 sl
m 5ol b L M5 oS jshailes sl ST T 10,8 sl S Ll puolic Ml oS>
5559y 5 (il 0509, Galuyd Gy anie b Ojlus ead golaldl gleogd oy
aS oy Sl NS 8l gl ioren 0l diales s dwlsl jo aST Sl (6590 0 S
ol B Jow 5l 2l g s oiles 5l (Blaas (Bas adlais )y (s il 3l A6
g slaxl GT glassy ;0 dbgpe Sidu ;0 45 eud el ale plie ;o (LSS g (ol
RGIUW [P W R JE°
Sl I polie BT golaidl &l lus —V-)-F

301 5 b golazdl s gilo oS (sl oad ol Slining g Ly sdac o
aip p e 3,509, b by, 5l (e ale B ST e (S gl g S olae polie

uabwuib@ﬂwbucsq;bmjlbwg)jéwdhwbw@obw‘wﬂb



B9 1 olalpor0 (68,50 ooy 1S 6l aonbins il b (50latil Sl s penns i s o
meolyz ST Jle lsiear ool G 3Sale b Jolae an ol eslinul b )50 5 (o) 2 <23 5
L S ol yolie ) jan Glie b oS 000 1) ey (Lol 5o S (ale b an e
S Ao (6355 Olge b S (gLl 4 30) Jobes anze b aculons ol 8 5l 200
locwed ookl b (3ol Slge anse 6> @ez 5l s o)W ol (Soizmy esed
Jedods S s jccnnsl olde olge IS S Slali Jlade poad 51 e 09 oo oolainl g l50

OF ) g oosl S95w) 0 3,9l Voalal) 5l eoliiwl b aln Jlo jo Siols s

Dun=S*M
Ao, yS L S olali ol S “a1n Jlo jo aid) Cewd U paie lado Dun alal; ol o

Gy 50,5 0590 olie 1S do 0 MN (el 5l paS Sl j0) 0 K e

Y WP 0)5—\).3\’ alal, sl (n|n Jls o (531;& 3lge C8) 00 S aes

An = DnN + DnP+ DnK+DnCa-+...
ui’})| S w) Cwd }‘ gsf‘;’-é ).cL:.c C)‘)-.*-.’ cS‘):’ u-*-w-’l’ <5L‘°°95 Ceo u-‘-"Jf )-'a-’ )»° L

D oo Al alayly 5l oolainl b polic golalil

V = (PNDN+ PPDP+ PKDK+PCaDCa-+...

Sy il Caws jo adlaie S el guls wboads Al Slae yolie CowS awlxs gl p
Slidss i cwlbaS > ofisle;l 5laS dilaie £)l50 51 SO S 9031 sbrosls 5l wpe 0!
A oolaw] Ogy oo A& ‘_SJLo.w ub‘?wbet«ojé))gw uLQ.»..O.?u ;).4 uTagjb

Y Jga=)



axllan 890 adlinn S o leowd 650 3d saaxin S p-Y Jguo
o.C

g Clay
-4
)
:i \'Y
w
o 8
<
Rk
Y
<169 ¥/- 4

JJade

VOIZ VAR IYINE | /AL | OIYA

Silt Sand T.N.V
A
¥f ¥f fY/OY
o 5 Z <0 ¥ N Z
§ 8/ 2% & 8 t Y 3
@ «Q
meg/lit
Y (fIYO VY # /7

\/FY

S.P

YYiva

o =

ppm

YE-

EC | pH
ds/m
AR IIN
o Z
%
YeIY | -IYY

owlig ¥ Jgaz 5l a8 jshailan ol 6l ¥ Jga 10 (355 dlge bawgi ol (3ol 450 5

axdly ol 5l 5b oo Gl i slye 50,5 el el A logi ygebes AANY Lras

e yole Bl a4y 2o a5 ol 351 L4b oo)ls il (Sile @ cnd 03Y (ol 8

D9 o)ji).; LGS o QLABS u%lm VVF Sgum o0l

(Coml )L 0 512 P8, 5095 lgo b (2 30l 438 (g b &yl 059l @l -F Jgua

aoye JS | e aly cwed |l o)ee Hlade Slp oS g5 S92 ol 2 paie g9
Rl oby [ TSNS | a2 iRl | (S5,
Ogekee) paie | oaleo)anlllas (355 Logl>
(Jb, 2 ebla b,
B ducsS
=SS
(355
NV VY YYY. (F57) o, V198 N




AL Glo)liess (69,90 e S ngl,:..i':—b_?da.w Oolw,d goladl Ol L s ‘SMJL,..»U.J” .............

\YIYE vf VA Sland y gun Vo /¥ P
(0w y
VOV/O Yo YYO Sl gus VYO K
O /)il
P Sal AIY Ca
\YY/¥ FIA Y- JolS g Se 065 OIY loally Soo
a=lg ) (5 9kS =1y
(pSskS
v bS5 Jom 4

Al dwle coze> w0 Vel S 0 S wo o ol L@
Mwﬁo;@}ibgéjpdw&m)oépualyjLmJBQoysimTJAoag:B

55 kos il golaidl & s ~Y-1-5

3,529, 3l Jpazme <315l (L850 golamdl & )lud 59l (gl 0nd plowil (Lo ) 2 000 o
s 98 4 ol B Ojlud (o) 2 98 (rl )0 Canl ou osliial (6550 0 (1B 4 pomge
5 ol B g58g pln )3 () 5o 0l CuiS Jgamme (58,0l Juld 45T Cunl s LB
ol sl B 510 ol Jgamme adg cud b 5 S (6)9,b aeail <l ien

sl @8l drngs ST gyl b o ddgs ol 0,51 (sl cilies (sl Joe g Wnogess
3,815 by, 03,5 31 a5 (Ve VA) Gl (Sem 5 Panagos ag) 5l eosge gl (guoy 2 51
G2l LPL 5l (ol & 50 a1 Jgame (5,5,b <l cogeds (pl )0 b ooliinl e asyjo
(LSe) Jpame ol CA S avye o (Uha) CP Jpame wlgi o)l (1) Geoj 5k
g g0 dlons

CPLl:LPL XCAiXCPl'
Ak Al b Giole,d gl 51 (b Oyeo @ 55 (LPL) (e (559,L <8l Jow ¢l o



LPL SEA 0.08
= X 0.
TAA

oolitwl CGE Jow 5l Jgame adgi g (5,9,b cdl Sowarks &5 olucs! gl (g, opl 5
(ods}é‘ w))‘ VA) d.oJﬁ‘ Wl?- J.A‘j.c 5 S| (5““"6 &_J)Lw} 0)9]).’ ‘)lf LJ"‘ Lg‘)" d}stA
a5 ol 01gS B @ ats Jolge (pl (03Kl GG (LS (6908 g Kaslo j dla ey (055))

ool SV il a3l YL Jake 4 5o

g;—1

g;i—1 g;—1 gi=1\ "o;
VA; = (aiLal. T+ BK T+l ) ;0;>0
axoi b gilwancds ;o g0l o welil aiiie bad e 559 00 Jeloe 7 9 B @ sl pxie

a;" =1 -1).q

5o e Glolud sl Lol olllus Jawl ddhaie sl jliess )0 (69,90 axdllac ;o aslsl jo
Oyge & Jpaze Dawails <8l 5 g 6l Sl Jpame Ao 99 ) aalllaes 50 (o> Sl

il yd 531 50 ouid CulS Jguazs oy il —)-Y-)-F
5 olas oo S mhaw 4 ol Cais g 0ol sloul sla Lot sl ululp  Slowe Slewlre

