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Jakkrit Chainet 2007: Application of Rutter Model on Interception Process of Different Landuses
at Mae Sa Watershed, Chiang Mai Province. Mater of Science (Watershed and Environmental
Management), Major Field: Watershed and Environmental Management, Department of

Conservation. Thesis Advisor: Mr. Chatchai Tantasirin, MS. 132 pages.

A study on interception process was conducted on a lychee plantation and a secondary forest at Mae
Sa Watershed, Chiang Mai province, northern Thailand. Gross rainfall was measured above the canopy using
tipping bucket automatic recording rain gage. Three locations of automatic recording throughfall gages (Th11,
Th12 and Th13) were set up beneath the canopy of each study plot. Rutter model was applied to estimate
amount of water that fall freely pass through the canopy and water store on and drain from the canopy.
Several storms of measured rainfall and throughfall were selected to verify estimated results from the model
using a parameter called Model Efficiency (EFF) proposed by Nash and Sutclife. Several model parameters
were calibrated using Generalized Reduced Gradient technique. The results can be summarized as follow.

Calibrated parameters deriving based on 5 periods of selected data of each plot are as follow. The
free throughfall coefficients (p) of lychee plantation calibrated from the model at Th11, Th12 and Th13 is
0.72, 0.71 and 0.62 respectively which is averagely equal to 0.68. Canopy capacity (S) ranging from 0.46-0.93
mm. were found, which is averagely equal to 0.66 mm. Coefficients of the canopy drainage equation, Ds and
b vary from 0.09-0.31 and 0.75-1.47 respectively or averagely equal to 0.21 and 1.07 respectively. Estimated
interception from the model range from 4.04 - 5.11 or averagely equal to 4.28 percent of gross rainfall. EFF of
each selected storm vary from 0.8413-0.9826. However, efficiency of estimation decreases (0.8064-0.9100)
when average value of parameters were applied. In the secondary forest, p coefficient is lower than that found
at lychee plantation. Values at Th11, Th12 and Th13 is 0.38, 0.43 and 0.50 respectively which is averagely
equal to 0.44. However, canopy capacity is higher ranging from 1.01-1.54 mm. or averagely equal to 1.20
mm. Ds and b vary from 0.20-0.39 and 0.41-1.50 respectively or averagely equal to 0.29 and 0.91
respectively. Estimated interception of the secondary forest is higher than that found in lychee plantation. It
vary from 7.19-7.81 or averagely equal to 7.71 percent of gross rainfall. EFF of each selected storm vary
from 0.7490-0.9732 and range from 0.7136-0.8874 when average value of parameters were employed.
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M9 1 wamsanelsuaniissaluilszmea’lne

fynssafiUnagu % vearHus el
vhitada vrusudousen i lnanudidu

5350108
1h@uN (Hill-evergreen) Aoo1jo 8.90 91.34 0.52
Thavuda (Dry-evergreen) 91LNIY 4.07 94.80 0.97
Thavuda (Dry-evergreen) 9.32893 30.34 69.38 0.21
thdnsssuma uunia 1.61119 62.67 37.44 0.02
Y5 (Dry-dipterocarp) 13139 2.81119 61.04 39.08 0.01
Ywganssalddn aouFesan 39.21 60.31 0.38
iU ans s (Mixed deciduous) 9.1 12.72 86.64 0.62
Yufasa (Dry-dipterocarp) 9.111 3.75 95.79 0.44
'|Wm1n (Gigantochloa nigruciliata) 69.77 24.10 6.13
Truna (Dendrocalamas membranaceus) 75.75 23.46 0.79
duih
ATZAUUTIA (Acacia auriculaeformis) 30.96 67.65 1.39
NITLDUNWI (Acacia mangium) 34.10 58.40 7.50
80U (Dipterocarpus alatus) 70.43 26.75 0.51
gﬂ?ﬁﬂﬁﬁ (Eucarlyptus camaldulensis) 15.67 82.21 2.12
AIAOUNDY (Hopea odorata) 36.35 60.71 2.95
a0 (Tectona grandis) 36.11 61.62 1.97
!ﬁfm (Melia azedarach) 7.61 90.38 2.18
ﬂﬁ:ﬁuﬁﬂﬁ (Leucaena luecocephalus) 26.06 72.52 1.42
iina
W12 (Nephelium lappaceum) 70.39 27.27 1.16
WE8U (Durio zibethinus) 80.04 19.27 0.71
123 (Mangifera indica.) 64.25 34.31 1.15
YUY (Artocarpus heterophyllus) 46.51 65.41 1.36
ﬂi:‘i/’ljﬁ)u (Sandoricum indicum) 36.33 61.13 1.16
Wﬂf’]ﬂ (Garcinia mangostana) 48.20 49.30 2.50
WY (Eugenia aequea) 23.24 94.53 2.60

