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Establishment of An Optimal Model for Calculating the Reference

Crop Evapotranspiration and prediction of the Change Trends Under
the Impact of Climate Change in the Future in Taiwan
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d 3fEE 2 e i(1).48 5 ¥ (MLP)~(2).Hargreaves and Samani(HS) 5% = ;4 2 & ~
(3).+* # HS ~ MLP # FAO 23k chddicsf = ;2 § 02 RMSE 5 BiE 3@/ 4k 5 ie- #
BEWEFY ol S 2 T IRE3IHEE SN GCMs 2 TCCIP chA KB T
P A REY R AFEFRFETZRCAERHE -

AFE g e - F A (KOppen-Geiger) # g 4 #8% 5 A# S-S 8LIKE 4 BA R F 03
FOETER AT CEFE AR RPIEIEFEARORLPIE S HEY 20 2P F
#1(2004-2023 # )it {737 » B¢ 16 #p FRE 23] 4 2 p THREFRE AL S
A (D). AU F 2 (HS_ade)f@Jl Hargreaves and Samani(HS) ¢ >t ¢ * 3k +
- %0 fadc 2 (HS adjl) » ¥ * HS adj2 = ;2 # HS adjl = ;2 ¥ 2 # RMSE & 4 %)
' 1% 0~21.74% ~ 0~12.35% ; (2) R LHTE SEE G ETo 2§ B hi RopR Sk
XYy n bR REPIRE KR Q). BERINSPIEETEF REREG R
B TP > EToed #4042 2 MLP-a i3] » # = p| ¥ HS_adj2 ¥4 » & HS H-7)
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(4).5 ' R:BIER = S BT LR 34 GCMs 2 4 kit 5 23575 4p k4% >
ETo ¥ ‘& (2021~2040) ~ # # (2041~2060) % * & # (2061~2080) & w45 4 + = » &0 #
E#p &K 8P (2081~2100) i 3 B 4 » O EE F 2 B SRR EBIET RRBEEEFER
HHAAFE R ERARDKFTREZRRERTF AL -
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Abstract

Crop evapotranspiration, also known as crop water requirement (ETcrop), IS @ crucial
parameter for the government’s promotion of farmland reorganization or the expansion of
irrigation services, helping to grasp the water demand in irrigation areas. The reference crop
evapotranspiration (ET,) is the primary step in indirectly calculating crop water requirements
(ETcrop). The FAO56 Penman-Monteith method is one of the recommended methods by the
Food and Agriculture Organization (FAO) for estimating ET, and is widely used
internationally; however, this method requires multiple meteorological parameters, making it
difficult to apply extensively in practice. Furthermore, considering the impact of climate
change on climate and water resources, the fluctuations in crop water requirements over
different future periods influence the overall supply and demand of water resources in Taiwan.
Therefore, assessing future trends in advance can help the country prepare for changes in
weather and water conditions and formulate policies for adjusting industrial water use and
regional water resource allocation.In this context, this study aims to establish an optimal
model for estimating reference crop evapotranspiration (ET,) based on the rapidity,
universality, accuracy, and trend prediction in response to climate change. The model consists
of three calculation methods: (1) Machine Learning (MLP), (2) Hargreaves and Samani (HS)
empirical formula adjustment, and (3) comparison of HS, MLP, and FAO-recommended
parameter substitution methods. RMSE is used as the selection evaluation index. Additionally,
through a single-parameter method in machine learning, three suitable GCMs for Taiwan
(CanESM5, EC-Earth3, ACCESS-ESM1-5) are selected, and future temperature data from
TCCIP is applied to estimate trend changes under four future scenarios.

This study classifies Taiwan into four different climate zones based on the
Koppen-Geiger climate classification method and selects Chiayi, Hsinchu, Hengchun, and
Yongkang weather stations as representatives for each climate zone. Twenty years of daily
data (2004-2023) are used for evaluation, with 16 years for model establishment and four
years for validation. The results show: (1) The linear regression method (HS_adj2) is superior
to the single coefficient adjustment method (HS adjl) in adjusting the Hargreaves and
Samani (HS) model, with RMSE values reduced by 0~21.74% and 0~12.35%, respectively;
(2) Cross-analysis and validation indicate that solar radiation data is the most important
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meteorological parameter for estimating ETo, with wind speed and humidity being less
significant; (3) The optimal model shows that when meteorological observations only include
temperature data, the best estimation method for ET, is the MLP-a model, followed by the
HS_adj2 model, while the performance ranking of the HS model and PM1 model depends on
the target station, but in most cases, the PM1 model outperforms the HS model; (4) Climate
change prediction results show that all stations applying the three GCMs and four simulation
scenarios exhibit the same trend, indicating that ET, continuously rises from the short term
(2021-2040) to the medium term (2041-2060) and to the mid-long term (2061-2080), reaching
a peak in the mid-long term or long term (2081-2100). This underscores the increasing
demand for agricultural irrigation water in Taiwan over time due to climate change,
suggesting that future water resource supply and demand policies should be adjusted in
advance to respond accordingly.