VA ogam 558, G 5l e 5 Sl (g5l b €S 5 s Sl @y e A7 (23,00
S 50 0,56k YYA ogu> Jolee il 4y joeio andly (o .cwl cabcisS Jgasm oo
o Sla Lusia ool 0ah JiSa 5 IS5l Jyama p,55hS Y0+ 3305 5 paiS Jpaons

a2l eosbaS g slocad slaliess gl LS ;0 5,5 lS VY e 0 adlais puiS

1. Computable General Equilibrium



O | sla 5000 63,90 (omryp 1S (g Lot oo ooy olassl Ol lud Crsd cwlid gy e
NS 0 olagi gabee FIFY 390 Jolaa paiS Jpame SN 50 )l Ojlus 5
il aopo S g ahe 28l 0o F (lie  paiS 0SS (2 el &> i) £ slie )
Jyame 23l logs S5 YD & jlus Joleo g V¥ Jlo 1o logi 00 v g 5150 Vo cawde 8
Jlo 50 IS 5 ol 50l o (sl plag V1o Jolae IS 5 ol Caed) IS 5 olS

A dwlore (8,5 13NVF-Y clad Lo AT F Lo jo cand aiS pas Jdoa)V F-Y

(539,b <31 £ ) wdgi Gaw asdy <8 -¥-Y-)-F
5 it g Gl b el o iulosd slil 4 o puiS Gl o @ Sl &5
@axgi b.2d,S 18 lwe Cdl F 5 aed dandllae cpl 0 aS el a0 5l (VFe ) )5
Gl Ginlayd (ygais a5 Al 5l ooy Clutml b s o )0 (g ibed inluyd e )8
S o e (0 Lawgie jebay dxdly plaS slo lis Olawbre da )Ll lawgie Gac g o)l
il 5 e et 352 0 xSl Sl il FIV ol oo calllnn 3 50
Jolee sl 8 cpl o oddaws oals Al S1> el jo sl 4y o )LiV oo (gas,0 O il & 5
YAY Lials Jobee cdl pl ol slex ST Glgiw sl adgs (s0u0,0 YYIO (5,9,L &4
U RPIF JTINSPt JOU PSP WK N IENCKI [N N AT
o EMl do 0 g0 Ll F 5 L p SelS 2 gl logy YVO+ Jolao VF-F Jlo jo a5 puiS

ol aalex ool Jlo 0 LSe jo legs yelee OIVA aVLL &l .ol

ROV I3\ IV LI IWESKOYY U % SR 2
S esglaS e g slag) e Jelge 3l sldanoy acgemme lawg (65,5l o) 0]

Jolge plas goladl e slo yial )b g Jolge &l 150 cac 50 (55,9laS (5590 00 sl S g alox



oszs cnl b ogdise s ey L g 4y b L Cosle 15 5 (S g (olo>
ol (ST 003l oloul Sblgs (65,9laS e o3, 00isS s Lol Jule coladl Gle laie
@ S pie 6 0k puo Jgo 8 0(65,9laS slapey (6105 55l 4 bgsye Slalllae 4y a5 b
Sedien ke 1 Glroygs 4o HUamily jse 053l o (65,5LaS (e (b G35l e adaly &5

(YY) ),Ken 4 Sant'Anna)

L= Ec(Resn)
t M, (1+7
i=1

5o Al 5,90 (golal all> 0oL Et(REHN) ¢l ey (golamdl by I Lt abasl,y ool jo
s 5l ey golaidl (6,105 Clond  siw sogd (o .l i Jule 1) g (el 4N 0490
033L lp sk Sloredr (65,5leS Wy Jgazme & golaidl claS b L oosl 3 5 slge o)l
033b b aies co i yinS |y Gy ol Oldlae 5 solaws Lol caisS oo ool jUail o g0
G5 b (SoSae 65 wiile GYL ) L (L) 6,5 slacldlas 4y has sl esll
(VoYY e g blw) g Jolis |,
(€3 BVL) ey SIS olaidl o5l gilw oS Gl 2o (Y-T)) o) ¢ Kik
w9 B) dasmelan; Gloas (5551 «Y) (rey 559,b b adgs codb 5l (ol & jgoa

50,5 iy 5 (PM) a5y e (slaai 5

EVL = P,)Y + P,E — P,,,PM
5 sl Canny Sleas co8,b (SQ) S coaS wli 5l b og> 0 Slee o8 )b

Bolo Lol daore can iy Gloas> cud,b gl 50 iyl il en el S Cg poe 50

S C TR CLW



N LngJ}Aﬂo EO)90 (e p S G)L.?*i’_s"-‘a*“ UML..;)B Lgol.dﬁ‘ C.;‘)LM} O wuwb

Y = g(SQ,E,PM,W)
E = h(SQ,E,PM,W)

500 Gy 3 el pi S5 g e3l)l 5l gyl g el welBl b aeses Lasl 5 W el

Dg oo a8,5 (a3 5S> Co oo b Q\ggmm)}b@}gdbwuﬁﬁ

GRS ol )8 drwgig ool pdai e sladsg, lbuwly o S Cu poe jo s cplplo

aale> 35 hesiwd b o) (gobamdl il &gy pl jo g eals S eSSl @ i

(S CahS Sl g o w0 Sl gl ytell 5 Wadge (e LiiSKes s 5l &, ol by o

5 Ghedims b (pe) (SIS A1 S Giole s ol Zy pae Sl (o plgrea

L silweeS Glply & IS cogpdn Jow (5585 ol L (VYY) o) Sen g Kik .09 aalg>

- PpyPM:
Production costs

service valuation

+ PgE: Ecosystem |

Soil quality sQ

i. InpUEsgpbliersiiizanahiaalndinaiss patnian sotr s s an s e S AR S dE e B s R e >
Actor context
EEEE— Government ---
Inputs
L —)
Soil quality Arable farming s
management management Leglslatian
\ 4
- * v Production
Soil management Crop management management Farmer
SM cM
PM
A B
Land use activities LU

Manaegable
e | Crop rotation

T -+ Crop

« Cover crop I
Inherent + Fallow -

soil quality Cropping plan

¥

=‘

Ecosystem services E

Environmentally
engaged actors

ii.