A @ a 4
nu1: Aaudasnn UnusLazAu (2545)
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Crockford and Richardson (1990) Aink1ANuduRUTyeSanihwrgatuanssauy

] < oy . . .
lumsamnuiiveuseusen (canopy storage capacity) UDNTIUTU (Pine plantation) AL TIU
1 A @ =\ = 1 = ] < :j
Phgaadaa lulssmeeeaasias wanmsanyinu luarvauimanssausmsnnnuii
A 1 a (o 09/’ csy 9 . a J v I 31
vousouyagIn I emaldaiiat 1y regression Tumssziiuwuneaussaugmsnmnuii

A = [ o &Y a :1 A R a 3’ A KR 1 =
YousousaAlANNFUNUTAUUSanimyea TaglSuaninyealusianal 4 Yvesaruau

N 18.3% tazihgaaddmniiu 11.4%

Y
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wamsanyImuNUsnaniissaves i luneiidsuaunn 1l unay Fawamsanyida
uBINUMIANYIVDY Cantu-Silva and Gonzalez Rodriguez (2001) 4t8% Bryant et al. (2005) 7

14
o

= a gl AR = 1A A A R 9 = 1 9 ]
Anp1dsunaihnsea Wﬁﬂﬁﬁﬂ‘]&ﬂW‘U313J°1J'53JWillL!"IW‘D'fJﬂ‘U’ENthGl‘]JL!ﬂ‘]JNﬂWNWﬂ’NUhJGl‘Uﬂ’JN

3;3 av q Y T A oydd lﬂldgl "o o o 9 A A 1A 1o
MU Qﬁﬂ\i\‘ﬂi&’)’ﬂEJGI,WLWE]WEI’JT]J§N1ﬂlu1wsﬁﬂﬂ1uklﬂﬂlu@§ﬂﬂﬂ%ﬁ]ﬂﬂTHW%LWEN@fJNLﬂEJ’JLMEN
42/ "o v Y @ a Y

VoY ‘]J{Ifl]‘l]EJ@THﬁﬂHﬂ!SV]NQﬂJE’JTﬂ”Iﬁﬂ?]ﬂ

=< a gl A R I a Aa J oy Y 9
Tanaka et al. (2001) ﬁﬂH"I‘IJ'i3JTﬂlLlTWGIfEJﬂlei’JQ‘]JWQ‘]JL‘lﬂﬂJiL'Jﬂ!Q?JH”IW'JEJﬂi’Jﬂ?J”I

=1 =} a g} A R a g‘ A R A QJ 09:
Uszimst IneransAninuniidsmaniiista 11.6% uazdsmanihwsdatinnuiunsgans

] 1
~ a =

dy z a g‘ A R YA a dg} o Y (a 3’ ] A

ummqﬂimmmwww"lmmmau “Bx‘llﬂﬂinﬂ‘ﬁﬂﬂ‘ﬁllﬁ]ﬂ"llﬂ‘i/]ﬂ‘ﬂﬂiil'lﬂ!‘lﬂﬂjuw1uﬁﬁ]u
= 1 g‘ A A [ < a a 09/’ I (B v &

sJamJmqqmm1vlumual,iauaaﬂamﬂiﬂmuamwamawﬂ@wnaﬂuuwﬂ@"lnmauﬂm

Aawv Y <3 A a J = @ 31 A A Y v A o 2
QWHD%SiWﬂ?W?JLWHLWlIMM?Tﬂ?iﬂﬂ'li@]i’)i]’)ﬂu’lF\lulﬂu@ﬁ@uﬂﬁlﬂiﬂﬁﬂﬂuﬂa\‘I“I/I‘I/]1ﬂ1iﬁﬂ]&l’l