Keywords: Reference Evapotranspiration, Climate Change, Machine Learning, Optimal
Model, Crop Water Requirement.
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EF DA T LR SR L A PHIES N KT RO R U E > 5 H
LR TR R KT REs R 4 -p £+ 2 (Petropoulos et al., 2018; Boretti & Rosa,
2019) > F]p BB kS AR E £ R > TR 4 FFHBET)L I E L 2 kT &
A RHF R R 5 FEACR(ETo)F 2430 i R ¥ koS o R R EAY
K FRARE - A £ & (Gamal et al., 2022; Wanniarachchi and Sarukkalige, 2022) - 4& &z ETo
3 E A FERAGETEAG  HY B FFREZBPITIRY ETokd &2 HE
R AR R PP R ﬂ\(Kumar et al., 2011; Anapalli et al., 2016) » F]y* > 47

Rt B ERKMS: LB EE % (Food and Agriculture Organization of the United Nations,
FAO)a‘r:i/% 7 FAO56_Penman- Montelth(FAO56 PM)= 2 | E B B 2 ET B ida iz > 2>
FEIFTEFZE F R %7 (712 (Suleiman and Hoogenboom, 2007; 4 & = % »
1996) » k@ FAOS6-PM = 2 2 & @ % 2 5 chf % S8 Gldof i ~ B & ~ 2 5 BAE ~
SHEEHE  FERY P F R LU SHRG i Ba B iR F Rk T AR
FEBLR] FAOS6-PM = 2 1% ing % iy FIFR N EJFaF R 2y £ & %ﬁ“?
PR b SR EERDET A Bk AL E RS

o ¥k L 78§ fOBLR] S 8pF o Allen et al. (1998)#: i iE R S BT N 2 > F A
*ﬂa‘ﬁ%ﬂ&&ﬁwﬂﬁ’.ﬁﬁ*ﬁ = RERAE g b @ T4 5 FAO56-PM
i ETo B2 a3+ BB HE IS5 % 58dis ETongs% o\ F 27
%PT Hargreaves and Samanl(HS) ASEA ”ﬁ 7 4% entd 5e (Almorox et al., 2015) » * ¥ 3% /2

WTRH*ERZE » ARy ST D PRI ER TR FI TR LR S
By m_)iﬁxo}fi F¥HS B iR F AR RES N EFE ] ﬁ.%ma‘a, FE S N AR ET
7 enETodt ip = 2 (Trajkovic, 2007); 3T & k> % S BE P = 2 (2412 48 5 - fAA748% -

B2 8 3 mjguhr RE g 3tk 2 7= 7 (Patil and Deka, 2016; Zounemat Kermani et al.,
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2021 F ST F AP BB Y S 2L BRSHR AN A HFIIEA L §F { & b(Luoet
al., 2022; Mosaffa et al., 2022) > 4 B ¥ #0317 12 f 70 2 » S0 tp st @ 4
ARG EEY > @ HEE R SRR FVR o P EF R 2 (Chen et al., 2020;
Kim et al., 2022) » Kumar etal. (2011)45 12 3 ¥ 5 A 3 EF S EPRFF ¥V #5338 & ETo
v 71 . @ Multilayer Perceptron(MLP)%‘*”" Bk ? A ERET Lenk 1A SRR
(ANN) (Kumar et al., 2011) - 5= 3 47 ~-F & (KOppen-Geiger) # i 4 #f = /= 5 A #HE
FA% > MNEFENI P HRFIHGES  AFFALRP LI TH2H 1 LAEE TR F %
BLP S cenfin T a2 2 RE RN > = Allen et al. (1998)#7iE 3k e e £~ 2 E
Hargreaves and Samani(HS) 5% = 5% 2 MLP #£3] &7 Paggl » FECHRT e e B % R
i guﬂ s TS IS ETof s £ 8 m;F FBLP SB 237 SAAERDET
FAI(HS ~ MLP 122 FAOS56-PM &= j2) G Fch EToda s 2 » 2% £ 45
..,tégag#g o T LA T ;;Li(TCCIP)bL’r#&x hh KRR RAGE TR A R
*E7FF R8T (SSP1-2.6 ~ SSP2-4.5 ~ SSP3-7.0 ~ SSP5-8.5)c11A %k ETo o