Arable
Production
System

Value chain

iii.
Economic Value
of Land

o

+ PyY:
Crop revenue

+ PgE: Ecosystem |

service valuation

9 Kik) el i £ly) (21)) (619 (EVL) (gm0 g0baiBl 035 (omrd (o900 Joo -0 JSC&

(YoTY) oy K



dmlono B8 g asrine ey (golaiBl b3l s Gl Lol ol yo adgs o b sluslede
L3 sloay ;o &5 Sl oy BB L2l nl sl S addg Sedib Jo3 £ e ]
Cong ) Dlodd oyl sl ogllae ol bl joled sl o Sl a0
cdl Ghals s b o o Glpss 5 dle a0 g ey SIS 23] e 0 (e
Ot 3l asdllae cpl 10 cpl pls s Cawd [0 guiium g oode ool g Sledbl clllE IS
Sre bl ol oolatwl ey golai8l o, s lp adlaie Bie ulwlp ) Codd
ool gLl JB 25 sloan 5 35250

S 5o legs Goplee YO+ aeS ddhate )3 (Lol ool joloxe I DS S5 o

Sy Glegi ek Y+ 050 Lol ool & jglone o N WS o)) a8

Sy legi aadea Yoo B VAL Sgas wid e b cewndVLV g IV IS ol)) a8

2l Lel 0o ()bl g S gl Cusgaze w8 o1 oIS ol sl S8 LLs
3 Sl Cosgase T WS Lol s cod judai biewsgame > sl T S
Sl gLIs IV oIS Lall i yls (g0l Cosgame g)lal slp (Jg il caas go5 ks
6oL s dg0me Lo VS Lol aies ol lalS olp oo o] ogame S
Mos VI (IS Lol uioren (aigd cod doogi )15 g citS (glp Yool § s S (4l
(\aY- Mahler) scie cus LB e

5 il Logiias a5 ol 39> 40 coils oM il 51 256 ey S5 o3l ] ol je
g1 DS 5 canls g coblB oS il (6, b8 duo,e IS a5 Ll 5l sog yialu )

D850 55 Glagt sebes Yo 350 araS (5951 o, wilansls IV S



DY | clo 5000 (6950 oy 1Sl (6l onbas islos 3 (golatsl )l cyn i g, o
b il b oo 51 2yl @ )lus golasdl 5,9l Y-
Oy o)l <8l AL Ol pgeme Jold oS ool )b Djlu ol ange
2 onY anie g we ol b 65, S Slles anie 5 Candiml )0 0ad (5 g,
2Ok oY e slaan e bangie wluln (29 nY anje Col Jb) ce 2 Qo) S
ol Ol Sl casjle e 5l ) Siles 50 508 (pdzmen ] s Cawdy dilais
59 oileyd g58y o 5l e jo and g 3955 polie bl 5 GAL ae S
oS Gl slajlE Gye a4 ol aclar 3 S JT )8 aisgail 5 aolio O a0

arfllas ;o ol yoed VATV 0 jo o adhhis (0 ey S 0] Al 09l

2] Cudgaze dloul ulul el g CoblE WS cdl Jowl dalaie jo oaliploul (6950
e I R R CO TS N A L VI [PV G SHRPRE SO Ve
Al ad S ks e Sl )l Gl Glsiea eol> jlae woys A B LY 4z o
DS Gle IV g oo, (Lol casls g o8 la WS )5 0 (8ly5 ey 555 iz
Sl loca ) g (i Slabad b (5389w 5l lie dose mhaw 20,5 S5 50 b enl ol
Olog Ogeke 1 0532 (O] Jowiliy X5 51 G35 S J55 51 (S50 ey (golail 35
i LB (oled glyo Sjlus 0 (LS mde Bl pl e 4 il ol 0],

Slolil 5 55 BB Syso 8 0, 53l G35l o line (sl S LT 51 Ll



hrelan; Ol S plpsd Sl mlde 50 Grizmes 5 0edee IS ) Sk

A gapaids e 5l 2 Ol olael jo eyl jo 09l oo B

@y (29nY 9 5N Cawy Ojlus -Y-T-F
T Dyl plgieds cawsml aoye 10 (5 S g I (AU e Jemxie aza o4l 5
loslanl bl sloy cewled b &jlud Sl (2b3)) oy, 5l eolatul b Gialu 8 985 Joxe S
Pl gy (e Wb b (S Ggasy Gl 35910 (sl 09wl (S Jlae Goiov
Rl @lp cd S a0 aose 6l (SDR) Ggwsy fr9o8 Cond lgrear 1) a8y b b g 0l

Sgd oo Joe wlioo Caws 4 Cund ol ;o IS g, Z 5 25 Jae S wlel p os

Y =E XSDR

Sownd SDR 5 05 e Ginlo B Gl B oo cns 2 )08 0smy Gl Yool jo a8
Lowgi ool plol mlie (g 0 liolp ceolio SDR ot sl B0 )0 o 3 igmny o959
oo .cubl avogr BB (g )Ld) daw Giolu 3 g aisls ubde gl (VWAY) (g0l g o
g Ferro lawgi ool aogi g, gl arwgi L (Y++9) Ko ¢ Vigiak lawgs a5 b,

o oslaiwl isls laws asls wlide 40 SDR 0,4, (sl (Y220) Minacapilli

SDR = Exp (6 tp)

Sgl o 48,5 Hlas 0 ) Jolee Sgpm lp wlide (pl jo g Sl alinly (ao9>) avye
o9y oolelp a8 cal 5505 ey ples ulide (pl jo &8l ;o tp (Y- ¢V Dutta 4 Bhattarai)



OF | sla,liess (60,50 e S Lg)lﬁui:—s?da.w Oolw,d goladl Ol L s ‘SMJL,..»U.J” .............

LO8(SS + 1)°7
p = te=0.6T; = 0.6— 5o 50 < CN < 95

o9y 5l A canl S g 0,8 o8 )b 9SS cails Sy yane Jeb L aolas ol o

t

Slp 8 el dsals awgio cods Y pizad .l oo Cawd 4 (CN)  Sio o,)las
Padbise p) Dgar 6N gy Syl el
& aidlilod Sl plos Loyss addlie cnl 53 o8 (6 i 0m; lie Gmetd 5l
ol gl e adl il il jole 8 S ol ool Jaiie Cgus,y g 00 Jie Cawdyml
g Sl 00l Z)> 50 ey Cawd ol 5o adlllass jge adlaie 5l ol aiaS S jab s g,
Do a5 Sl ilre 5 L JUI 5o g, cllil alaz 51,00 bl o Sl s cge
dwlowe oy dolee 5l oolaal b @)l ol ggaome jo sl dile B o9 0Y 4

IRV PE

O=YXR
29nY 4038 C g ca p I Cgm ;) Gl Y(Jb ) 6,13K05m, &)l 0 ‘QT BSOS

Lol Jby o gy 5
@ T plp gove wamy hsd Cod addllae 350 lies (sl 358 Dlwlxe ulul
Jolee Gl ooy axkad ;0 00 plowil (613805, (e (22 0l b el Gl oo
25 Wolre 5l eolatul b &lud i o608 Ggmy Gl Gmaetd 51 e 0 3591 05 YYO
worY b sbeanie g wloly o9pY anie b 358 oyl 4l b >
Dol oo Gy dilate o Ll

Olegs gk O Joleos 139, Su gl (Sl Jo agze @



i Aee g 12) Hlogi oudio VOIY 8905 10500l b Sligusy Jo= anje @
(Olegd
Ol anze by, wlel p 6 09w ) 5l Jol> Jome 5l )l @)l bl cpl 5

