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~11.1iiElfil.lJ1 "1,jf1e'f~·f1~::i~n'l1fil.lJ1 

f1'n1fl"El11.Iu.1Ii'l1na .;,nl!1 LU'I::Wutf"'Il 

Modeling for Evaluation the Physical Sustainable Condition 


of Watershed Ecosystem 


t..!! 


"1.~~ &hA4 tl'Ntfi'a I&B.~m'lWti'tlnl 


Abstract 

Monthly rainfall and runoff of three forested watersheds such as hill evergreen forest, mixed 

deciduous forest and dry dipterocarp forest at Doi Chiang Dao, Chiang Mai province were collected for 

physical modeling the evaluation of sustainable condition of watershed ecosystem. The SC5-CN 

methodology was also taken to be a tool for developing the model 

The indicator of sustainable watershed ecosystem is defined as the portion of monthly runoff in 

rainy season (HF) and monthly runoff during dry season (IF) or HFILF. The variables which were taken 

determine the indicator are monthly rainfall and monthly data of runoff produdng characteristics factors 

(eN). 

tA1I1wJ'W1.I11!!~t1l.1L1.ilM1l1anh'rim!!LiltI'U1Jeduihh';'.nh5'mru1jj III 'IlUfifitl lhJJuL'II1 \J1LUCU~ 

,.,,01 LU'I::\J1~;'1 U;L1WfltI!!L;!!!'1f111 imflL;!EI'Itwi Qtm\m1JLI.il::'l1tni'l;1'1u.uu41ae'lLiotl1::Wufll111Jfi''1~1.I'11e'l 
... "r.. T_ • !'II ... .... ..

1::UWL1f1"W1f111.1n'lElIl11'1 ""El1.I1 SC5-CN methodology 1J1LlJl.ILf'l1tI'I1Je~1.In'l1i'111'1 

';flm'U1JtI.ru'nl1wJm111E1LMlum.llmtvrh'lq~rJl.I tYUU'nl1wJ1'ri111E1Li1eum.Wltvrh'lq~LU\''1 \1;8 HFILF 

~nfi1\11.lflt~LtJl.Iil(ifl''111J6011~'IIeoll1::\JuUL1f1fiuJ1 I'h HFILF if LtJul'h~tl1::Wl.l~1m.All1wJ'W1.I11E1L;jeu LU'l::l'h 

MU.Wl1!!Lil8'U1J8W1if~'mfi8f111tmf,mtWltuft1l5"'l1 mal'h CN 

f111LtlifEll.lu.tlaolli'lll".e1f11f1tl.lu~,uuiMl.Ir.la1J1~1f1i'1ll11::'tilf1fel.l fiet~Lilflf11'~f11::'f1i1"f1'11eollrJuLQ,.,::tl.l 

U;L1Wfle1n'lflWl.I LI.il::ilfte (1.1 tl1i1 U;L1~utf«uJ'lci1!i11 tll1f1!1f111Wiollf1a11Uef11i1f1'i1llLii1JfII111J1UI.L1,"eoll 

..... .r .f ._~.. r ""tI T._-..,..... • .... ."," .r ... " r 
r.laf11ll"\J"Lf1"'IIU~1f1f111~f11f1Yl'la1t1lJ1"1.I1.11u.at: ~'Il 1I1wu'lmflU"1f111Lf1'1fl11LU'11 EI'I"1 ~'Mi'la1Ull'l1'l'lliloll1'l1.l"fI\IU'l 
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ltltlLa"'1::tlEh~~~n1'n'i1~1'UfI'l1Imi1i1t'Un1'fl1Ufl1lm'~MuJ1~'U LLil~n1"~U1tlJ1'ri1t-M'OOihfi'1' iin1'LtI~tl'ULLtlil~ 
~tI"" tI'" ... ..I ~:1"'.'" tI "'" !'!'I ...... .x..l IV :; •111111 ~ tlntl1tl ~ntlunuillm1::l11~Lf'I'ftI!n~Vltlfltltltl ~'Uu~~U'U Vl1 ~'M~U '~1WYl L'II~'Un1W~1'~"m'Wt'UYlfI'U'U1"tl 

mhtll'UiliiLL'U11Wilflil~LtJ'Ua1fiu 

~~,r'U~~iifl1111i1LtJ'U~tl~iII~~LfI~tl.wilLYiet-iit'Un1' «j).tI'~W'Uillm'U1l1'n'11il~I'UiI~'UJ1t'UiI~~'U (I!l). 

