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2.1 RIEXER

ASHIF 72 BB 76 48 A 1 AL A MR R 22 R X AR
K TREHCE S 8 5 520 = T /KRR IR, (34°17'N,
108°04'E, 506 m). £ FHEHHEHIGILRMREH R 2 4E
ARG (35°19' N, 105°05' E, 900 m) LA K E
rp AL 2 B B b RO AR SR B U (35°14'N,
107°41'E, 1220 m) 3 Mg, PAX 3 PMulifi®H 2 a
RIS HE K I st AR R SLNE (3R 1 FI5R 2) SREk T
FRIGUE = & T J5 7%

3 ARG KPR I TCRE I e, A AR 2
JEAEREMATEAN, HARPHER A Y I 5 —8. &8
WLLA/INX 50% M RE B K B SR ONARE, 0k ROk H
B R RV H . AR RIS KA
oS R, AT, 7E 105 CRAE
30 min 5, 7E80 C NMEFRFIEMEE, 47l E &4
BV R WORIITE S/ NX AL 10 AR e A0
B ATH RERLEL DL E R AT A P A B R
AT PR HE KRB R L =R %S
IR, IS HOE L ST ERE N E , PR AR
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Table 1 Historical weather data of different experimental sites
N =1 &4 L o5 = oH = /= 9H
. TR A5 FH A 5 R/ BRI FARIR
Lﬁgg{""g R Hi pi 5?3%1/”\ Mean Me;x SRAD/(MJ-m?) Precipitation/mm Max temperature/'C  Min temperature/'C
ite 1storical years . o
evaporation/mm  temperature/'C gk Max £/ Min K Max 5/ Min T4 Mean Kk Max /s Min 5K Max 5/ Min
itk 1956—2015 884 12.3 30.5 35 140.8 0 637 42 =7.7 28.6 -19.4
Yangling ’ ' ' ' ’ ’ '
v =n
Rt 1957—2014 1335 9.5 30.5 4.3 142.2 0 575 37.6 -11.6 24 -26.2
Changwu
Pas
i 1962—2014 1833 105 30.5 4.2 114.7 0 550 40.1 -8.3 274 -21.2
Heyang
£R2 TRABHAESR
Table 2 Information of different experimental sites
. b Wk e . TERY AP FERh i L it
g% i % FIKE . ; . _
=t i;; H#A H#A S eyl Bull?d%lsit FEEII? jjﬁ;i Permanent  Organic pH ff Sowing  Fertilizers/(kg-hm 2
Site Year Sowing Harvest Cultivar  Soil type Kg-om™) 4 y (cm3-clin 3)y wilting point ~ carbon value density -
date date g Jem?-em™) Ngkg™) J(Fk-hm?) N P K
i 2014 06—12 09—27
ﬁ]% FBEL-958 b 1.31 26 12 8.2 8.4 55000 210 96 77
Yangling 2015 06—12 09—24
K@ 2010 04—24 09—13
JeE-335 B+ 1.29 27 13 8.5 8.1 60 000 138 38
Changwu 2011 04—24 09—13
ey el 2009 04—18 09—10
%E-22 Bt 1.33 22 11 11.4 8.2 49 500 200 85 70

Heyang = 2011 04—18 09—10
T HIAFRE, W2 AMMAEE 0~100 em %)= HHFIME, pH A AHEBTEDHOY 0~20 em /2 FHME.

Note: The values of field capacity, permanent wilting point and bulk density are mean across soil depths of 0-100 cm; and pH value and organic carbon are means across
0-20 c¢m soil depth.