4 Y Y
~ A Y

% a o A =K
NateannNuAULlsYeIlSUIRNYEA



11

v v v Y
Hashino et al. (2002) n3AnInTzUIUMsNsda lunuiguii Shirakawatani Y04
L a a 2} [ o 4 1
Uszmaq1juTag1d Tank model UsziiiumSuaniivdauazasinaeuanuduiusszning
v v
Ysuanhiisdanunnuminwive iy (rainfall intensity), ¥39381HUAN (rainfall duration),
Y Y Y
uazANENINUBINT 52NN (potential evapolation) WUNMIgadeth lugivealsuanine
' Y v
FALNVUUAINANUNTNIUIVDINY (rainfall intensity), B39 ANUAN (rainfall duration),
v
HAZANENINUBINITTLINBYT (potential evapolation) 1FUIABINUMTANYIIU Serbia 5297
1 a oy A R A [ 1 = % . .
1981-1990 wuNUsmainssaianuAuudslunaazl Tasanuniniwivo il (intensity)
& o v o o A A 1 a g‘ A R Ay Y v o .
Whiledinynganiinanelsuanihistan lduazuansnnuduiuslugiuuy exponential
curves (Letic and Macan, 1994)
= a4 o 3 A YN g Y o A = aw A 4
UONINMSANE1IVBRIN LN YEAve ¢ ITEUAY (tree) adalinmsAnBI e Tul U
9 4 [
INBATNTTY 1FU van Dijk and Bruijnzeel (2001) ladimsnyniiadaluiuindgnivsuuy
Il Y v Y
naugalsznoulide dudnlznds, 4 iwanazdn vesiungui Cikumutuk lutlszina
a A A o = ] A A 1 a g’ A =R 1 o
aulatuge TagyiimsAnyl 2 ¥awa1ned 1995 wag 1999 wuNUsunaihmyeaminy 18%
o v o A (a S A = Ao ] A o A A
Hag 8% MuAIAY NatTuanihnsanuAana 193 ude 10% e INdnyazYINyNgn
. .. ] A v ~ 1 ] Sldy Y I [ a
(vegetation characteristics crops) Tu2 %NnamameJmzmmﬂmNﬂuuazllﬂﬂwmumﬂﬁmm
J A A (a 2 4 v Aaa A
WnygazlUTnanNuIuaaiialy (LAI) uagmsnaguuouseueea (canopy cover)
£ q = A o A o = a S A = A A
FIIANaMIANYUFUIASINY Kang ef al. (2005) Niimsandsunanihnvealunuiinyas
I Y 1 Y
nssudgninadlaeldszuumsIdimnuniosdanuiii (sprinkler) lug1no tongzhou
~ 1 a oy A R d' (% as . . [ - 031’ dyw
vosUszmarunuNMUTnainstanas193a1ae7% (wipping method) (MY 1.3 % 1IHUEN
dy Y I 1 A v AaAa . 4
Gb'i“ﬁ‘mumu@ﬂmﬂmiﬂﬂﬂquﬂlmﬁﬂuﬂﬂﬂ (canopy cover) Haza¥tAa 1 (leaf area index) 1107

. A dAaa A [ A g’ A R ] @
AN (height) voInFnNensnaneUsuiainseasuny

£% = a d A = L 4. N
Carlyle-Moses (2004) ]'I,ﬂﬁ'JTJiﬂuwaﬂqiﬂﬂHTﬂﬁﬂTmHTW%ﬂﬂ EluWHV]‘]JTﬁiiiJGBWW

Us21anana 9 tazfivnaz¥iia Fauansiaziden ldaanisan 2



12

Y

d’ = a o A =R 1
M5199 2 wamsanudsuanimyealuaalszma

A =~ a S 4 = == A=
W%Wﬁimﬂﬂﬂﬂqﬂ ‘]Jill']mu']W“]ffJﬂ FEYLLINNVDINITANY ADIUNANBYN

(%) (o)

Coniferous forests

Pinus sitensis 26.7 34 UK
Pinus sylvestris 42.4 12 UK
Pinus nigramaritima 353 18 UK
Pseudotsuga menzeisii 39.1 18 UK
Picea abies 48.0 8 UK
Picea rubens 21.7 132 Canada
Pinus strobus 30.7 132 Canada
Pinus resinosa 28.3 132 Canada
Pinus wallichiana 21.0 17 India

Deciduous forests

Northern hardwood 19.3 1 (Growing season) Canada
Populus grandifolia 14.9 132 Canada
Quercus petraca 17.6 12 UK
Quercus rubra 19.5 24 Netherlands
Quercus serrata 18.0 2 (Growing season) Japan
Castanopsis cuspidate 13.9 24 Japan
Eucarlyptus grobutus 9.7 30 Portugal
Asperulo- Fagetum 10.9 17 Germany

Arid semi -arid veg.