"ow ,.,J£.I" I .. ..I"., u~""~ 4., • .., ~ 
~flil1f1'1Jfl1111l.'11"cune1.lW\.me~1tl~1'UY1Lntl1'lle~nUn1'~"m~VlU'Ufl'U'U1 L'ml~f1Y11LLN'U~1'ULLil~~fliII"L'I'U 

__ I ) tI ... .!1" .......x ..I,,:; ~ 11 • ....
( ...~I" 
'1uu~1I1W LLil~ "'. '~W'Wml.'11L'~'IIe~n1'fII1LW~1'U~tln1~fl'U'U1 VI~'ULL~1il8~L"ou'~W'Ufl11lJtl~tl'U 

Yl1~"1'Un1tl1l1'n'11tl~'~UUUL1f'1ti'UJ1~LtJ'ULfI~e~ijri'U'IIIiJ~ ~~'UfI8'Ut'Um'illf~LLw41ilil~"'~nii11 Lwil1I1'IIe~ 

... __f-..___"'! _.!'__,_ 
n111Lft1'~oruul.IL1nt1l1U"l 

~uuQL1...ruJ~nsu\tI;ntl GI ft1'U Pis (.)lM~8;'~ (structure) \"LLn e~fttI'=meu,h~ 'I iltI'~neuIll1 
... 11 .!'It. "oro I • IV ... II:; ~ IV !'It.. " tI .. ( \--t...... ... ,,, •
n'U'll'ULtJu" u '~'M1J1f11'11S~1::UUUL1f'IflW1 81111'''lWnSSfl1l1~fIIL'UU '" '~LIlYlfle •.(j)1U'i'itlr.ruLLu~mtl'Uen ~fIILLn 

fln~tl1fl1" «j).i:I)U'i~6f1~mtlt'U \"LLn iln~lJihh::LYI" LLil:ruilfl~'U LLtlt: (••"')U~~ElLfs1l16~iI'iftlll1tl'Uemiu 

iI'i~fJmfJt'U \"LLn MPlq1lti'U (e)mn;'~1'Ufl111ml1i1 (function) LtJ'Ufl'::1J1'Um,fi1~ 'I ilUlfl;f'U~1ntlnmtl11~fleu 

~~n'ULLil::n'U£Jd~fiaL;ie~'~m~e~~tI'::n£Jufi~ 'I .,..ntL~na11111d'7U1~ti'U 81111'[1 LLfJnStlfl\~LtJ'U I!l n'::U1'Un1' 

Pia (i:I.(j)n1~~'UL1fJ'U'IItl~1LLilW1'1e1"'1' LLtlt: (i:I.i:I)n1'~'UL1tl'U'IItl~"il~~1'U LLil:: (",)m,tWu;m, (services) iI 

Lfh,"h:iteJ'll1M~ wnau~1tl (m..)I:Itl_t'U1'-"'a~LdawLLilns~'h (m.1D)n11f1Wfl1ln"nfll'llri~Vltl1tl'lle~iIi'U 

(m.",)n1"'1"lUflm::wn11'!!Mi.nI1NuLLil::'-::U1tl,J',m t-M'ooa1ti" (m.!dn1W"LYl1f111S1l'\JLL~tl~tl1n1f'l (m.<t)m'LW 

... II .. ()n "" 11 ..I.... • ~ 
LL'MtHL'tl'U~1~1n'nl'll1f1 LLil~ "'.D 11Lwmtm'lnf,le'U'Mtla'U~'i 

n11ti'lWMi14it1f11-withm.n.rilt.1f11tnJ, 

t'Um'liflu;anfl;J1"fl1111g~fN'IIa~~nl'l~'U,J'1 LLtl::n1'M1JfIt -M'LtJ'U1Il1LLtI'fl111 (dependent variable) 

'IIe~LLwi1il8~ 'i~fi'i1'W1~nu;n1''IIe~L1I'1ti'UJ1i1tWI.I'::lfJ'IIunull''~1I1nilqfl1l1LtJ'U'''1;J1'' lf11t1,.hn1' 

Ii"Lilan'i1nfi1f1::LLW'IIa~1'M'Il'tlfl1'Ulit1ftcul'U~1'Ufi~ 'I Pia (.>mm·nlahJ1tln~fl1,fi~ 'I mtll'U'n:wuL1I'1Lti 

""L'i'U (1Dn:;,.1111\1fiefl1'LtIiltl'ULLtltl~ LLil:: ("')i'fUm"Lih.n'frfa'f\\ti~tl i~1~'~~1~ea1l 

f,lMa~fl1'Ii"Lilantl'1n!l'h fl1'fl1Uf111fl1'nfl'llri~tl1tl'lltl~au OOfl1'fI1'\Jf11I'::Wfl1,~"w,J1NuLLtl::fl1' 
,::U1o,J'1,.hll1nua1ti1,rJ1'Um,Ii"l.iien L""1::ii~ilnll'lltl~fli1~LL'U'U1fItl,J'1-mj'nfl1lJfI11w1liculii'Ufli1La~Elfte tC..bri 

i~'1tlil::LatlflilLLa,,~1'UfI"1~iI (j). 
• ~ ..... "'.,.. .t:'... £_~ .1 .. 

iltl~~,nfl1lJ L'Ue~,l1nn'::U1'Um'nfl'll::"'~Vltl1t1'11e~,,'U flun~U1'Um'l!lfl'Uuu1N'U'IIi)~"'U LLil~m::U1'Un1' 