S
2.1 FAO56-Penman-Monteith(FAO56-PM) = j# 2 S ¥ & = /&

FAO56-Penman-Monteith (FAO56-PM) 3k & i3k 2154 % & 5 012 = = (m)~ % o

% Fe % (Surface Resistance) = 70(S/m) ~ & P& & (Albedo) 5 0.23 ~ 2 £ BE & 7 3K L &

%GR %?:K'rﬁzﬁ’& %7 £ ' FAO56-PM :x & 7 L+ FAO Penman = j# i gk FAO56-PM
FEATRE 2 ETo { # & 23R eni®d * -Riicdy ;FAOS6-PM 2 ;¢ 4o (Allen et al., 1998) :

900
0.408A(R, — G) + v 573 Ua(es — €) (1)

A +7y(1 + 0.34u,)

#7 DETo 3 % e i FE AR (MMiday) s A G § B A (KPa/°C) s R & TF 4
%mm@ﬁﬁiwmmmmeéi%%iiWMﬁmmTﬁﬁ**ﬁgzm*
TR () 1y iR F H(PUC) S up B AE G B R 2 M 2 Bk (MUs) 5 e b 4
fe iU B(KPR) 5 ea s F % % F B (kPa) -

NA)E R R FIF S Slco I8 SBcent B 2587 24 Allen et al. (1998) 5 iF ¥

FAOS6-PM 2 4 383818 % 245 £ 5 50 4 % BBl S 8PS 6l4oi2f § B 845 > BB 15 5 -

B i B P o Allen etal. (1998)# 122 iR e S ficfF (2 2 4e T

ET, =

%/a&g+ zﬁibaﬁﬁ&a@Mﬁﬁﬁaﬁgﬁaﬁgﬁﬁa’%§?%%
F BR(ey) » BHF R 25N 4054(2)
17.27 Ty

ea = €°(Tin) = 0.611exp G—572373 (2)
min

9P leg s T EEF B(KPA)e® (Thin) » # & T ke oz 7 B (KPa): Ty & & M 5 E(°C) °

28 ABEEHER E P A RS AR R LRSI AR IR S M
G aE E Bl RE s A A f;ljrﬂ;fﬁ%ﬂ s Tl ¥ i *ﬁ% BAT SHIEHE
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Rs = Kgs (Tmax - Tmin)Ra (3)
4% TRs L X g S (MImday) 5 Tax & §ms #R(°C) s Ry % # *h i #+(MI/m2day) ; Kgs
LT RH(°C%) » kpaE R E(M S 016~ jpia s F 5 0.19) 0 AFT T IR
1517 e Rlzb e £ i kg BiciE o
B3R B TR RS RRA SR E TR T U BRAE G B R 2m 2 b i (up) %0 2
(m/s) > ez 5 22k 2,000 % B § % =benh i# T 3518 (Allen etal., 1998) -

% 1FAOB6-PM 2 588745 % = ;2

Al S8 (RR) S (b i#) S8 (S {5 5)
FAO56-PM 3Rk = FEBR By F R RP By
PM-1 #2342 ® % Rk TE 2m/s i 25%(3)
PM-2 2 34(2) 7 v R Bk P v R Bchh
PM-3 TR BR Bcdy % b i T 2m/s PR R By
PM-4 R BLR| Edy pled RE S/ 25 (3)

AR Y 7 FAOS6-PM * i 2 81 4 (% % i (PM-1+ PM-2 + PM-3 2 PM-4 % 4 48) -
dod 1o 29 FAOS6-PM & f * % fpinl S dc B e i PM-L Al R ~ b i %
FB g 5 TS B 5 5 2 2 B e FAOS6-PM > PM-2 % BE FHREER A 2 & 5 o
FAOS56-PM > PM-3 % | i 7415 i % % % 2 & ¥ ¢ FAO56-PM » PM-4 5 % 5 ff 4 77 42
5B S E B FAOS6-PMe F @0 PM-1 2 /0 @ % 58 & T4 > T 12 PM-L
Boal B e 07 RE A SEeeniCADt B E AR B A K ETo shb 55T