Acacia famasiana, 27.9a 4 Maxico
Acacia aneura 13.0 15 Australia
Anthylis cytisoides 40.0a 14 Spain
Retama sphaerocarpa 21.0a 14 Spain
Larrea thidentata 18.5 12 Nex Mexico

WUV a D interception loss estimates from individual plants and not at the community scale.

Nu: Aaudasa1n Carlyle-Moses (2004)
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3. MsAn¥INIZUINMIINTEalagluuusass
3.1 Rutter model

| o ~q Y a :j A =R . .
Rutter model 1 unuusiaesi 1 lumsyssldunszuiumsinewea (interception)
A Y S A ' o a Y} ™
FuusnlsAnunszuIumsihnsgaluthau neagiuesnmeslaveslsamasengy  lae

o a o { $ o 4 o @ Y
HUVT12DAUD Rutter ef al. (1971) HNTBULUIAAAINNN 2 Fa1iu Tuiemive U 1anIn il

] 3’ I 1 9 Igl A
Rutter e al. (1971) pisshaumtiosausea (R) ooy 3 arudelduniinunan
Y Y Y v
asuuNuAnIAedEsE (free throughfall; pR), HUANUUAIAY (trunk input; pR) taziiduian
=) :’ dy a a |dy a
VUITOUYDA (canopy input; (1-p-p)R) Jasihduanasuunuaulagdaszazanasgnuan
A o ¥ & oA Y 1o ¥ Sy A a o ¥ &1
TagasaluvazMiwWuanuudduiuhidhgidulashdiutivzinams Inaaudduneo
4 oy { o [ [ 1w v I oy o
He1NANIUGIAU (water on trunk; C) HAINIANIMTDIMIAUENITOUEMSHNNUTIIVEIE
A (trunk storage capacity; S) WINAMTILINEDDNINAIAY (evaporation; Ei) IMAUMIILINY
. . 1y d Ay o ¥ a1y ' ]
q9gA (potential evaporation; Ep) A8 MINANUUAIAY (C) UAMDINNANTIAUEMIANNY
Y
1MU0IEIAU (S) 3LNANITZIMEDONIINAIAN (Ei) (MINUNII2Megga (Ep) guiudadiu
g’ Ay o 9 @ [ 3 g} o 9 1 g’ A
YBRNNANVUAIAY (C) NUTVITOULMIANALINVEIEIAY (S) dIiIHUANDUToUDA

I oy A 9 A gl 1 dﬂl a A .
L‘]JL!‘L!WJ‘LWIL"IJTE‘TL?@‘L!EJ@@]I@EJ‘L!"Iﬁ’J‘L!‘Llfl]$Lﬂﬂﬂ"|’i§$’ﬂ"Iflﬂﬂﬂiﬂﬂli’f)uﬂ@ﬂ (drainage from

K1)
9

d' o d's} A =W U = " v
canopy; D) WeiHuNA e uISousen (water on canopy; C) UATNINNINHIANMNUANITIOUL
v oy . a oy
ﬂTiﬂﬂLﬂ‘]Jl!W?Nﬁ’eJuEJ’ﬂﬂ (canopy storage capacity; S) Ll,axi]$Lﬂﬂﬂ”l‘§‘§$mﬂu1i’)ﬂﬂmﬂl§ﬂu
. Vo 'Y o Ay A Ay '
809 (Ei) IMNUNMITTeHegaga (Ep) LAD1UINANDULITOUEDA (C) UAHOINNANTIOULNT
1 3 091 (Y oy 1 a g’
Annuiveusoueen (S) a2 liimamsszuieininseusen uaazinamsszveiieonn
Y v
iFoueea (Ei) (MNUNI5521Megaqa (Ep) @mﬁ’uﬁﬂmummﬁwﬁﬁ’wum%uﬂa@ (C) NU
v I 09/ A £ v oA ) o A g’ ] A
AUITTOUZNMINANUUIVDIUITDUYDA (S) Fawadntn lanrnuuuiiase AvreuruTausea

g/ ~ o 9 g/ ] A I 1 :l ~ a
sazihrun lvasmudidu TasrhduiiuGouesoa (uwasszunaidunanuudulae