~U1mhmIil1~1fi'1' Lw~m,;lUlriUfieL;i~tiu LLtlt:a-."~~fJ1I 'I n'U El1i1 m~n'{n 

'Vi1tl1ml1ti'UJ1LYiEll;ru~~u"hn"Ln'toJ'" mlwrnnr~mI1\wn.i114U1aunfl'll:: J1itL'Mtlthml1ii'Uuie\'Mtl 
... .¥, ..._..... ., .. r.,.., ... ~, 11 .. ." 11 

El tl1~11"L11ft~1'11I"1n'UYlft1fi''' Yl1 ~'M1J'm1Y1L'Mtl~W1fi'1'WSJ1fl'11'U ~'MtlLL1.nJ'U ~fl1111'q'11'1J'U'IIe~fI::na'U1l1fl'11'U 
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u;n1'~Luuu,~1ayU~~~~~ ~1~1'nlil~1EJ ijf'l11~ll~iln1' ~1~1'CIL~u1'" f'I~LLUU 

mtU1un1,l~ LU~EJULLUeVI oi~\la~~1EJ 11~ 

~aN~~1n~~~~' Gl ., Gl ~ 

ft1U~~n1'~""::i4Ma1EJ~il~fiu m ., Gl b 

f'l1U~~n1'~~1UuLLa::1::U1EJU7ri1 m Gl ., b 

U"LYl1f'111~lULL'~~~~il1mfl Gl ., Gl ~ 

LUULL'VIft~L;EJUfi!~~''UI'I:I1~ Gl Gl ., 
~ 

Luuifuil\imJilU'VIVilUt~ ., Gl Gl ~ 

I.O~EJ F 
.J_ " .. :: , .. ~ • r.:= ' "I ~ ~ .r , "!II '" ., r.1 ~ ..'" JU~Uq~~1Y11~::a"'UilEJtHYI~u'Ul1NLLa::~1~1::EJ1:L1a1 ~'VIa 

t 

~um, YI~U~1U'IIIU~L'U~a~1~1nm·nnunnU1Ii1UI.EI1 ~1 

tufU~UUilEJIM 
' .. ~, 

amb~Lu~mJ1~
!'t,..J::, :!'I.!' r., , 

1nfltnilU~n~""ta~1WuCl~
.r.r "".1 T•. :!'I" ., ~... "I," ~ ~ 

tU~il~&h~1' 'Vht'ltih,j1~ULfu LLatJ7ri1;1'L'VIa 

u~~q~LLa~ ~'VIail~~PmJ~il~fltnilU ~~$w~~"C1U1U1"'~na11U'lM4J1 ~~u'::w'l:lU~" "'~UU~~n1'V1U'" ~'VIUlm'm 

~il~LUuMLLtJThJJtlu LLatd~Ju.n:f.r",,,~g~Mil~'MJtrilL1f1iuJ1 t",EJU1ilfl1'i1ullil41.funMf7ri1;1'L'VIatuU1~q'JNU 

~'l.Jtfiu1ruJm,;tL'VIfitU,rnq~utl~1tYnrufl~UuiA1"'t..EJ~iMJ", 

mnLfl".u.~8fn1lle14ihra84'1:tJt1ih11'11uJ1 
tum,1U'1Tl1:m.1U~~EJ~~ "l ;lijUYlU1Yl~il"11~g~Mil~1:wilL1f1iu,j1 LLatn1'\llU",t'ltLUui1LLU'B~'t 

(independent variable) 'I:Iil~LLuU',hail~;1'L;rU'::WUflhi1«1'" ~tt;rm11L"'1::Wl"L;lil~~tft1~~f~~um,...h~1U 

fl~un"t,ru;m"'il~1f1fiuJ1 t..elLO"1:Iild~~m1"1Utp.ln,,~~a1ert1i1~~U LLa1:m1ft1U~~ 

1tUUm''JfIf1nI'UJULLa1:m''=tI1mI7ri1twrueh~' ih11tWln'\!K\ltn,,1~i1~1't;,tUft~'Ul"'n"LU~EJULLua~ 

LU~WLLUtHtln'\!K\ltm,1'VImlil~,j7ri1tuft~1'Li'ifl;fu~1n (Glnl1NU ;l~LUUu~fEJ'l4in (.,)'I:Iil"LLattR~1N~'I:I"q~~u ;l~ 

'Vi1'VlU,;ILLti~1cJuililnluuJ1nULLatJ1tMU LUuU~~EJ'il~ t..fJijU"'~EI~ulIf4\I;lu'tnilu1u"'1EJ (m>an1!!lWt 

.lJilU1tLYlfI ;l~1'VIU,;Ift1U~~n1,1~il~1ihfiu LLat (a1'I:Iil,,~u ;l~1'V1U1;1ft1u'l~n"1~il~1tifh~u 

ttnmru,~triI 	 (ID) CkU,~mt (a1 ;f Soil Conservation Services (SCS) '"~ Natural Resources 

( ) 
"I. .!'t... ..,.. 1'" "I,"!I.._"I Xc", ,oil!', 'f_..I..' '' , !I"\'.