2.2 Hargreaves and Samani(HS) 2 3% 2 & # 3 &

Hargreaves and Samani (1985)#% 1! ZA > iF & LB E &2 3 “Hig s+en ETode 5 > 425% »
43V (4) 0 18 ETo 22 Ry = j4p b 0 1546 3% (5) #-R,(MJI/mPday) i # % R, (mm/day) :

ET, = 0.0023(Tiean + 17.8)(Trmax — Tmin)O'SRa 4)
R,(MJ/m*da
Ry(mm/day) = 2O 02Y) ®)

¢ ETo 5 3 1vh & #Z A2 (Mmm/day); Tiean » T 3R K (°C)i R, & ¥ 45 & (mm/day)-
245 5T i #E(MIKQ) -

d ** Hargreaves and Samani (HS) = ;2 > g3k 3 » 2 R (7 A A L EF 2
Wk FIAETEEARBT FooRE G ZHHS SN FREZ R A 2L
Bl Lk HE-Br i 2P ERMErFS 0 B 250 e(6)~54(8)

1.3k B - i3 & e 2 (HS_adjl) :
= ETo (PM)_Mean ©)
ETo(HS)_Mean
ETo(ns adj1) = Kk X ETo(ns) (7)
;¢ D ETowms adjt) » HS aﬁﬁ B ABRELSSHET,; K 281 ik s EToem) Mean &
FAO56-PM {8 e ETo L 35218 ; EToHs) Mean » B 4> HS 2 38 £ F e ETo T 357 -
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2404w > i (HS_adj2) :
ETo(HS_ade) =a+bxX ETO(HS) (8)
7 ETosadp) » HS B H sl w fFic 2 hEToa @ b 3 B 1 e ETons) »
Rds HS 2 5% o

23 WEE Y -MLP #4

Bl 1 S MLP #3442 BB > MLP 5031800 iy » &~ SRR 02 By 08 e
o EFET LLE RSSO AT LEY 2 f §ORR S
B~ St 34 2 5 (9) M z}&fw%lﬁ B KRR L AERF SR TR
BRI - K o B TR o St b 5 Sigmoid o E f8 -d 2 30 (10) i Bl A
HP R b R B b A S Al §EF 2 PR G TR (R R
0 2014) > F] AFE T B RERAEE S 2 E P R E g SR T BE KRR 3 AR
i ‘3?(Opt|m|zer) ~ 3 fé g O He(Activation) ~ 3 fa4+ =t (Batch Size) ~ 3 f&i% * =t #(Epochs)
15 39 FEREAK AR 0 1t B KR Adagrad ~ Adam ~ RMSprop  jEiE S BiciRl# hard
sigmoid ~ sigmoid ~ tanh > #+ =t P38 ~ 16 ~ 32 > i % =% Hip|3# 50 ~ 100 ~ 150 > £k A B
EAoulplid 1k 2k -3k » D ERAN SABERN 8163250l » B
Mk 3150 M & v B¥ LB BRI PR DB E A SR e
AT R P ARRIEEE G R S e 223 Pk R XER R
ﬁiﬂ > Sl f AR 0 S G R i Sl AR R B 2 03 S
@ A LT AR B L AR H 2 Sodiche & 2475 o LMLP-at £ 4 DR R
v K FE I ST R AR o B T PM-1 0 2MLP-b ¢ 4- 4344 -5 (B B LRI TSR chl
% 3T PM-2 o 3.MLP-C : 4-%t4% > b iﬁ?l?q‘—'m%‘% » ¥ 3| PM-3 ° 4 MLP-d :
F-413k 0 X BB AR ST E R el > BT PM-4 -

Input layer hidden layer Output layer
(n nodes) (m nodes) (p nodes)

—a Al
A2
target
parameters
m n
tp = Wpo eIz Z ijf(z XiWij aF bj)
4 J=1 i=1

.

