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Abstract: We screened for the highest performance model among several winter wheat yield predicting models. The selected model
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was weighted and integrated in order to improve the accuracy of prediction, as it plays a key role in ensuring food security. Daily
meteorological observations, winter wheat yield data, and growth period observations were obtained from 69 basic meteorological
stations in Jiangsu Province from 1993 to 2018. Then, five methods of meteorological yield and trend yield separation (linear
separation, percentage difference, 5- or 3-year sliding average, and quadratic curve) were compared. On this base, by using the fitting
test and hind-casting test, we evaluated and analyzed the simulation effects of yield prediction methods based on similar years with
bumper or poor harvest, key meteorological factors and climate suitability, and integrated the methods for Jiangsu winter wheat yield
prediction. The results revealed the following: 1) For the same yield prediction method, the yield separation methods had a greater
effect on prediction accuracy. The quadratic curve method was the best among the linear separation, percentage difference, 5- or
3-year sliding average and quadratic curve methods. The prediction accuracy of the weighting method was higher than the large
probability method in the similar years with bumper or poor harvest prediction method. From 1993 to 2013, the average accuracy of
the methods of the similar years with bumper or poor harvest prediction, key meteorological factor, and climate suitability were
89.67%, 94.86%, and 94.96%, respectively. 2) The accuracy of the integrated prediction method was more than 96.33% in the past 5
years, and it was higher than that of the similar years with bumper or poor harvest-weighting model, key factor-quadratic curve
model and climate suitability-quadratic curve model. This could probably overcome the less stability of prediction accuracy of a
single prediction method. 3) The closer the predicted time to the maturity period and the more comprehensive the prediction factor
information, the higher the accuracy of the prediction model. These results provide a scientific basis for selecting an optimized
prediction model for winter wheat yield in Jiangsu, and the methodology of model screening can also be used in other provinces.

Keywords: Winter wheat; Yield prediction; The method of similar years with bumper or poor harvest; The method of key
meteorological factors; The method of climate suitability; Separation method of meteorological yield and trend yield; Integra-
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Fig. 1 Winter wheat yield simulated by 12 yield prediction models and actual yield in Jiangsu Province from 1993 to 2013
(a: starting time is April 10; b: starting time is May 10)
GY GB-W GB-A KMF CS
L D M5 M3 Q 5 3

GY is the actual grain yield per unit area. GB-W and GB-A are bumper or poor harvest methods of weighting and ap-

proximate ratio. KMF and CS are yield prediction methods based on key meteorological factors and climate suitability. L, D, M5, M3 and Q are yield
separation methods of linear separation, percentage difference, 5-year sliding average, 3-year sliding average separation, and quadratic curve.

http://www.ecoagri.ac.cn



443

2b
10 5 10

36.9%),
47.62%~66.67%(

75.24%),

96

92+

90

RRliIES

Average accuracy (%)

88

PRI %
Average accuracy of yield increase and decrease (%)

0
G

5 10 12
93.98% 94.09%,

>

, 1993—2013
28.57%~42.86%(

5

59.52%),
57.14%~85.71%(

m4J]1

12
4 5

62.3%

[21]

12

0 H &4k @ 5J110H &4

Starting time: April 10 Starting time: May 10

B-W GB-A KMF-L KMF-DKMF-M5KMF-M3 KMF-Q CS-L  CS-D CS-M5 CS-M3  CS-

TARAR Y Prediction model

12

L1

Q

2 1993—2013 SFiIHE LN E 12 FA~FRE B [ L LS T EDER R ()R 8 18R E R (b)
Fig. 2 Average accuracy of yield fitting (a) and average accuracy of yield increase and decrease (b)
calculated by 12 yield prediction models in Jiangsu Province from 1993 to 2013
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GB-W and GB-A are bumper or poor harvest methods of weighting and approximate ratio. KMF and CS are yield prediction methods based on key

meteorological factors and climate suitability. L, D, M5, M3 and Q are yield separation methods of linear separation, percentage difference, 5-year
sliding average, 3-year sliding average separation, and quadratic curve.
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Fig. 3 Taylor diagrams for wheat yield between the observations and simulation by 12 yield prediction models
in Jiangsu Province from 1993 to 2013
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GY is the actual grain yield per unit area. GB-W and GB-A are bumper or poor harvest methods of weighting and approximate ratio.

KMF and CS are yield prediction methods based on key meteorological factors and climate suitability. L, D, M5, M3 and Q are yield separation methods of
linear separation, percentage difference, 5-year sliding average, 3-year sliding average separation, and quadratic curve.
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Table 1 Winter wheat yield simulated by optimal yield forecasting models and multiple model integration for different forecast
starting time and actual yield in Jiangsu Province from 2014 to 2018

GB-W KMF-Q CS-Q . .
Integration of optimal model

(- ) Actual

Staring time ~ Year yield . . . . . . . .
(month-day) (kg-hm™) Predicted yield Accuracy Predicted yield Accuracy Predicted yield Accuracy Predicted yield Accuracy

(kghm™) (%) (kghm™) (%) (kg'hm™) (%) (kghm™) (%)
04-10 2014 5162 5436 94.67 5026 97.38 5108 98.97 5149 99.75
2015 5181 5301 97.68 5157 99.54 5037 97.22 5176 99.91
2016 5112 5359 95.17 4843 94.73 5308 96.16 5230 97.70
2017 5369 5237 97.55 5067 94.38 5151 95.95 5177 96.42
2018 5363 5347 99.73 5037 93.94 5338 99.55 5282 98.50
Average 96.96 95.99 97.57 98.46
05-10 2014 5162 5316 97.01 4974 96.36 5150 99.78 5165 99.94
2015 5181 4971 95.95 5092 98.30 5151 99.43 5097 98.39
2016 5112 5359 95.17 4841 94.70 5220 97.89 5186 98.56
2017 5369 5237 97.54 5002 93.17 5178 96.44 5172 96.33
2018 5363 5527 96.91 5048 94.14 5261 98.12 5298 98.80
Average 96.52 95.33 98.33 98.41
GB-W KMF CS Q

GB-W is bumper or poor harvest methods of weighting. KMF and CS are yield prediction methods based on key meteorological factors and climate
suitability. Q is yield separation method of quadratic curve.
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