Conservation Services NRCS ~Uu'~il~tm1Jilw'm "'n1'\llUfI~'VI~\nru''U~1YIflilm'~'lllU1Y11 

;1'L'VIfitUft1~' 'VI;il runoff producing characteristics factors ;l~ NRCS tl1'IIIUflt'ltL{tu,,;, CN mil curve number 

(Mishra and Singh, 2003) t"eli'JJ1Nu;I"na~~1nilU'VIU1 mil Antecedent predpitation Index (API) LUUU'~EJ 

~uu~ut'lt u~~a4uiiiuJ,;Iii\J'VIu1Y1~ilm,t-«J'7ri11'VIatuft1~1' (CN) na1EJLUUu~ifJ~iiiuJ,;I.,.fil~ut-«J'1'Vi1 
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LLU1fttltum'Jlli14LLW;;'Dil4 

r.la'il1flm~~flLiiaflH1f11'1'l1U~8u'!li.l4"retItJilL'lfl'l,ruJ1 1.I.IM:1LfI~~\1'i1iviiihrm.l'm,jal'l'l1u!T48u'lli.l4 
.. '" r .. 'I"'~0"_1 ..... .r.. ...n"'''.r..f '10'" .1'" .1 _~ X. ~ 

'n:UUUL1f1'1f1UU1 L'Wtl ~'!ILUUfl ~ u~::WUI'I1f1'l'!l'lfl 'Was ~ u .flfl4U n1'MUfI ~'MfI~~uaVULLua'HJ~1Wu.t'I::"fltiCU::fl1~~'Mfl 

'!Iil~1'htufl1fm '4tu~d'iJ::t;r«fI,hU"-la4U~1W,hvi1~1t1LftaUm'MatU;14'1~IIIU (High Flow, HF) nW~1wJ1'Yi1 

~1t1L~ilUm'MatU'!i'l4'1~LLa4 (Low Flow, LF) 'M~tl HF/LF L-nU«1;f1f11'1'l1U!T4~U'!Iil4~::UWL1f1'1iuJ1 

~'lu\1'i1i~fLUfl1nJ~::wu.hA1;f1fl 'th::fli.lUlt1~'ltl «i))U'iI'fElJ1I11U !.La:: (1II)U'iI'ftl~~iuJ1~'W;i.lU'iI::t.x 

J1'Yi1m'MatUfl161~ (CNm) ~L-nur.la~Lfifl~u'il1t1m~fl'n:"1'nUnu~:wrh4 (1II.(i))U'iI'ftl~U~iUJ1~iiu"u'mfitlt11~t.x 

JTrhl'Matufl1ti1' "ntl.h CN nu (1II.1II)U'~1WJ1M"fl8::8UMmU1rlaUfl1nJ~::Wu.h "nil,h API 

,,1'Mi'tnfUfltlUtUfl1'8114LLwflmlui1etl-n:WuI'l11U!T4~U'!Itl4~::uuilL'lfI'iiuJ1 il~1EJfl::Liltlfl~fitlltid ;ie 

«i).""'U1t11~fi1'MUflri11'1::LLUU\1'i1'ftlEiiltl'!lil4\1'i1'friU~,ruJ1 ~iiu"u'm,jam~tmI1'Yiil'Matufl1ti1~ "ntlfl1 

.. 'I.¥ ., .r '" "'..... • 1'. '" 1'. '" '" .!iI'°tl T_o~ ~ • tI ' CN '!Ie4 SC5-CN methodology L'Wa~l'IL'MU1::8UflU'Wu""mi.l'il1TlflLfltl1f1U'!1tl~a'MLUU ~::Iotl'UULW 'n:L'MfI'Il'MEJ 

) 
• • • __"t .. .r '" '" r...... • !II.... r .~, 'I. ... '" ~ • '" 

(III .m'MUflI'l11'1::LL'U1.Iu'il~tI'WU'MflUU1'MUU'MU'mflilfl1'L'MU'm1L'MaLUii1151~ 'M'Jil1'l1 CN fI'lEJLflW'rIfl1'MUfI'M 

~'1flfl1nituU1t~mJ1 
.. 'I _ ~. • 'I, .. ~ .' _"'L." .r "'.. r "'.. 'I .. - r . ~ 'I0 ..

(Ql) .1'IU'M1LLVlYI'l4LUfl1,)lHUI'I1 eN L'MLUUI'l1I'11:LLUU'1tIIllilU"-lil.qu.~RUU1'M'W1ElU'iI::L"LflflU1'M1L1IIt'IlU 

fl1irl~"ntl CNm ~fui1atw.afll'laMiiufl1,n1'MUflLflW'rl'.x~ iiUilitl HFILF 

«lt8;141.1.C1::'MfmilULLUU~1flil4I'1Wflfl'l18fliLi1atl'n:Wuri1 'tm.I1WJ1'Yi1~1t1~ilU (Om) 'il1t1;ra\Ji'\1'i1ffJ~ 
• 'I "'.. :: • "'" 'I, • ...t.. .~. 11.1 .. 1'.' l' 't, -<;1~ .. .r
fla~'MLflflU1'M1'ML'Ma~Uii151~T1EJUililU uuf'la u') ...1WU1...U~1t1l1'1aU nUI'I1 CNm flfJfl1'MUflL'MU."••mnu::fl4U 

Om = a + b*Rm + c*CNm ...{(i) 

Om LUvtRu1wJ,'Yi1TlfJLfiau (w.) 