(o, o 2 il Yo V/V) logs ygudn Yo /Y Jolao (Y- - Anthony)

shnxo Com § (FogIl 4ig 30 -¥-¥-7

&ozS 5 99)5 Gk 5l s Joe Sl Sl ey oy Lo 53 eud sl (SuY
ol Ao edledr wl aalss o)l sl ol @lie slaac e p3 jand 5 ()39 polis
3 o0 8l SIS el iy, 4 o8 0 aslsi e 55 Sl 1 (5 gt Slils a2 3
s o 05 5 (Sogll a3 daloe (sl s aalss el )] aime o Sl L
Garcia- gl 5l jaud g ()39 Bd- alie 0515 sl g jshate cnl (sl ol eoliil (513
ab Fp 5l as el (oS asgail )l Gluss! gl g (Y0VY) o)L 9 Hernandez
2l g, VVEY 25 g jol> Giagh olej 5o Lol aslesl )5 15k 5o 005 Sl
Solp 5 rli yols asllas loy jo .0l oolaiul carboncredits.com x> e o (02,5 o5
A dwle (9,5 5 e gl Yo Aele ) oY Joleo a5 090 VY Joles 9,00 b Yo

Sond PR L (U395 OF 2 sl ¥ Vo) legs geke Vi jg s B aie

Soy3 B0 Jog
Giad (5 52 sl ¥ VT 0) logh jl5a Ve v 1)aud Bdoansa

(S S Cdy,00 05 @ ly Yo Ao V) flog oo ¥:CO2 55 jLicil ain i



DA 1 (6la a0 (6050 oy 55 (6l aonbes yiloo 3 g8laidl s cyons i b wo
I olhls 4yl Cpnns —YV-F

SIE Jgoz 50 zorie jsh (v (ol e Sl )l 9 o Olllus (o5 jlade
3O P Golu,d o dlaug, dsdly S Ol 48 S8 js0 Slanlre bl .ol ool
odd 6 pSolul Bpme plgieds () LSB ol Ao ye Sy j0 45 033beS g ot lrens £)l5e
YED ogum jo LS SO mhaw axly jo & )les cpl sl o0gs Jby ol VYTV S0 ol
5L 5l el B it 5 03 e (32 Gl 3l e LS oS 009 lagt (ke
oLl 5 31 3] el e 5 gl 5 s 5 ggamen s gl ki o35

03 950 leg sk YA dgas aslllas 3 )50 Joee ;o (Bye giend Dl i ululy (e)

Sl 40,5 s yl5000 50 axdllas 3590 Sl gy S Liwlw b Ol )l Ads> -0 Jgue

OHled CoeS S50 0,500, b b, Ol e S &y @,
(Jby Osed) g
AN Sl A e S olae polie B! \
DY/AD 63900 S8 syl Jpame 3] Y
e JL“’ a8, L
L So9b <l
OYIA 590 582 S Saeaids caél i)l >0 Y
S s,9,b
V.- ey SIS golamdl Lyl 5 e L) (Se 351 ¥
VYAV b o Sl pox
Y-¥ 3 g,y bl 5l ool o)lus N
Sl g, 4 3e .
Cawd iyl 22l
Q- ’ . ‘ o) Cews ymb t5§.L<,u;;3)')1 ] C)l} 4
. B . 513 ‘50 - A
o DI sgamma b ey conlis g CblB | e
N-Y) o) Ker g SS)
(¥NvS
Y00 U 5l )l Sl pa




VWYSIVO s JS aox




I /éb)l}oﬁo 8290 (o) x S Lg)lﬁui:—s?da.w UM.’L.;)B 651*‘35‘ c:»‘)l.w} O ‘SMJL,..»U.J” .............

Olsloiuiinn 9 (5 S A=V

el B Shled s cagie Joo Sl osliial L asd S O j50 e sl o 2 ol
Shlus Gl ( Jeds flul > bl jo ol dis )5 daw (iole 8 gos> olas ) e
Jolas olaz; oo 51 ke 5 jgloma 25 04z 5 Ol E58s Umme o az olas, cnl 5l Labas
3wl 00 g ddlaie e Coslle Loy 3 LS (o Sgi> C_'a.».u 30 Hlegd yguks VVY
Tl 09 oo 3l g 4l il p S (5 OV @b (eS (o) 23,90 039000 40 45 L]
aw) Hlegi 15 YYY sga o oo, a8l Jolu,d S 5 o slil 4 ool &)l 0uls
7ol 35505 loj 58 5 555 Cend A el 0 05 Syl (b 58 dus g das 5 gk
& omizmen sl Glogs Jlia AT Joleo o1 15k 50 ¥s (ponwy e g5 VEF Jlo s o
Ol e Sy Cewl lags Jlia V£ Jolao 83le5 5 1 Yol ailels jo  d8lg5 ;)
e o o Sl oy JS 3 ptlor aallln JL 3 ol asdly (g0 &l
b O yled riad 09l o0 390 Yo YFASP 5 VAT sga  dles g ol 51 F 5 bl
TIAY 5 ¥/ oga bli 5 o315l &5 el ol @ b il ol b S (5 e
W 0)5]).3 a8l b, S o5 e sl e (Yo

b sl g 4, I S 55l 4 b e golaidl Slawlxe jo elul (ol
bl LS i 6,500 Jelge Silicos it 3blis jo &)l (8,40, olael a5 ol
oo Sl Sllas JBAT S0s g adhaie )3 sadss Jgame g9 cime) ddgi Cod )b e
Slr ple Colged Gl cpl o osliinls g0 e, 5 ol Hhb (egeide Joo b (nl bl
@ losdy wlghge 9 040 ;585 10 003LeS g ol sl jlhens o lie (slaosgass

ok 5,9leS pol) maw jo (aw ole B slaslas, 5l LU wllus oLl 6l 251,



oow‘bsdwsﬁ N RN 43])\6[,_,4)4}9;[_,3)3)‘)_9 oﬁ)lfjodu!}w‘ S0 0

39290 Jolax @ ax>gik (solatdl slaan o g )l Sbjyl g 4 pis (pl jo el &Sl oguds

S axly 3, g Cmass $93g oS Uygar Pdaw ol s 5! b Sl g ol o

“"9-“‘ L

slos i g 3,15 845 B 3blo b (P Jowe ol llail 6‘)‘.’ dLQUJb JRLEY U"‘ 50

5o le la] pal a5 09l blod b os ddlate 4 atws Sla>dle 040 0

(byyive 6 I35 5] 5l ookl (i Sl (5)l3k e slogs)l 25510 )l

Sl Sl 5 63985 halS p b Ol jlus > 5 golatdl Il s 6l500
opt 5 Sooll 5

S slaly Gowasds Ol 31 Jleel 6l il Joe & 9,0

Trbope Vo z,i b B)late L35 75 anbre b gola8l &l a5 Sl jg,4
VLo 98

S slos, S5 Koo il 5 sads il Sl 513 33

w0l 3 )5 S Sluil (5)led0

(s o)lol an e Jle plgiea) oad (68 ke pu 4ty 3o BT I S50 @)l 591 5

(oﬂ.é50955M‘)39},.E5 OM;QJJAS‘S‘B)AA odl.e‘igwamagb‘ﬁo‘ a0 @

2

‘_;Sb)..\é 9 ,.iw 3y

5 b Gled golamdl ollus Sbs)l " Slidss ofgn 0 jgbiws gl 4 i ol

SR AR CTA R ST 1 IO gRUFTVPONRU L PR SOV IS P KU OO S SR S PR POV



Y | sla,liens (69,90 e S Lg)lﬁui:—s?da.w Oolw,d goladl Ol L s ‘SMJL,..»U.J” .............
<l By, drwgl g S il 8 el €|9.3| ol s gs’ltfj)"' C)L’ J3 9 VFA-TY-YA
Sloiin g Coles .l )bl § S cbli> saSangh "olpl o bl 6 la85cw,3

ol (S0 508 5 A5 Cmge 4 sl dul 9 S cbili> saSliays;

