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ABSTRACT

The objective of this short communication is to introduce several evaluation methods to crop model
users because the evaluation of crop model performance is an important step to develop or select crop
model. In this paper, mean error, mean absolute error, index of agreement, root mean square error,
efficiency of model, accuracy factor and bias factor were explained and compared in terms of
dimension and observed number. Efficiency of model and index of agreement are dimensionless and
independent of number of observation. Relative root mean square, accuracy factor and bias factor are
dimensionless and not independent of number of observation. Mean error and mean absolute error
are affected by dimension and number of observation.
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2.1. HE2E
Lee(2008)= Oryza2000 A8t 54 ¥ &%

Table 1. Abbreviation and formula of evaluation indices

o] DEFH 7S 53T Oryza2000 A7
Z}AT42} Wageningen tjgto] I/l ¥ SR
o]tk (Bouman and Van Laar, 2006). ©] =3&<]
S fElidE s, vidwd 2 AR
59 dExtErt dash o] A FEo wEk ¥
3l5]7] wio] Z&ol] WAE defaultghs WIE ALS-
3 4 Qe A9t Bk FAEEE B Az Ao
N FEFESTE At Ak 1EF 92 T 45
TEL 7)E Gk (default) 02 FoJF FFESFE o] 83t
7351t o PEgt Aot

olefgt HYwo] zlo|g FXF o FAE] sk

E HolME Lee(2008)7} 473431 |7, AlnIEE, A
AEE Je)t 23Eo] tet 23o] aele g4
3 AN R3A5S 98 AMsiaeH FERSVt
o] 3 duel 71k (defaultyS ©18-3}e]
A8 A9E 247 vasignh. FEES EEE 9
I FFANS $900) 213 TP T

Abbreviation Index Formula
n
ME Mean Error ME = Zl(z"isi)
0,~S
MAE Mean Absolute Error MAE = M
zn ( o S.)Z
RMSE Root Mean Square Error RMSE = 1 nl i
zn ( O.— S)Z
RRMSE Relative root mean square error RRMSE = 1730 « 1 nl i
308y
EF Model Efficiency EF=1-=—"7
Z 1(01' - O)
Y08y’
d Index of Agreement =l-— — —
31(s:-0]+|0,~0])
1 n
Bf Bias factor {;,leog(si/of)}
Bf=10
I~y
Af Accuracy factor {;,Z||1°g(si/0i)|}
Af=10

*QO : observed data, S: predicted data, 0: average of observed data, n : number of observation
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Fig. 1. Scatter plot of observed vs. predicted top dry weight.
Predicted dry weight (a) was calculated by Oryza 2000 with
default input data, Predicted dry weight (b) was calculated
by Oryza 2000 with modified input data. Evaluation indices
including ME, MAE, RMSE, RRMSE, EF, d, Bf and Af are
described in Table 1.
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2.2.1. Mean Error (ME)
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2.2.3. Root Mean Square Error (RMSE)
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2.24. Relative Root Mean Square Error (RRMSE)/
Normalized Root Mean Square Error (NRMSE)

A7 GAR W] FEHOE ok gk &
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Table 2. Comparison of evaluation indices in different units.
This indices were calculated using data of Fig 2b

Yield (Kg 10a™)  Yield (tha™)

ME 535 0.535
MAE 698 0.698
RMSE 825 0.825
EF 0.27 0.27
d 0.866 0.866
Bf 091 0.91
Af 1.12 1.12
RRMSE 12.1 12.1

n 2
(0-5))
RRMSE or NRMSE = 100 2,078 4)
0 n

" 0,-S; 2
RRMSE = \/Zl(m) (5)

n

2 4y A7AN W} relative root mean square
error (Rinaldi et al, 2003; Loague and Green, 1991)
I normalized root mean square error (Bouman
and van Laar, 20060)2 X3 4 (4= 2=
Hi(0)CZ RMSES WiE A= oA} Al
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o] A71elA 711 B FE WA = JITH(Table
2). ol¢h= HEE 2] (5)Y9A] relative root mean
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2.2.5. Model Efficiency (EF)
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Fig. 2. Scatter plot of observed vs. predicted yield. Predicted
yield (a) was calculated by Oryza 2000 with default input
data, Predicted yield (b) was calculated by Oryza 2000 with
modified input data. Evaluation indices including ME, MAE,
RMSE, RRMSE, EF, d, Bf and Af are described in Table 1.
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2.2.7. Bias factor and Accuracy factor
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Table 3. Summary for characteristics of evaluation indices
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w7l ofn|7} §lis A& opth

23S ART u) ofH AFE ARgsfort djar
A8 = glek. 2] Aol wet A3k 58S
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MAR= e T g 4= Sk ot 537 23
wE} 71 F-EHAE Ao 2HE 4= =t Bellocchi
et al. 2002y YA oA Fuzzy Al2-8lol|lx E-835)7]
#J8l Favorable (RMMSE<20)2} Unfavorable (RMSE
>40) ©] F 7lEs ARt wdel wE AR,
Ross et al.(2000y2 AEEE dS5A] BEPEF 0.9~1.05
o] Wejell = Aol AAgsirhar HAe . olF%
7} @A EE 1 B3] Eitsls QAP uet
st 243 4= ok

olg)gt AHE Fg3h= XTI ME A
A B =ol| A Aljlehes A 94 EFgie® A
29| HlolHr; B9 Wol7}t &2 A FRIsE T
oF S57F g A5 o] ol disixe AAES
daslt}. olE 9] Fig. 2a 7% 459 EFgte] &
F2 HPHJ. o= default YHAEE o]&3F &
ol 52 Fofnjair st FatelA] /)il e
thal & 4= Atk dAle] A9elle dEAEE WEst
o dS59S MAT 4 ATk 2y AF9el e
A AERF A= U I e BE AAE
AEs|aL F7gsor & dste wAe 4= Qo

EFERIl & @&gks Fale] Bo] A5 e s 5
23] Hiedsl=A] g3}, e 238 & FA7}
ohd o] X 0919 T 19 7Pk S ®el
t}. Fig. 13} 25 v|wsle] B Fig 12] 73 default

=

Limit of value

Dependency on

Index* Best case Dimension .
Upper Lower number of observation
ME + 0o -0 0 yes yes
MAE + 00 0 0 yes yes
RMSE + 0 0 yes yes
RRMSE 100 0 0 no yes
EF 1 - 1 no no
d 1 0 1 no no
Bf + 00 >0 1 no yes
Af + 1 1 no yes

*Description of evaluation index is listed in Table 1.
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