Rm LtMr~1wJ1NuTlfJLfiilU (w.) 

CNm LrJuI'i1f'1::LLW11t1t.atlVltl4U.ifJ;{uil.ruJ1h;tlu'iI::tiLfifl,h,j,1'Mat ufl1ti1~ (Wiim.hEJ1f1) 

a, b &La:: c L-nuri~utI~::iI'M~ 

(cr).fi1'MUfI.h HF/LF t.xnu~::tluM4 "l '!Itl41'1'l111!T48u'IJil4'n:UWL'lfl'liuJ1 

(b).fln18i1Ufl1m41U"-1MLL1.I'lN1M4 

(B).L;;tlUliliLL~l'ImrihLflai~t;r41ULLW'1atl4Li1etl,::wUfI'l111!T4Mam:uwL1f1'1iuJ1 

http:1.I.IM:1LfI~~\1'i1iviiihrm.l'm,jal'l'l1u!T48u'lli.l4
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U,'lItA1f184tn1Ui4iN'mJ'lrilL'ft«uJ1 

(1il).i8\lil«Lilun1,.a;14u,wvu;m~ tI-renBtllt1.nm8\jil'i1t1liiil'lJ'll84 tRu1Ml,rJu 1.Li1=U'iU1oni'l'rh«Ll'Iiltu 

• ,I .1.'1 "r ...... ... \ .......'l •• __', -,.,,, f .k • v = !!"I 

il1tl1"~1nmMu1f1UU1 III 'IIUfI f118 u1fItlL'lJ1 u1LtI'Ymt,.,.W ~i:iu1Lfl4"4 'lJ8\lilL\'Iil1'Ll~Z\lnLnmflfl4u,Mu ....fII.Wc£~ 

.. ~ '" .¥..I... li' T ~ ..... ~ • ~ ...... ~ ~, ,"" !"t.. ...
{i'lU ....I'I.Wctlil tI,.L1W"''LlflflUU1 ~fltI"Btll.Li1:: ~nflLflltl4f18t1L'Dtl4f111 81Ul8L'1ltl4fl11 ~4WlflL'1ltl4 ~\'IU '114Lln.l'UB'dmJ£l4 

~14n1"1itlfll1111l'1il1n\'lil1t1V114;11Il1W11i141ZtltJilL1l'1fiu,hu84ibu1itlfiuJ1 i'l1un£l~;nWil::ifln11fiuJ1 n'ill 

f:!Vltl1UU,~4'II1ii «fl7th l.Li1:rKuVW'II 'hi8\lil~4a84111l'11fhLQ~tlL{JU"1t1L;'i8UI.Li1::n1\'1'L1f1t~"~lufi1U,VI'U'lJtl4itl2;lilJ1NU 

U,il::J1,j1'IJB4U1fiuJ1'11ilfl,j14 '1 'lJB4t11::LVlflllV1t1 fi4"1t1f1ZLetl"~LLfI"4tUfl1"14~~. 

,lilU 
1h.t1u'ln 1hwClillnmcu. lh'lfff lhfu'lh 

1l,1Iu 'lhWl 1l,1Iu 'lhWl 1l,"U 'lhWl 'lhJlU 'lhWl 
LlJ.a. 155AO 6.81 118.20 11.25 125.60 0.00 133.07 6.02 
....fI. 222AO 13.09 151.70 17.20 162.50 0.00 178.87 10.10 
f.a. 308.40 18.13 207.40 24.05 192.00 0.00 235.93 14.06 
n.fI. 353.10 40.10 226.10 46.10 288.50 1.11 281.90 29.10 
•.fI. 344.10 49.40 382.05 75.55 324.40 44.34 343.52 56.43 
n.a. 461.00 72.80 354.70 111.75 380.00 28.53 398.57 71.03 
•.fI. 121.10 71.80 133.00 75.25 168.40 29.55 140.83 58.80 
".0. 78.87 38.87 50.40 42.87 80.20 15.11 62.49 32.22 
B.fI. 58.00 80.27 30.40 31.89 34.87 3.67 41.09 38.54 
,U. OA7 13.63 3.73 19.10 1.07 1.27 1.78 11.34 
n.,.. 8.07 7.33 8.00 13.80 8.53 0.85 7.53 7.28 
II.R. 18.47 3.97 14.80 11.20 12.20 0.22 15.16 5.13 

'nil 212737 415.99 1680.48 479.81 1734.27 124.45 1840.71 340.02 
%11, WI 19.55 28.88 7.18 18.47 

(lo).u1Lt1arriift.fth\1Ufltht'll:u,w\J'ili~1iIuumn"tia01'~tmI"j11\'1iltW1tl1' (CN) 'lJ84UtitllJii 

tI,.ZLWI 'IlilfIMlI.Li1::'IIil ....tr'iU~fllipJMl ~1~1n SC5-CN met~ 1I84mri'fiumn1U1n1'M'LlflI'i1Mu,UU 