Y
o o 9

a % g' { gl A o 1< 1 1 ~
dasznuinszuennisouseanazdui lvanudrduwiunaniesrninaihnaeuudrdu
o v g’ o ¥ OBJ} dy Y A I %
AUANITTOUEMIANN DIV 1IAU 191 TnTI951999950U80A (canopy  structure) V1T UAD
s v '
auguaulszanfveuihrdunanuuauTasdasy (free throughfall coefficient; p) ANITOUL
@ 3 g‘ (% I g’ o a a
m3fnnuhveuTeugealarausTausMInANUIIYeIdIdL uieswwduifave Y

o <3| { oy o :
91994 Rutter Lﬂuﬁu;ﬁj’]uﬁll@]lasll’f)\‘]u1%1ﬂl§ﬂu&ﬂﬂl!a$§]1ﬂa'lgl}u (Rutter et al.,1971) “dlﬁﬁ']iﬂiﬂ
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Canopy evaporation Trunk evaperation
E
2 Gross rainfal '
A R A

y
Y ! Y

Canopy input Free Trunk input
(1-p-p)R throughfall pR
rE
| (¢
L
S A eE S <5,
=8 E=
& eE,C2S,

Canepy drainage
D =D, explbiC - 5]

| Throughfall | Stemflow

MNAN 2 NTOUUUINNUAAVD Rutter model

17 Valente et al. (1997)

Y
HAANANMITUAAVDIN AITUAT

(1—p—p,)| Rat = Dar+ [ Eat+A c @)
p|Rat=sr+[si+ [ Ear+Aci (3)
A A A J A A A a
100 Ao suaniumiveseugen (Naawas)
A a g’ d' =) a A
o suanimssuignniseusen (Vaauas)
= a ? A ? = a A
E o sanimsameiinnsevsen (Naawas)
a 4 v g’ a a
Ac e suamslasulasvesmsininuiiveaseueea (Haamas)
Y 1
st do UTwanihdui Tamudidu @adwes)
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Et

Act

A a J A J o ¥ A A

o ﬂﬁil']mu']ﬂiglﬁﬂu']ﬂ']ﬂa']@u (Nﬁalllﬁﬁ)

A a A o 2 o ¥ a a

o ﬂ’iiﬂmmiL‘ﬂafJ“LJLL‘]Jm"Ume'iﬂﬂLﬂ‘lJuWENanu (Naalu@ﬁ)

3.2 Gash’s analytical model

Gash’s analytical model 1§udnuuusaeswilafi1Flumsilsefiunszuiums
ﬁ}Wﬁ“ﬁﬁmmzﬁﬁ1ﬁﬂJ Gash’s analytical model u@aseruMsoglugilvosaumsnanouFuduy
HagfingeULLIAALNIEIUARIER Rutter model HALANANIRLIATIR Gash’s analytical model
wemidhumfiodouseasenily 3 szozdalsznen e wetting phase, saturation phase 1182
drying phase Wail Valente et al., 1997 "l?fﬁ;ﬂauﬂﬁﬂizmuﬂ1ﬂf1ﬁﬂf§mm Gash’s analytical

model A4A15199 3

o o A v ' ' . A o

Rutter model (Hutuusiansdn 19919091 Gash’s analytical model Heannduuuy

o 4 [ 1 . IS
$1aoau Tuia (conceptual model) HazaNMS AT UFUFoULA Gash’s analytical model 11l
° a I v o 9 v ) Y ’q ¥ 0 J
uuumamﬂm@mﬁm‘ﬂuﬁnmiﬁaumumauuaﬂuﬂimquu"l@nmiﬂizqﬂmimmumamm
A R o [ 9 1 09.:’ dy o <} o 9 £ daA
NHIANUDY NN INUINUANTEHUWHITUUDILDUITADINNIVTINUUUITADNAULUUBINAD
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(C<S)

C
Ei= Ep-— (6)
S

A 3’ d'g) A [ A (Y v g}
2) LN@UTP\]HVI?’ITQUHL?ﬂu&]@ﬂi\l']ﬂﬂ'J']ﬁ'i'E)WlTﬂﬂﬁﬂﬁiﬂugﬂ'ﬁﬂﬂlﬂ‘ﬂiﬂﬂlﬂﬂ

39UEA (C = S)
Ei= Ep (7)

3 J
Ep wWumsseim 8“1@’@@’@%1ﬂl§6u88ﬂ1%} Penman equation (Penman, 1948)
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sRn+(PcVPD)/r,

Ep = (®)
}\,(s + ’Y)
A A (% :’ . . a =
e Ep fo 9ATINTIINIUIGIAA (potential rate of evaporation, WN./IUIN)
Pc Ao ﬂ'm’;mamamé”aui‘hmwmmmmﬁ (specific heat of dry air, 2.9x10™