&L

PGy JJ9.’>U w.u.a K9y 0l rol.?u‘ uLO.».D.?u 32 Sy9m Ayvay u,u 460‘).9 “) “_)Lu -
2y oltile)S oLl ol sl ojs> gy 5 Glalu Slee o syloniel S g
BY-08: (FYV) VY (Ll I sin] wskigs 5 pole

arwy & olows Gygpo (ol Sbil AT e e ol g oy -
doi: 10.22092/Imj.2020.127278.200 .Y Y-019 :(V)) » ‘(5‘5‘)‘ Co e .)L\.gl,;
YOF-YEYI (AY) Y bul 059> Co pow deliimgh (39,9 vl 0j9> S

Olpl 5o S iole b goladl BT 5,61 AYAY 7 Bolo 5. ) s pbanyS Lble -
AA-QR (V) VO csolaidl sla jinghy anllas
doi: .\Ya-\ofF «(Y)F ‘G"""b &3[.3.@ 9 ‘5)')3@’5 ﬁ9l.c Jr (_go),.m‘) (_gl.abw.cbs); ale
10.22047/srjasnr.2021.140574

éJLuQ &.JL‘L-O.?U c\.l.?bo Q‘)"‘ )4.2.:1 Lgl.abo)? dl.u Q.S'Q“bj'“’) o \\#/\\c'a sd)bsg)c —

dxmsgd 5 @955 -0lnl 3 ey W 5 2l Gl B E5 2 90 AT R (g p0b 0 -
XYY (F) Y g o puo]



e ok ol igaxle> oy wlo wg (S8 g o B0l wp g0 e

VoMY 6 ol laiagh .ol pnl 1o ol Giolw,d 8,5l 5805 e N TAY
.doi: 10.22092/wmej.2018.121424.1106 .YV

oBzils wlylasl . ol Jiole,d 6 puSoslail 5 adlas VTN L6 Spgp cyr Solo —

colil Jol Qs . S AYAY L(65,0liS olaidl 5 (63,40l slo gl duange —
FFYcos,9bas sl &)l55 (928" S gl (58 Y Slo) wlie 5 35290 @9
0P

oba8l 55, 0,90 AYAD 7 il gz oSl ) lo 7 g, 3T 7 Al -
Slidod oyl —(sele dolibad (o) midt 63,90 adlllae) S cbli> o 518
NNNAVEO) VY olpl blo 5 a5 50

— Adhikari, B., Nadella, K. 2011. Ecological economics of soil erosion: a review of the
current state of knowledge. Annals of the New York Academy of Sciences 1219: 134-
152.

— Alam, M., Olivier, A., Paquette, A., Dupras, J., Revéret, J.P., Messier, C. 2014. A
general framework for the quantification and valuation of ecosystem services of tree-
based intercropping systems. Agroforestry Systems 88:679-691 DOI 10.1007/s10457-
014-9681-x.

— Alfsen, K.H., Bye, T., Glomsr, D S. and Wiig, H. 1997. Soil degradation and economic
development in Ghana. Environment and Development Economics 2: 119-143.

— Almansa, C., J. Calatrava, and J.M. Martinez-Paz, Extending the framework of the
economic evaluation of erosion control actions in Mediterranean basins. Land Use
Policy, 2012. 29(2): p. 294-308.

— Amaral Sobrinho, N.M.B.. Mazur, N. 2005. Soil preparation and nutrient losses by
erosion in the culture of cucumber. Scientia Agricola 62: 572-577.

— Asfaw, S., Pallante, G., Palma, A., 2020. Distributional impacts of soil erosion on
agricultural productivity and welfare in Malawi, Ecological Economics, Volume 177,
2020, 106764, ISSN 0921-8009, https://doi.org/10.1016/j.ecolecon.2020.106764.

— Asfaw, S, Orecchia, C, Pallante, G, and Palma, A. 2018. Soil and nutrients loss in
Malawi: an economic assessment. www.fao.org/publications.

— Bandara, J.S., et al., Environmental cost of soil erosion in Sri Lanka: tax/subsidy policy
options. Environmental Modelling &amp; Software, 2001. 16(6): p. 497-508.

— Barbier, E.B. and Bishop, J.T. 1995. Economic values and incentives affecting soil and
water conservation in developing countries. Journal of Soil and Water Conservation
(March-April): 133-137



Y | slo,liens (69,90 gy S (5)[7:-&_(57(_‘4.& Oolw,d goladl ol b s cs‘“L"""u"’ﬁ) .............

Bashagaluke, J.B., Logah, V., Opoku, A., Sarkodie-Addo, J., Quansah, C. 2018. Soil
nutrient loss through erosion: impact of different cropping systems and soil
amendments in Ghana. PLOS ONE 13:e0208250 DOI 10.1371/journal.pone.0208250.
Bastian, O., Syrbe, R.U,, Rosenberg, M., Rahe, D., Grunewald, K. 2013. The five pillar
EPPS framework for quantifying, mapping and managing ecosystem services.
Ecosystem Services 4:15-24 DOI 10.1016/j.ecoser.2013.04.003.

Bennett, H.H. 1955. Elements of soil conservation. 2ed. McGraw-Hill, New York, NY,
USA.

Bhattarai, R., Dutta D. 2007. Estimation of soil erosion and sediment yield using GIS
at catchment scale. Water Resources Management, 21, 1635-1647

Blanco, H. and Lal, R., Eds. 2008. Principles of soil conservation and management.

Springer, New York.

Blaschke, P.M.; Trustrum, N.A.; Hicks, D.L. 2000. Impacts of mass movement erosion
on land productivity: a review. Progress in Physical Geography 24: 21-52.

Boardman, J. 2006. Soil erosion science: reflections on the limitations of current
approaches. Catena 68: 73-86.

Boardman, J., Poesen, J., 2006. Soil Erosion in Europe: Major Processes, Causes and
Consequences. Soil Erosion in Europe. John Wiley & Sons, pp. 477-487 ISBN-13 978
0-470-85910-0.

Bojo, J., D. Cassells. 1995. "Land degradation and rehabilitation in Ethiopia: A
Reassessment.” AFTES Working Paper No. 17. World Bank, Washington DC.

Bond, C.A., Hoag, D.L. Kipperberg, G. 2011. Agricultural producers and the

environment: a stated preference analysis of colorado corn producers. Canadian Journal
of Agricultural Economics 59(1):127-144 DOI 10.1111/j.1744-7976.2010.01192.x.
Campbell, E.T. 2018. Revealed social preference for ecosystem services using the eco-
price. Ecosystem Services 30:267—-275 DOI 10.1016/j.ecoser.2017.04.009.

Cerda, C., Fuentes, J.P., Maza, C.L.D.L., Louit, C., Araos, A. 2018. Assessing visitors’
preferences for ecosystem features in a desert biodiversity hotspot. Environmental
Conservation 45:75-82 DOI 10.1017/S0376892917000200.