'1.Y .. li'."'!J'I .. • ..~. I ,..I .~.".PI ... ,'I ... li'~ -_f
~l'ItTtnl1J1UU1VIL'IILUm1a"14u,W~1fI8UH111JJ" fl8~1nUU~'l'Jl1n1"m1f11LOiltl l.Li1::mWflL\1L'tIU"1U,VlU'lJ84u1f1W1 

~4\'IUfI,j81tI i4,.1t1ilzt.i5t1f1i1LLf1114t Ufl1'-1~ Ill• 

..I, _"1 .. .¥ ..I.. r....... '~," r ", 'I,. .. "'tI ( )
M1114V1 IiIl. 1'111'1::U,U'IJ'II8"IU~tlW'LlVlflW1VI1ItlVltI1V1f18m'-LW1V11 L\1ilLUfl1tl11 fl1U1J1I '-::LVlI'I CNto 

'IIUIIMl (CNso) ~lI-tfDJ1~U (CNve) 'lJ84U1fMi1'llilll,j14 'I 

tfOtnh 
f'h CN tJihrif~fJrJafJ 

CNCNto CNso CNve 
ih~'II1 50 5 3 58 
1.hLtll\l~,.,. 44 9 8 61 
ih~" 38 15 13 es 

~QlEI 44 10 8 62 

U1f1i1 CN ~t.;ru,nL.8~,.I4\11IfI ii€l bI!J U1'Mn.nt~t.(rufIi1flt:U,W11E1Liii8'1J'1184tl~i~A'uJ1~ 

"';811~t:tl\'Wni"j11\'liltu'htll1 m8 CNm .naiam'-fl1lIiufl8ufi €lltlif ii8 
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(~.(i).ml'hLo;mr'nl1wJ1"l"mJL;i£J\III£J~~1LL"u;lL\JU\h~uJ1i.m1l.-t (AverQ) 

(1!J.1!J).\,mhil1ltJ~t~"~·mJL;i£JUL;:l£Jti'lUn1~tJ~ul'h CN t\XL\JUI'I1~1t1L;i£JU"£J~ CNm ~~£J1'I1 Coe

CNm ~1t1~1In1~l'Iw"1'I1~"iVlij~an'lffilt~~"£JltJ;r 

Coe-CNm (CN! AverQ)*Qm ...(~) 

..; 
W£J Coe-CNm L\JUI'I1il1ltl~t~"~1t1L;i£Jumi'lUn1WWI'l1 CN t\XL\JUI'I1 CNm "£J~LL"atL;i£Ju (Wij 

mhtl1.-t) 

CN L\JUI'I1I'1tLLUU1.-ttln1l~.m1I.-t"£J~il';l~f.lifu;I~uJ1;1iju"u1"';£Jn1~t ml'1,,11 ~at U 

a11i1~£J~t11~uJ1 (Wijmhtl1.-t) 

AverQ 
~ , ..I _r.l! :, .. K ..1.'1 .. r,. :: ()
LUUI'I1LOatlu'nl1WU1"1~1t1L.-t£JU"£J~"'\Mu1"UU1~.-ttln1l"~~.-t 1111. 

Om L\Mr'nl1wJ'1yj1TWLii£J\III£J~;lth.nnf11"tI~" (1111.) 

.. • ... _ K ~, :t ~ K ..... :..... !'I .. _ : " !'I. • .. t ( )
(Coe-CNm) ~aa"~Ln""U';l::LuUI'I11'1::LLUUu';l'lltl"U""UU1""~£J1I';l::~~Ln.-tU1"1~WI~ua151~"£J~L"£JUUU"1 CNm 

~~;r';lt£J~I11t1t~i£Jn1~.-t;l11 Li1~a"1~"£J~ Coe-CNm ,;U CN ijI'l1~"aUm£J,j£Jtln11t:1uEi ';l::n1~"t\X~a"1~,ruijI'l1 
~. • - t,.!' .. 1!'I. ..I 
LUU~UtI ~a"£J~n1~.-t1LUU~1U"~~" ~PI~"~~1t1a::L£JtI" 1~U "1~1~ G:. 

LAIIU Qm Coe-CNm CNm 
UUI. 6.02 14 0 
'Ul. 10.10 23 0 
f1.lI. 14.06 32 0 
n.lI. 29.10 67 5 
••11. 56.43 130 68 
nJJ. 71.03 163 101 
1I.fI. 58.80 135 73 
".D. 3222 74 12 
tI.lI. 21.88 50 0 
1.1.11. 11.34 26 0 
n.". 726 17 0 
fI.lI. 5.13 12 0 

Ldll 26.95 

, .. _"t .. K ..I .. r..l.. !'I .. - r " !'I.. ( '-!..'"!, .. ) 1 • - - •
1'111'1::LL'U1J"I1t1L"£JU"£JiJ\J';l';ltlmmfIW'm1n£J1I';l::~~LnflU'm1~WI~Uil151~ CNm, WII~1tI1" "tlU11Iin1~1Lf'I~1t~ 

fl1111tl"tl£JtI (r~ression analysis) tu1'1"£J4mul~1Ifl11LmU;U"14 (linear regression equation) LtluLl'l~£J~ii£J 