2.2 FEMMERTMNIERR error, ARE)D, BUAIXTiRZMAXTE: 2) ZHR ALK

HTAE NS EEIER R NE, B ILESR—
AN TINS5 5, PR ASHIE 7T % H T G 2 A7
HIor A AR R H =2 g5 8, SR 3 Mabsxt
T g5 R AT PN . 1) X AXTRZE (absolute relative

(coefficient of variation, CV) PEAEH T/ & (19 25 8k
FERRIATEEE s 3) “FIY4aXtAH X 1R % (mean absolute
relative error, MARE) KPEA 7= & FUIIAE A1 5L BRAE 2 (5]
MZER, X (5.
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3.1 FREGERMFMN
7E CERES-Maize 15 8 o1 73 55l 4 N 3 > il 5 1) 338
BB DL RS R, 45 AR 6 AR 0y 1R R B A ) AR

AR EOK 2 A K, g5 A ]S4 ik 1 DA e AR
W S B o R TR (3 P BEAT YA (R 3D, AT
B 3 DR U S EE & Bk s BURS BE I AL
If, SSHEPME S SIER ARE 7E 0~13.3%Z [1].

AR LG T HAE A, Rl B A5 g 22, R ERN ROK
J R P W 05 A TR e LA 2% 3 A R B R R AR
B BOREANAFE BB, AraeS BRMSERAE RS
LR BRLRZ R KIS &, BNES ST
I H AR A EIX — S %0, (2 ARE AT 15%.
[Altt, CERES-Maize #AUEH FHu:. KU L AFH
X3 AN

*3 AREMEET CERES-Maize ERIPIEIE (Sim.) 5CM{E (Obs.) fLt

Table 3 Comparison between observed and simulated values based on CERES-Maize model at different sites

S St Efy iy} Tasscling/d A Maturity/d HE 4y Biomass/(kghm 2)  FPRLA B Grain yield/(kg-hm )
3fi &1 Sites
Year Sim. Obs. ARE/% Sim. Obs. ARE/% Sim. Obs. ARE/% Sim. Obs. ARE/%
- R 2014 62 62 0.0 106 109 2.8 10 882 12 545 133 6 150 6309 2.5
¥ Yangling
2015 61 63 32 102 105 2.9 13019 14213 8.4 6999 6750 3.7
~ 2009 90 88 23 138 145 4.8 13733 15 836 13.3 7725 8212 5.9
% BH Heyang
2011 89 87 23 135 144 6.3 12 526 13 860 9.6 6 608 6 650 0.6
Lo 2010 87 86 1.2 145 147 1.4 16 377 18 094 9.5 10 563 10618 0.5
£ Changwu
2011 87 87 0.0 148 147 0.7 15513 17 365 10.7 9176 9292 1.2

7E: ARE A4iXt AT %% . Nate: ARE is absolute relative error.
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FIFHBRPEE 3 ML S . AR KD %2
AN F A (PRS0 B SR A I AT AT AL (B B oK ™
B, DRKEEF K EINAE, wE 1 AR,
KA H WA IR H 2 5 B AR RS R R 5 0l FH ki e
D3 s F AR R R B R A e BR LR T Y, dE
CERES- Maize #803% H 0l =& (E 1, o s (e [e]
Fahsde.
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Fig.1 Dynamic of yield forecast of spring maize at Changwu
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Fig.2 Coefficient of variation (CV) and mean absolute relative
error (MARE) of forecast yields at different sites
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AU RAVS AT O SRR . 7E e B B B35 — ANV R B
PR, R H W~ & CV 1l MARE #/hT
20%. #5152 a PR AL 2 NMERR(CV HKE N 26.2%,
MARE & KMHA 22.0%) BE/ANTH48 2 ik, XE
LR A K R X b TIE AR, BN R
R BZERmRE, HRSREF A [ R T3
L Z T T oo H PR iR, oA = KRG mfa e
PR T A4 2 Al e X TR fRR A, DA 2011
FEEKREEE BRI, Z T2 F N 1504,
i 5 sh S A 1957—2014 3t 58 a, & i4E K 8 700
NGB DSSAT A8, ikl g R, wh
LEFAT AL TS (Intel (R) Core (TM) 17-7700
CPU @ 3.60 GHz, F[FED M5, 5EM 1 MEEMRM™ &
BT E 61 min, KA LEXEHIEHTIRMNIET
FRAE = TOUAG B P = T 7 92
3.3 HETFMHBIEH ANN BEFN S RO
X3 ANl st 6 ANAEK RS B A T SR AR
HOHERTE I K-NN SR M S8 2 S R8s Pk A
A B T = 0, ol vk SRR H P B T )
CV Al MARE (¥ 4),