Chatrsimab, Z., Ghavimi Panah, M.H., Vafaeinejad, A.R., Hazbavi, Z., Boloori, S.
2019. Prioritizing of the Sub-Watersheds using the Soil Loss Cost Approach (A Case
Study; Selj-Anbar Watershed, Iran). ECOPERSIA. 7(3):161- 168.

Ciaian, P., Edoardo, B., D'Artis, K., Dusan, D. 2021. “The Capitalization of Agricultural

Subsidies into Land Prices.” Annual Review of Resource Economics 13: 17-38.

Colombo, S., Calatrava-Requena, J., Hanley, N. 2003. The economic benefits of soil
erosion control: An application of the contingent valuation method in the Alto Genil
basin of southern Spain. Journal of Soil and Water Conservation. 6. 367-373.
10.1080/00224561.2003.12457559.

Colombo, S., Calatrava-Requena, J., Hanley, N. 2006. "Analysing the social benefits of
soil conservation measures using stated preference methods," Ecological Economics,
Elsevier, vol. 58(4), pages 850-861, July.

Crosson, P. 1997. Will erosion threaten agricultural productivity? Environment 39: 4-
31.



Daily, G.C., Matson, P.A., Vitousek, P.M., 1997b. Ecosystem services supplied by soil.
In: Daily, G.C. (Ed.), Nature's Services: Societal Dependence on Natural Ecosystems.
Island Press, Washington, DC, pp. 113-132.

Decaéns, T., Jiménez, J. J., Gioia, C., Measey, G. J., and Lavelle, P. 2006. The values
of soil animals for conservation biology. Eur. J. Soil Biol. 42, S23-S38. doi:
10.1016/j.ejs0bi.2006.07.001

Dimal, M.O.L. 2015. Integrating Participation in Estimating Soil's Economic Value.
International Journal of Multidisciplinary Sciences and Engineering, 2018, 1- 9.
Dominati, E.J., Mackay, A., Green, S., Patterson, M. 2014a. A soil change-based
methodology for the quantification and valuation of ecosystem services from agro-
ecosystems: a case study of pastoral agriculture in New Zealand. Ecological Economics
100:119-129, DOI 10.1016/j.ecolecon.2014.02.008.

Dominati, Estelle J., 2013. ’Natural Capital and Ecosystem Services of Soils’,
Ecosystem Services in New Zealand—Conditions and Trends. Manaaki Whenua Press,
Lincoln, New Zealand, pp. 132-142.

Duffy, M., 2012. Value of soil erosion to the land owner. Staff General Research Papers

Archive 34959, lowa State University. Department of Economics.

Eaton, D., 1996. The economics of soil erosion: A model of farm decision — Making.
International Institute for environment and Development, Environmental Economics
Programme. Discussion papers, 24134.

Emadodin, 1., Narita D., Bork, H.2012. Soil degradation and agricultural sustainability:
an overview from Iran, Environment, Development and Sustainability, vol. 14(5), pages

611-625, DOI: 10.1007/s10668-012-9351-y .

Enters, T. 1998. Methods for the economic assessment of the on- and off-site impacts
of soil erosion. International Board for Soil Research and Management. Issues in
Sustainable Land Management no. 2. Bangkok: IBSRAM.

Faber, J.H., van Wensem, J., 2012. Elaborations on the use of the ecosystem services
concept for application in ecological risk assessment for soils. Sci. Total Environ. 415:
3-8.

Ferro, V., and Minacapilli, M. 1995. Sediment delivery processes at basin scale.
Hydrological Sciences, 4: 703-717 .

Ganguly D., Singh, G., Purvaja, R., Bhatta, R., Paneer Selvam, A., Banerjee, K.,
Ramesh, R. 2018. Valuing the carbon sequestration regulation service by seagrass
ecosystems of Palk Bay and Chilika, India. Ocean & Coastal Management 159:26-33
DOI 10.1016/j.ocecoaman.2017.11.009.

Garcia, A.; Ibafez, J.J. & Bello, A. 2003: Soil functions, soil quality or soil health.
Scientific, metaphorical or utilitarian concepts in soil sciences. In: Lobo, M.C. &
Ibafiez, J.J. (Eds.). Preserving soil quality and soil biodiversity. The role of surrogate's
indicators. Instituto Madrilefio de Investigacion Agraria y Alimentaria. Centro de CC.
Medioambientales. Madrid.

Garcia-Hernandez, J., Brouwer, R., & Pinto, R. 2022. Estimating the total economic
costs of nutrient emission reduction policies to halt eutrophication in the Great Lakes.



1 s liesd 69,90 e S Lg)lﬁui:—s?da.w Oolw,d goladl Ol L s ‘SMJL,..»U.J” .............

Water Resources Research, 58(4), e2021WR030772.
https://doi.org/10.1029/2021WR030772

Glenk, K., Colombo, S. 2011. Designing policies to mitigate the agricultural
contribution to climate change: an assessment of soil based carbon sequestration and its
ancillary effects. Climatic Change 105:43-66 DOI 10.1007/s10584-010-9885-7.
Gorlach, B., Landgrebe-Trinkunaite, R., Interweis, E., Bouzit, M., Darmendrail, D. and
Rinaudo, J., 2004, Assessing the Economic Impacts of Soil Degradation, Final Report
to European Commission. DG Environment. ENV.B.1/ETU/2003/0024, Ecologic,
Berlin, Germany.

Graves, A.R. Morris, J., Deeks, L.K., Rickson, R.J., Kibblewhite, M.G., Harris, J.A.,
Farewell, T. & Truckle, I. 2015. The total costs of soil degradation in England and
Wales. Ecological Economics. 119: 399-413.

Hacisalihoglu, S., Toksoy, D. and Kalca, A. 2010.Economic valuation of soil erosion
in a semiarid area in Turkey. Afr. J. Agric. Res., 5(1): 1-6

Hansen, L., Hellerstein, D. 2007. "The Value of the Reservoir Services Gained with
Soil Conservation," Land Economics, University of Wisconsin Press, vol. 83(3), pages
285-301.

Haygarth, P.M. and Ritz, K. 2009. The future of soils and land use in the UK: Soil
systems for the provision of land-based ecosystem services. Land Use Policy. 26: p.
S187-5197.

Hertzler, G., Ibafiez-Meier, C.A., Jolly, R.W. 1985. User costs of soil erosion and their
effect on agricultural land prices: Costate variables and capitalized hamiltonians. Am.
J. Agr. Econ., 67:948-953.

Hertzler, G.; Ibafiez-Meier, C.A.; Jolly, R.W. 1985. User costs of soil erosion and their
effect on agricultural land prices: cost variables and capitalized Hamiltonians.
American Journal of Agricultural Economics 67: 948-953.

Holmes, N.T.H., Boon, P.J., Rowell, T.A. 1998. A revised classification system for
British rivers based on their aquatic plant communities. Aquatic Conservation: Marine
and Freshwater Ecosystems, 8, 555-578
https://carboncredits.com/carbon-prices-today/
https://www.isna.ir/news/97121608502

Hungate, B.A., Barbier, E.B., Ando, A.W., Marks, S.P., Reich, P.B., Van Gestel, N.,
Tilman, D., Knops, J.M.H., Hooper, D.U., Butterfield, B.J., Cardinale, B.J. 2017. The
economic value of grassland species for carbon storage. Science Advances
3(4):¢1601880 DOI 10.1126/sciadv.1601880.