UARDS/A1). Y. /DIFIFATOT)

1 Y]

9 v v
VPD f® amanuau lorh ludiunvinananueudl (vapour pressure deficit,
a A o
vaaug
v Y
S ﬁﬂ mmmJﬁﬂuuﬂmmmﬁ’u%ﬁﬂﬂﬂqmﬁgm(change of vapour

. a A 4
pressure of water with temperature, ¥Oa113/03A11% AUT)

r, Ao AMANUA UM UVBIUTTENMNA (aerodynamic resistance, IHWT/3.)
A T A a Jd a .. A a =
Rn o ATITAWDINAYYND (net radiation, LIAADT/ANT.HU./IUIN)
1 Y
Ao Ao manwSeunldlumsmimainnii (latent heat of vaporization, 590
A
LADDI/AL.HY.)
1 { a A 4
Y Ao AN Psychometer (Psychometric Constant, 0.66 4aa113/03f1
=
LEALY )
uae
2
1 z -d
r,=—3In 9)
k2u Z()
11D I, Ao fhﬂ’amc?humwummimmﬁ (aerodynamic resistance, 31!1%/“]53&)
1 { 4
k Ao AAINVDL 10U AITUUU (von Karman’s constant, 0.4)
1 <3 a
u Ao AAMNSIAY (wind speed, FU.AUIN)
v
z Ao ANNgeuesgaInn L U oINS ()
Y v
z, Ao ANueMvesiuAl liadaue (roughness length, 3.)
A = < Hq v .
d o mmqmmmﬁ’Jamm"lﬂaﬁ;mzm& (zero plane displacement, “¥3.)

< ' g} a
4.2.5 D (canopy drainage) HuanMsseu1e11nTeueea 3NLUIAAYDY Rutter

o Y g} A 1 < A A
ﬂiﬁuﬂiﬁﬂiﬂ'ﬁﬁgﬂwﬂuTmaﬂliﬂuﬂ@ﬂllﬂﬂﬂﬂﬂlﬂu 2059 AD



29

A 7 Ay A B} ' v g o 2
1) HJ’EJ‘L!'II?]H“VIFIN‘UHLiﬂuﬂ@ﬂuﬂﬂﬂ’ﬂﬁuiiﬂugﬂ']iﬂﬂlﬂ‘]JU"lsll’f)ﬂLiEJUﬂﬂﬂ

(C<9)
D=0 (10)

A oy d'gj A 1 A (Y v I oy
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(39U0A (C > S)
D =Ds-exp-[b(C—5)] (1)

. . | 1w a g/ A & oA
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v g J A ° Y1 A g o K A 2 4
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tag 0.10 Tuihyuaeg

3| 1 g‘ 1 $ [ 1 3'
4.2.6 Th (throughfall) Lﬂummv]umuﬁ@uﬂ@ﬂﬁ?ﬁmm‘uNaﬁamlmmizmﬂm

A % 1 g‘ A a a
mﬂ!ﬁﬂuﬂ@ﬂﬂUﬂ1u1ﬂuﬂ@ﬂUu®uIﬂﬂﬂﬁi$

Th=D + (pR) (12)
d‘ A a g’ dl = Aa A
o D 19 Usuanihmszuennisensen (Vaawuag)
A a g} d' a a Aa A
PR f19 YsuanihwWunanuuaulaeddse (Vaawuag)

. <3| o A A Y a J A
4.2.7 1 (intercepted water ) 1HUANNNYIATUNINUHATIMVOILUT RN

A o o o Ay & v
fl]’lﬂﬁ@uﬂ@ﬂﬂﬂﬂuﬂﬂﬂu’l‘ﬂﬂ’lﬁﬂuﬁ@uﬂ@ﬂq@ﬁﬂ’lﬂ (Ct

qwﬁ'w)

[=5Ei+ (Ctyyiny) (13)
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Generalized Reduced Gradient (GRG) @2871d4 Solver 11 T1)514n51 Microsoft Excel 31113
VoA 9 A o a a = dyo I "o
mmnmuzaunieldveuaniivua (nee, 2541) Tagmsanuifisviuava Ui uaIi
z dy d' [ =3 Y d' [ Y o =
AAVD (root mean square error; RMSE) nadelsumenlimnasinialdnnuuudiasadian
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= dy o 9 = = a oy ] A
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residual variance

EFF = 1—
observed variance

_ 1_Z:(Qobs _Qsim)2 (14)
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