~a"£J~n1~.i1LUU~1utJ~1n!l11 2I1Ifl1~l'Itil"1'I121"iihNj~an'lffil::~~;r ;i£J 
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Om 12.45 + 0.015*Rm + 056*CNm .J",) 

Om = 10.99 - O.017*Rm + 1.84*CNm .,,(&1 

fl1EJwT~mnllllflBtlmnimU'lliHu.utl41il(l~ (verify) "1amTlhiElJ;JmttmUm'Iflrnu.tltli1ile~ftB 1'i1f'1::U.UU 

.. _"1'" Z .,j.. ~ -4__ .. ~."'" ~ .~. ~. l ) _e ~ .... .. ( ) ... ..
'I1EJlllaU'llB'IlJ;);)a1nJflmJu1vm'IU1lr;J::~'MLfllllU1'V11~\IIel~Uil181'I \CNm u.eltilJ'I1I1WU1H14'I1aIllBU Rm neltlL"1111'M1 

tB1I1w,l1f11'I1EJL;iau (Om) LLflIl HF/LF '\'ttl';;' u.tltl41~e~~~nililiftif'l1111~nMB~tU'Ilj~tlyjl'iauf1~\1~ llllEJiifi1 

«lItJ'Illa'VImUm'I\ll1 me coefficient of detennination (r2) Lf11ntl QcC.1iIO LtJai"L4ufi ~~u.fI,,~tuttJyj (I). 

"'au Qrne Qmr 
L".II. 8.73 6.02 ....... 15.13 10.10 
lUI. 15.59 14.06 
n .... 18.88 29.10 ..... 55.33 58.43 
n.1I. 75.03 11.03 
11.... 58.42 58.80 
....1.1. 32.25 32.22 
If.... 10.29 38.54
".... 10.96 11.34 
n..... 10.86 1.26 
fl .... 10.73 5.13 

'1U 320.20 3410.02 

80 
70 
60 
50 
40 
30 
20 
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0 

._----

Qmr y =0.935x + 3.373 
R2 = 0.841 

c---- - 

/ 
~ 
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---.--------~-..--/ 

- ----- ------------ - ----- ----------- -- ------. 

..... 

._w____" 

0 20 40 60 80 


(a::).m'If11mJIII,h HF/LF tir'fu'n:~tlf'l1111j~iiu"a~'I::tltJilL1I'1Mu1i1 L~MU;)1nm'I\ll1«N'bu"a~tB1I1w 

,l1lhrnfJ""au«L~tuqf1N (l4u.fi""81.I1Iq\tfl1fruii~""eU9!il1f'111) nuU~'Ml'I1fJ""au«L~tuq~ui~ (,f~u.tiLiiau 
_ .... ) ... . .... ., r . _ 1.1 • .. ~ .. ~ .t /II .... 

Mtfl;)n1fJU(l~",aUWti1fJU WRlf'l1 HF/LF "a~lJ19IW1LLflflmJfI1I1mf'l1"QelfJ U1r.mN~"YlLflfl"llUm'M1ltll1l1;)"L'IfJ~ 

tw.i ;)1n,h HF/LF uBaltlm,h HF/LF 1I1n u.elljn1mJ"L\Jufi1f'1::u.uutintlf'l1111j~iiU'llB~'n:tltlilL1fIMU,J,U.tielll 

"-'11.11, HF LF HFILF fttrllSEc HF/LF 

11'.11'''' 285.12 100.87 2.63 Uft. <2.50 
Il'WQI ""ftN 349.90 129.71 2.70 &ll1ufa 2.51-2.70 
Il,Ltlnt 103.53 20.93 4.95 m .... 2.71-3.00 

,hUla. 3.42 ,..,.. >3.00 

http:1'i1f'1::U.UU
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_\'1 0'" o~_If."'''.r.,/ .. f • ~tI ( ) ~"'O(1LI.~\m1''''1~m.JLLU\.J~1il8~L''8n1'nJ1~1JL''flU'nJYI''W1''1~ "I Yl1 1tiLYlt'I vaUdation ~"\l1iUI.:l 

L~"n11aln11tftl1tilB"UiI~\Jt"m~ilfi1.:l "I 1I1L\J\J.n"11~it8U \ftLLrin1ni1it1\JB1~"111 ili~~i"L~B~tmi n11,j1\, 

'" T .,/......, .'1 .. l!I 'I. ,..I 0 ...... :lI T_ 0" .r ..I ... 
'U11~"(iI Y1~~m"\J1\J LLatiu1l)1111"1"L'D.:IL'U1~~'lI Y1f11"tiPl8.:1 ~.:Im"\JPl111'U"1I1 ~B\J1L'U1r11l1""\JYI ilfl'tJWti(il\J n11 

t "tI T ~..I.. .~ f .1 .. ",..I. l: , _..I - .r 0

'U 1ti~B'U\JYI(iI\J LLati1J1111ru\J1H\J11BL(ile\J'Ue~Yla~u.~-1W ~iln11"11\litfJU"\J11NilNa"YlLn(il'U\J\l1flLLUU\l1fle.:l 

rl8"PI"84ti'UPl1111L\Ju\l;~tuM 1Il411BfltiIiiBlllilLLrlIII~t\J"111.:1i1li:> 

n11l.tM'naW""u 'f",,1R CNk) CNso CNve eN HF/LF f1111111Ttliu 
a1ua,,,,,,,, L'ila"l\Dl 50 15 18 83 3.23 'nafll 
UI1111". ,hu 44 15 23 82 3.13 'nQ.
lI,auwr" UfIIfJ1IIa1l1 38 5 5 48 2.32 lInl 