Jayasuriya, R.T. 2003. Measurement of the scarcity of soil in agriculture. Resources
Policy 29: 119-129.

Jerath, M., Bhat, M., Rivera-Monroy, V.H., Castafieda-Moya, E., Simard, M., Twilley,
R.R. 2016. The role of economic, policy, and ecological factors in estimating the value
of carbon stocks in Everglades mangrove forests, South Florida, USA. Environmental
Science & Policy 66:160-169 DOI 10.1016/j.envsci.2016.09.005.

Kay, S., Graves, A., Palma, J.H.N., Moreno, G., Roces-Diaz, J.V., Aviron, S.,
Chouvardas, D., Crous-Duran, J., Ferreiro-Dominguez, N., Garcia de Jalon, S.,
Macicasan ,V., Mosquera-Losada, M.R., Pantera, A., Santiago-Freijanes, J.J.,
Szerencsits, E., Burgess, P.J., Herzog, F. 2019. Agroforestry is paying off—economic



https://doi.org/10.1029/2021WR030772
https://carboncredits.com/carbon-prices-today/
https://www.isna.ir/news/97121608502

evaluation of ecosystem services in European landscapes with and without agroforestry
systems. Ecosystem Services 36:Article 100896 DOI 10.1016/j.ecoser.2019.100896.
Kefi, M., Yoshino, K., City, T. 2010. Evaluation of the Economic Effects of Soil
Erosion Risk on Agricultural Productivity Using Remote Sensing: Case of Watershed
in Tunisia. Int. Arch. Photogramm. Remote. Sens. Spat. Inf. Sci. 38, 930.

Kibria, A.S.M.G., Behie, A., Costanza, R., Groves, C., Farrell, T. 2017. The value of
ecosystem services obtained from the protected forest of Cambodia: the case of Veun
Sai-Siem  Pang National Park. Ecosystem  Services 26:27-36 DOI
10.1016/j.ecoser.2017.05.008.

Kik, M.C., Frtis C., Miranda, P.M. Meuwissen, Ann B.S., Helmut W.S. 2021. The
Economic Value of Sustainable Soil Management in Arable Farming Systems -A
Conceptual ~ Framework. European Journal of Agronomy 129: 1-9.
https://doi.org/10.1016/j.eja.2021.126334

Kiran, G.S., Malhi, R.K.M. 2011. Economic valuation of forest soils. Current Science
100:396-399.

Kuhlman, T., Reinhard, S., Gaaff, A. 2010. Estimating the costs and benefits of soil
conservation in Europe. Land Use Policy 27: 22-32.

Lal, R. 2001. Soil degradation by erosion. Land degradation & Development. 12: 519-
539.

Larney, F., Janzen, H., Olson, B., Olson, A. 2009. Erosion—productivity-soil
amendment relationships for wheat over 16 years. Soil & Tillage Research - SOIL TILL
RES. 103. 73-83. 10.1016/j.still.2008.09.008.

Lee, J., Lim, C.H., Kim, G.S., Markandya, A., Chowdhury, S., Kim, S.J., Lee, W.K,,
Son, Y. 2018. Economic viability of the national-scale forestation program: the case of
success in the Republic of Korea. Ecosystem Services 29:40-46 DOI
10.1016/j.ecoser.2017.11.001.

Levykin, S.V., Chibilev, A.A., Kazachkov, G.V., Petrishchev, VV.P. 2017. Application
of the soil-ecological multiplicative index to assess suitability of Cis-Ural chernozems
for cultivation with due account for economic parameters. Eurasian Soil Science
50:246-252 DOI 10.1134/51064229317020107.

Lu, C., Yu, G, Xiao, Y., Xie, G. 2013. Wind tunnel simulation and evaluation of soil
conservation function of alpine grassland in Qinghai-Tibet Plateau. Ecological
Economics. 86:16-20 DOI 10.1016/j.ecolecon.2012.10.015.

Lu, H., Moran, C.J., and Prosser, I.P. 2006. Modelling sediment delivery ratio over the
Murray darling Basin. Environmental Modelling and Software, 21, 1297-1308
Oldeman, L.R. (1994). The global extent of soil degradation. In: Soil Resilience and
Sustainable Land Use (eds D.J. Greenland & 1. Szabolcs), pp. 99-118. CAB
International, Wallingford.

Magrath, W., Arens, P. 1989. The Costs of Soil Erosion on Java: A Natural Resource

Accounting App. Environment Department Working Paper No. 18, The World Bank,
Washington DC.

Mahler, P.J. ed., 1970. Manual of land classification for irrigation. Ministry of
Agriculture.



PN slo e (69,90 e S (5)[7:-&_(57(_‘4.& Oolw,d goladl Ol L s ‘swwaa) .............

Mastrorilli, M., Rana, G., Verdiani, G., Tedeschi, G., Fumai, A., Russo, G. 2018.
Economic evaluation of hydrological ecosystem services in Mediterranean River Basins
applied to a case study in Southern Italy. Water 10:Article 241 DOI
10.3390/w10030241.

Mekuria, W., Veldkamp, E., Tilahun, M., Olschewski, R. 2011. Economic valuation of
land restoration: the case of exclosures established on communal grazing lands in
Tigray, Ethiopia. Land Degradation & Development 22:334-344 DOI
10.1002/Idr.1001.

Miranowski J.A., and Hammes, B.D. 1984. Agricultural & applied economics
association implicit prices of soil characteristics for farmland in lowa. Am. J. Agric.
Econ., 66 (5) (1984), pp. 745-749

Montgomery, D.R. 2007. Soil erosion and agricultural sustainability. Proceedings of
the National Academy of Sciences of the United States of America 104: 13268-13272.
Noe, R.R., Nachman, E.R., Heavenrich, H.R., Keeler, B.L., Hernandez, D.L., Hill, J.D.
2016. Assessing uncertainty in the profitability of prairie biomass production with
ecosystem service compensation. Ecosystem  Services 21:103-108 DOI
10.1016/j.ecoser.2016.05.004.

Palmquist, R.B.; Danielson, L.E. 1989. A hedonic study of the effects of erosion control
and drainage on farmland values. American Journal of Agricultural Economics 71: 53-
62.

Panagos P, Standardi G, Borrelli P, Lugato E,Montanarella L, Bosello F. 2019. Cost of
agricultural productivity loss due to soil erosion in the European Union: From direct
cost evaluation approaches to the use of macroeconomicmodels. Land Degrad Dev.;
29:471-484. https://doi.org/10.1002/1dr.2879

Patault, Edouard & Ledun, Jérdbme & Landemaine, Valentin & Soulignac, Arnaud &
Richet, Jean-Baptiste & Fournier, Matthieu & Ouvry, Jean-Francois & Cerdan, Olivier
& Laignel, Benoit. 2021. Analysis of off-site economic costs induced by runoff and soil
erosion: Example of two areas in the northwestern European loess belt for the last two
decades (Normandy, France)," Land Use Policy, Elsevier, vol. 108(C).

Pimentel, D.; Harvey, C.; Resosudarmo, P.; Sinclair, K.; Kurz, D.; McNair, M.; Crist,
S.; Shpritz, L.; Fitton, L.; Saffouri, R.; et al. 1995. Environmental and economic costs
of soil erosion and conservation benefits. Science, 267, 1117-1123.