*4 ETARSKEUBERITELE 3 NSNS BRI
Table 4 Comparison of yield forecast precision among different
methods of weather generation at 3 sites

. CV/% MARE/%
S TR ° ’
Sites Forecast method ¥ 52N WME R B B
Max Min Average Max Min Average
A I sRES 260 43 151 220 54 146
s
vk ) —f% K-NN 274 3.7 147 203 57 129
Yangling
i K-NN 266 45 11.7 168 4.7 9.9
FIETIESR 416 1.6 240 344 07 196
I
= — % K-NN 338 32 220 351 07 203
Heyang
Mo K-NN 517 18 238 395 02 198
BT RER 475 14 20.1 405 14 258
K — % K-NN 473 1.1 269 372 12 196
Changwu
i K-NN 363 1.2 233. 344 13 179

T SmAME ARG R B — BN S 2R .

Note: The minimum vale is related to the last simulation before harvest.

M6 NMEFHIRBEBREERKRE (R 4, dult)s

f) K-NN SRR B e 3 Aol i 442 B AN A e B
=51 CV IEME RN 11.7% 23.8%- 23.3%, MARE
FIBE ST N 9.9% 19.8%. 17.9%, BIIEAE ) s 40
Wi e S H bR AR — BUN A N R R IES 2 A
LA B B R AT PR T, A ORI R 7
A AR B i = s i 45 58, (H A & BH G BT RUR
B, ROZ 2 FEERCKPEE AL, CV A MARE
BORAE HBLAE 2011 4E3%)5 70 d, & FHZERRIERT 70 K
RITFEN 63.2 mm, AT [FII BOZHLIX 2 45 P 35 B T &
114.4 mm, BIHIZHEMRT, AT Tk )
oM. AN EE R AE R CV Al MARE s KE I
AINTHARB S, HE/MERKTHR S, XEEF NG
R X ZERFEERBONREE, AMENE EREF M

RAFFRKN 2/3 o4, Tlas 2R 1 i /ME HUS 2 ok
BT 10 d FIBERNZE SR, DU B RO A RKAT) Ak T HE A B 1
FEE ARG RO, AR K S AR K E R
gz0%, Fr UM A s RS FEAR T 55 40 2 A3l £
RT3 B s T 7 AL AS [R] B B S
MREIR S, KR 2011 FE44EFW 16 AN Btk
171 48 == T (I 3D, o b it (1) K-NN Tt
WAL (CV A MARE 35/ &5 13 N B, TR
— M K-NN SR SRS P2 L T8 F 430 17 SR 44 5 8 4K,
AR 3 7 EETRINSE B CV R KR B/ ME - YIME S
WA 47.5% 47.3%- 41.4%; 2.0%- 2.2%- 1.5%; 29.9%-
29.3%- 22.9%; MARE s KME f/ME BME S A:
40%- 35.7%- 34.4%; 2.4%-. 1.9%. 1.5%; 26.6%- 21.6%-
18.1%, BRIt J5 i) K-NN SykRe e X ffi 45 s 4%
R AT = TN AT AL, (2 — i K-NN K
HIARRE, 1X F BRI — A K-NN S 2 —Fh i
MlLas7 5k, AR ES BisEsEH 4 4
AR FEE BBV 4, (BRI RERMNEY
AR KR I R S e e S B B T AR S R (UK
B AEEWI G FELERIN . B0, R R AR E
FEATECEHEIR 1~2 d XHEMAKPI2m JLT-n] LZBE A
Th, HIEfP AR R — K BB RN
VEYD R B o B B AN A& BRI — R ) e il A B (K
T, TR B SR SRR 48— K-NN
FOEPGE AL HE A B B BRI R S B RS HED AR
K ryszma, ] ol FH JHG 0 47 47 1 A< S B0 Y = ==
W P AR A 22 s T AR 9 A FH et (1) K-NIN SRR AR AR i 48
7 d AR P BE TG AR, o B
PR TR B, ARZ 7 VLRI 854k 1 i <G F A A S
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Maizeyield forecast with DSSAT-CERES-Maize model driven by
historical meteor ological data of analogue years by clustering algorithm