~;8 CNto (1!I)\l~iv~\J ~;8 CNso LLati(",)\l\liVMPlqll~\J ma CNve 

ltl1LLn11l\l::,j1n11'l"UIfi1f1tiLLw CNto. CNso LLatl CNve t~L\J\J,h CN u.tl1\h\'lJtli'ut~L\Jufi1f1tiu.wi1\liB 
.r ..I... r..l '" 'I. '" .. r .~. 'I. !'II... .. .., ::, ~tI 1'1 • '" '" r .1
"\JYIfI1.J\J1Y1W1811\lti~~Ln"\J1Y11~WI~\JfI1ti11LlJU11Vllla\J ma,., CNm 'U\J"a\J"8~ \ltiL\J\Jfl11\J1L'U1'U8\jil\J1H\J'l1fJ 

Ll8U'1Ji)~mn ltl1LLn11111W1autmil (aU LLaI (e.?1I1t11::Lii1.Jfi-nf-nimBLl8\J m8 Om 

iu"auq,,'ti1Bltl1LLn111U,hWnI'wh11BN\w1'M1th HF/LF u.tl1WU11l1L;;V\JtiuLnwtiiln~"tll L~a1~ 

fI1111~MamuuilL1t'1imJ1'Uf).nfuil"fl~1 11a~1\J1::*'-'''' ~l'lftm:"liaa41tl1LLfl11lfl1nim\J'Ua4LLU\.J41f1845j 

ftn'tJWtiIll4LLr11114t \Jl'llill!l. 

ftn'tJWti'Uf)4u.U\.J41f1~ L\J\JLLU\.J41ft84f1t:il"t'l1r1"iitlftl1tiLii\Jfi1f111i1~Ma41ti\JuilL1t'1.ruJ1 lJlBtf 

«""'1\J'Uf)~tI11I1ruJ1v11.m.WIt\J'tl14'l~Nu ti'W11I1ruJ,v11;nWlt\J'!i14q~u.tl~L\JuM14if\ LLatitfM1LLtI'rihJ,::n8uLtlft1B 

.lit "'. ..I fIIL.. .LI- T'" .. '" r..l.. .~, II • 'I.' .:i.1 ~tI'"
u\l\lfJ"1~ "I YlLlJU84nu~iijfla\J'U8~~fl1~TN'WUU\JL1f'IfnJ\J'l'mI\m\J'm"8m'~w:nIaW1Y11~\JfI1tJ1' ,.u1tifl8U~ III1fJ 

_ rD.. :' .1.. • _ ~ _"'I .J!. .r ..... r .,/.... .., ", . !I.... r . ~ 'I.. ~ '" ... "tI .. .. 
U-u.l1W1.J1HY LLalfI1f1tiLL'uYU\l.mnmPlW1YJUtmtrmPl8fl11~1nJ'm1~WI~\JfI1tJ11 ~"LLfl fln'tKllt:l,)lI 'tiLYlt'I Wf\fI1.J, 
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C1Ifh...................M.1h............., .... thhllHl_11I.,..... C.., CNI 
, ••• (eN. 

111 eN. 
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l.Lil~'U;j"-t.A1J1W;;'Uflq1Jjj'U L\J'Ui1t1~::w'Ul'hi1i1" t"E1U,.ue1Jil"1~';1'U~"fl1vJEl1'tIe~'h~'U,l1'Uil",j1~ '1 'U~L1W"eEl 

L~W"11 ~m"L;iEl~twjmi'l~1~L\Jw'U'UililtJ~ 

"'*.,. 0 ., I ~," _I" ~ " ... ., .!'L ...... - .. "~ ... ,,
tHLlJJ11LL'U'U~1ila~"~nil11~:: ~Wlft'IIa~fl1 ~ u~~W'Ui'la1\11l1""LnilLl'lEl~n'Ufl111JLW~~~"Lfl"'U'U~'U"'U"fl"11J 

LL"M.w'U1~i'i1'U;l~a~ltlwfl1_'U1 mVi pj1'tla~i"i'i1'U'llUI1wJ1'ri,m'Milt\"b~q~rJ'U tiut.A1J1w,l1~1m'Milt'U,.b~q~ 

~~ '\II;el'h HF/LF V~'Wi'I1JL'\II'lr.lilL~1;lfl11 ~~,i'U~~fl11;l~lIiifl1~,"1Il'U1LL'U'U'}1iltJ~~~ruil1d,jalti L~tJt~fl1W~IIW'U 
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