Pimentel, D. 2006. Soil Erosion: A Food and Environmental Threat. Environment,
Development and Sustainability. 8(1): p. 119-137.

Porter, J., Costanza, R., Sandhu, H., Sigsgaard, L., Wratten, S., 2009. The value of
producing food, energy, and ecosystem services within an agro-ecosystem. Ambio 38,
186-193.

Pretty, J. N., et al. 2000. An assessment of the total external costs of UK agriculture.
Agricultural Systems 65(2): 113-136.

Rastgar, S.h., Barani, H, Darijani A, Sheikh V, Ghorbani J, Ghorbani M. Economic cost
of soil nutrients loss from summer rangelands of Nour-rud watershed in North of Iran.
Ecopersia. 2015;3(2):945-58.

Rickson, R.J., Baggaley, N., Deeks, L.K., Graves, A., Hannam, J., Keay, C and Lilly,
A. 2019. Developing a method to estimate the costs of soil erosion in highrisk Scottish
catchments. Report to the Scottish Government. Available online from
https://www.gov.scot/ISBN/978-1-83960-754-7.



https://doi.org/10.1002/ldr.2879

Robinson, D.A., Lebron, 1., 2010. On the natural capital and ecosystem services of soils.
Ecol. Econ. 70, 137-138.

San, C., Rapera, C.. 2010. The On-site Cost of Soil Erosion by the Replacement Cost
Methods in Inle Lake Watershed, Nyaung Shwe Township, Myanmar. Journal of
Environmental Science and Management. 13. 67-81.

Sanders, D.W., Huszar, P.C., Sombatpanit, S. and Enters, T. 1999. Incentives in soil
conservation. From theory to practice. New Delhi, India: Oxford & IBH Publishing Co.
Pvt. Ltd.

Sandhu, H.S.,Wratten, S.D., Cullen, R., 2010b. The role of supporting ecosystem
services in conventional and organic arable farmland. Ecol. Complex. 7: 302-310.
Sant'Anna, A.C., C. Cowley, and A.L. Katchova. 2021. Examining the Relationship
between Land Values and Credit Availability. Journal of Agricultural and Applied
Economics 53: 209-28.

Sartori, M., Philippidis, G., Ferrari, E., Borrelli, P., Lugato, E., Montanarella, L.,
Panagos, P. 2019. A linkage between the biophysical and the economic: assessing the
global market impacts of soil erosion. Land Use Policy 86, 299-312.

Steinhoff-Knopp, B.; Kuhn, T.K.; Burkhard, B. 2021. The impact of soil erosion on
soil-related ecosystem services: development and testing a scenario-based assessment
approach. In: Environmental Monitoring and Assessment 193: 274. DOI:
https://doi.org/10.1007/s10661-020-08814-0.

Swinton, S.M., Lupi, F., Robertson, G.P., Hamilton, S.K., 2007. Ecosystem services
and agriculture: cultivating agricultural ecosystems for diverse benefits. Ecol. Econ. 64,
245-252.

Tegtmeier, E.M. and Duffy, M.D. (2004) External Costs of Agricultural Production in
the United States. International Journal of Agricultural Sustainability, 2, 1-20.
https://doi.org/10.1080/14735903.2004.9684563

Telles, T.S., Dechen, S.C.F., de Souza, L.G.A. and Guimaraes, M.D. 2013. Valuation
and assessment of soil erosion costs. Scientia Agricola. 70(3): 209-216.

Telles, T.S.; Guimardes, M.F.; Dechen, S.C.F. 2011. The costs of soil erosion. Revista
Brasileira de Ciéncia do Solo 35: 287-298.

Uri, N.D. 2000. Agriculture and environment: the problem of soil erosion. Journal of
Sustainable Agriculture 16: 71-94.

Van Kooten, G.C., Weisensel, W.P., Chinthammit, D. 1990. Valuing trade-offs between
net returns and stewardship practices: the case of soil conservation in Saskatchewan.
American Journal of Agricultural Economics 72: 104-113.

Vigiak, O., L.T.H. Newham, J. Whitford, A. Melland and L. Borselli. 2009. Landscape
approaches to define spatial patterns of hillslope-scale sediment delivery ratio 18th
World IMACS/ MODSIM Congress, Cairns, Australia, http://mssanz.org.au/modsim09
Ward, A. K.; Classen, H. L.; Buchanan, F. C., 2009. Fishy-egg tainting is recessively
inherited when brown-shelled layers are fed canola meal. Poult. Sci., 88 (4): 714-721
Weitzman, M. L. 1974. Prices vs. Quantities. Review of Economic Studies, 41(4): 477-
491.



https://doi.org/10.1080/14735903.2004.9684563
https://doi.org/10.1080/14735903.2004.9684563

v /éb)‘}oﬁo 8290 (o) x S (5)[7:-&_(57(_‘4.& UM.’L.;)B 651*‘35‘ c:»‘)l.w} O ‘swwaa) .............

— Young M., 1999. Costing Dust: How much does wind erosion cost the people of South
Australia?, Natural Resource Management Economics 99 001, Policy and Economic
Research Unit, CSIRO Land and Water, Adelaide, Australia.

— Zhang, L., Huang, Y., Rong, L. et al. 2021. Effect of soil erosion depth on crop yield
based on topsoil removal method: a meta-analysis. Agron. Sustain. Dev. 41, 63 (2021).
https://doi.org/10.1007/s13593-021-00718-8.

— Zhang, W., Ricketts, T.H., Kremen, C., Carney, K., Swinton, S.M., 2007. Ecosystem
services and dis-services to agriculture. Ecol. Econ. 64: 253-260.

Abstract

In the Soil Conservation Law, the economic valuation of soil and the estimation of its
destruction losses are assigned as an important task to the Ministry of Agriculture and the
Environment Organization. In this article, in addition to presenting the achievement of the
research conducted to develop a local method for the economic estimation of surface soil
erosion losses, a method for valuing and determining the economic losses of surface erosion
appropriate to Iranian conditions will be presented. In general, surface erosion losses are

divided into two categories: in-situ losses, such as the value of lost soil nutrients, losses from



reduced production of agricultural, pasture and forest products in the degraded area, losses from
the reduction of land resource classes, etc., and off-site losses, such as damage from water
resource pollution, reduced income and employment capacity, sedimentation in rivers and
water reservoirs, etc. In this work, a conceptual model was built to assess the costs of surface
soil erosion. In an operational flow process in this field, methods for quantifying each of the
direct and indirect damage components were explored. Finally, the method of economic
quantification of these losses using scientific methods was introduced. In a concrete example,
the economic loss quantities of surface erosion were tested in a case study, which is related to
a severe extreme surface erosion event in the sloping and low-yield drylands in the Asdali Pass
of North Khorasan. Based on quantitative calculations made with this conceptual model, the
amount of surface erosion damage at the level of half a hectare was 1380 million Rials for on-
site damage, 350 million Rials for off-site damage, and a total of 1730 million Rials for a severe
event. Also, the dollar equivalent of damage per ton of soil loss in the surface erosion process
based on free and agreed exchange rates is about $4.01 and $4.81, respectively.

Keywords: Rill erosion, erosion economics, soil conservation law, onsite damage, off site
damage
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