Chen Shang™?, Dou Zihe'?, Jiang Tengcong™?, Li Hualong™?, Ma Haijiao™?,

Feng Hao**, Yu Qiang®, He Jiangiang®***

(1. Key Laboratory for Agricultural Soil and Water Engineering in Arid Area of Ministry of Education,
Northwest A&F University, Yangling 712100, China; 2. Institute of Water-Saving Agriculture in Arid Areas of China,
Northwest AandF University, Yangling 712100, China; 3. Institute of Water and Soil Conservation,
Chinese Academy of Science and Ministry of Water Resource,Yangling 712100, China)

Abstract: Crop growth simulation models can simulate the processes of crop growth, development, yield formation, and its
response to environment, which provides an effective method for crop yield forecast. However, how to select suitable weather
data for the forecast is still an open question. In this study, we established a method for maize yield forecast based on maize
growth simulation model of CERES-Maize and historical weather data from the year of 1956 to 2015. Two year’s
experimental data from 3 sites of Yangling (2014 and 2015), Heyang (2009 and 2011) and Changwu (2010 and 2011) in
Shaanxi Province were used to test the reliable and accuracy of the method established. The weather data needed for model
simulation were divided into 2 different groups including the known weather data and unknown weather data during the whole
growth season of spring maize. The known weather data were obtained from local weather stations, while unknown data were
supplemented with historical weather data of multiple years in the local experimental sites. Multiple complete climatic data
series were then created and used to run the CERES-Maize model to forecast maize yield for a given year. As the advancing of
maize growth season, the daily weather data were gradually merged into the observed weather data in a target year.
Consequently, the daily maize yield was forecasted from sowing day to harvest. In addition, in order to reduce the times of
model runs and reduce the uncertainties in yield forecasts, this study compared the daily meteorological data of historical and
target years with normal K nearest neighbor (K-NN) and a modified K-NN algorithm to select several historical analogue years
whose weather data were similar to the target year. The results showed that: 1) the model was suitable for the yield simulation
since the absolute relative error was smaller than 15%; 2) the data distribution of predicted yields began to converge and the
uncertainty decreased rapidly after the tasseling stage. For example, the predicted yield after 30, 60 and 90 days (the tasseling
stage) of sowing was 3 531-14 461, 3 413-14 828 and 961-13 210 kg/hm?, respectively. But, the yield was 49 33-10 826,
8 484-10 565 kg/hm’, respectively after 100 and 130 days of sowing. The coefficient of variation had a sudden fall around the
tasseling stage; 3) Yield forecast accuracy was generally lower than expectation for the method based on all historical data and
climatic analogue years selected with historical data. The model run cost 61 min for a yield prediction during a complete
growth stage of spring maize, indicting a necessary change in the prediction method optimization; 4) Among the 3 methods,
the modified K-NN method showed a higher prediction accuracy and shorter run time than the other methods. The coefficient
of variation was 11.7%-23.8% for the modified K-NN method, 15.1%-29.1% for the historical data, and 14.7%-26.9% for the
K-NN method, respectively. To complete the yield prediction of a growth stage of spring maize, the modified K-NN method
only took 14 min, which was shorter than the normal K-NN method. Thus, the modified K-NN method in this study had a big
potential for the yield prediction by the CERES-Maize model. The study provides an effective method for selecting
precipitation factor used for the yield prediction by crop models.

Keywords: clustering algorithms; weather forecasting; models; maize; yield forecasting; CERES-Maize; K-NN