Aj=Yn X;W;; + b f(4;) =

1+ e'AJ

Activation function : sigmoid

F 1 MLP #3] 2 1
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LHCYI MR B Sl

fic2] 7&" p Tmax Tmin Ra Taew Uz Rs
FAO56-PM v v v v v v v
PM-1 v v v 4
PM-2 v v v v v v
PM-3 v v v v v v
PM-4 v v v 4 v 4
HS v v v
HS_adj1 v v v
HS_adj2 v v v
MLP-a 4 4 v
MLP-b v v v v v
MLP-c 4 v v v v
MLP-d v v v v v

FLL VR RRHEAIT R R TIeng RELR] Sk
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V»LJ.I;;%;?M@ RN P -,];ﬁg,])\xgg,wl]ﬁs,,||[;¢%J>\xg(ﬁ;,,1@xz$4é
4_’”%&‘:’,”%:{_: ’ b];’i :):J 'B;x’%,\?ﬂzé ”'—‘mlﬁ]’}'glﬁ ’ tp1~ EJ ’}:-r‘ :& Wpop IE]’}’EI ’
Wpj e B BREFAN G AL p REBAAEATORE T Sl s Sk
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4 FERINR

IPCC(ARG)% £ >rkA ¢ (v B > 4801 2 3 Ak ¢ 5845 2 (Shared Socioeconomic
Pathway, SSP)» # |- SSP e & L Rk p 2z A v & ~ X KT € ~ 33 4 R
HE o~ FRE M e mfr FB% Fl & 07 e BEK 0 %A 5 SSP1~SSP5 % 5 f&
PR F EFR(FLEE 0 2024) AP TEGOA KE R §F MERFR 40T
1.SSP1-2.6 : M8 o js » B F # é"(Greenhouse Gas, GHG) Mt 2x & » 2§ cfR & 30
& RPFEE A 2°CR 5 2.SSP2-45: ¢ FFELIE o GHG ¥ £3% & > I & ApF > 2 EERE
oAl 3°Cp 5 3.SSP3-7.0 - ¢ B i BT 0 GHG 5 #£3% & » F|& %Bﬂf —‘mﬁi}i#”"
#]% 4°Cp 5 4.SSP5-85: 8 316 i/ » GHG 18 #2%x& » I|& %B% R AR AL
4°Cod WA RBETEFENHRII F # GRBFHRT m{%‘né@w » F AFT A AT
PR FETo Rt A 202 5 E o BARRBETRRAL L 4 BREHEF 7
A w5 74 (2021~2040) ~ ¢ #7(2041~2060) ~ ¢ £ #p (2061~2080) 2 £ # (2081~2100) -

25 2R g™

%A EGOT A HS adjl s HS_adj2 » a2 0 § K@ A kR T Gk
LOEGEFERRIS D iR Al B E B D ek o 3 MLP KA T 0 EH T oo
PR FURIGE B T RO e 2 R € 3 7 £ & (Antonopoulos and Antonopoulos, 2017) >
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AT R %S E (k-fold):®= 2 HS_adj1~HS_adj2 = ;# 2 MLP 23] 97 {7 13
7 ﬁf?p/v\ SVRERVRIGEE o VR S REF R G 2 SR TR0 RIRE R R
HEFDRERFDSEFEFRE > SN TFERREREL OIS, > BE IR &E
SR RAEETE TORT R EVREFRRERE > D R TR 2R %’JM ¥ f?
Moo Ay g 5-fold 22 @2 » B TR ENEZH #4542 5 %0 (k)
4£?*Wﬁ’ﬂ%lﬁ?*ﬂ%’4f*§%“1kmﬂﬁ%&ﬁiw éwﬁ%S
= > HS_adjl fr HS_adj2 = j# 3 * & (>4 3 R %#E > 2 - MLP #31 P € - s R
EGAREEHA P RELSS RS TCHAERE A B ER A S T
FFATAR AR BB > AT T AEPIE L 2004~2023 # (%320 &) i
WITA IR FBFEFIZ 0D GHECEFAEPRITL A RERL BN FHBFES EPE
MUE L H R AESATA 0474 S T A5 B en f % 1 e 1 2008 ~ 2009 ~ 2019 ~ 2023 ;
% 2 ' 12004~ 2015~ 2021 ~ 2022 ; % 3 ‘& : 2007 ~ 2011 ~ 2012 ~ 2018 ; % 4 & : 2005 -
2006 ~ 2013 ~ 2014 ; % 5 % : 2016 ~ 2017 ~ 2010 ~ 2020 -

26 =i H%
AT R i+ 327 43284 (Root Mean Squared Error, RMSE) 2 ;- 2_% #ic(Coefficient of
Determination, R?)3® & #3] et i » H 2 N desV (11) 2 54 (12) -

N

1
RMSE = NZl(di —y)? (11)
2
=1(di - a)(Yi -

(12)

\/Z 1(d - d) Z 1(Y1 }_’)2

FO¢ INGER E ol E o d; 5 38 5 E(mm/day);y; 5 BLR| 8 (FAO56-PM it iz & )(mm/day);
d: 4t i &L (mm/day) ; ¥ 5 BLiR] @ T 3a(mm/day) s RMSE#c @ 4% -] i+ £ #-4) chjt
AR e

S I REZF TR

AF2 3 %46 Beck et al. (2023) % 7w A - F & (KOppen-Geiger) & 1 4 %7 B #-4 4
RAEEANE O AR R AT F IR A R R ¥ A A R hf ”f‘**“' &
TBLPIEP R E 220 00 b P A A Bodp ot BRI S R AR BB ER E A
ARG FTARIEA HEE Cwa s AW s Am s Cfa § g 5 T it Rl 0 3E Y AR
i e BRIk F S AP Y RISk doWl 20 AR UTE Y 0T RLE (> 5 2004~2023 £ 0 B
WAl z 2w g A4F ¢ FREFERRE > T AR A DY e TR E P

B o FE AT T Bdh Nz B 0 B F REHLE € 2 (IDW)ie A4t o
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4.1 FAO56_Penman-Monteith
L pEiplsk® % 4 48 FAO56-PM
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4y .:)M‘ e R

s ¥
’
o 2 kil
o|
R .
RES L 8
i v R !{
,Q_ &
A
5
4
.
&b E A

B S X RPN
. Af
I Am
. Aw
Cwa
B Cwb
Cfa
Cfb
Il Cfc
B pfb
N Dfc
| ET

O i M2k
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100 km

LS ende s o SR Bk 3 B R BT E

%5k PM-2 = j# ch RMSE @3] » # 0.21 (mm/day) > R? % i 0.98 » % 7 7Bl sk 7 ¢

AU RR R 0 2 Allen et al. (1998)4% & % & i
AL B 0 @ PM-2 % 2 AE 4
BRERTAFaEnA E T RF S PM-2 3

AL A K

LoplrhenM B L L R 3

e Al

EE
WL A I B
B 12 8 (27 Taew € 5215 Tin
STER  ER 4 R AR T A E T IPEAR § RT3 T

G 0 B A

i =

L35 048°C @ i pleb? Gigen & T BRI ATy L Bt o o B LR

252°C TP ERES

PR ,}_)?,*n*",‘zma\ LA iE o

# 3FAO56-PM & it = 24t iz ETo2. 3573 9384 2 AT ik 118 %

-_ FAO56-PM ETo(mm/day) s FAO56-PM ETo(mm/day)
o RMSE R2 e E R RMSE R2
PM-1 0.72 0.72 PM-1 1.36 0.15
4 PM-2 0.21 0.98 b % PM-2 0.92 0.69
PM-3 0.30 0.97 — 1 PM-3 0.55 0.82
PM-4 0.61 0.80 PM-4 0.71 0.65
PM-1 0.89 0.64 PM-1 0.87 0.58
o PM-2 0.39 0.96 B PM-2 0.42 0.95
’ PM-3 0.34 0.97 ” PM-3 0.31 0.94
PM-4 0.70 0.80 PM-4 0.67 0.74

R "‘f 1 E &P v&» 'PM-3 = ;2 en RMSE & % & ] » &£ & Bk PM-3 = ;2 eh RMSE

L Y:

7L

E

1
Py
%R

Al s £ o "F

g = B 5 0.30 (mm/day) > # or
v 2% i Allenetal. (1998) 474 & enh i F i 2 2 EF 2445 2 % -PM-4 = & thid
TR F Rzt PM-4 SR R LR
% 20 o 2k oor ~ B i Sy T E 2 5 3F Allen et al. (1998)#7da & g 2
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UAF R & o IR B G ETod TV iR A ER o A RlEY PM-1 22
FAIRMSE iE% 5 % » & d 3 PM-12 29 i & ~ b # 2 X B fpoficdy ¥ L2 &Y
R Fm s Tt irdn it M ETo AR < - R A 3 3t FAOS6-PM g i = 2
sn;; ERF RBUMSAS S BRES £ S RAR AR ARMT ARG L

22 Valle Junior et al. (2021) 2 2 Cordova et al. (2015)7%= 7 2 % 4p e o 2t #b > F 3% R 2k
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