& agriculture m\py

Article
Effect of Heavy Rainfall Events on the Dry Matter
Yield Trend of Whole Crop Maize (Zea mays L.)

Moonju Kim 1, Befekadu Chemere ? and Kyungil Sung 3*

1 TInstitute of Animal Resources, Kangwon National University, Chuncheon 24341, Korea;

lunardevil@kangwon.ac.kr

College of Animal Life Sciences, Kangwon National University, Chuncheon 24341, Korea;
befekadu@kangwon.ac.kr

Department of Animal Industry Convergence, College of Animal Life Sciences,
Kangwon National University, Chuncheon 24341, Korea

*  Correspondence: kisung@kangwon.ac.kr; Tel.: +82-033-250-8635

check for
Received: 18 March 2019; Accepted: 9 April 2019; Published: 11 April 2019 updates

Abstract: The objective of this study was to detect the historical dry matter yield (DMY) trend
and to evaluate the effects of heavy rainfall events on the observed DMY trend of whole crop
maize (WCM, Zea mays L.) using time-series analysis in Suwon, Republic of Korea. The climatic
variables corresponding to the seeding to harvesting period, including the growing degree days,
mean temperature, etc., of WCM along with the DMY data (n = 543) during 1982-2011, were used in
the analysis. The DMY trend was detected using Autoregressive Integrated Moving Average with the
explanatory variables (ARIMAX) form of time-series trend analysis. The optimal DMY model was
found to be ARIMAX (1, 1, 1), indicating that the DMY trend follows the mean DMY of the preceding
one year and the residual of the preceding one year with an integration level of 1. Furthermore,
the SHGDD and SHHR were determined to be the main variables responsible for the observed
trend in the DMY of WCM. During heavy rainfall events, the DMY was found to be decreasing by
4745.27 kg/ha (p < 0.01). Our analysis also revealed that both the intensity and frequency of heavy
rainfall events have been increasing since 2005. The forecasted DMY indicates the potential decrease,
which is expected to be 11,607 kg/ha by 2045. This study provided us evidence for the correlation
between the DMY and heavy rainfall events that opens the way to provide solutions for challenges
that summer forage crops face in the Republic of Korea.

Keywords: whole crop maize; yield trend; climatic variable; heavy rainfall event; time series analysis

1. Introduction

According to the fifth Assessment Report of the Intergovernmental Panel on Climate Change [1],
the frequency of heavy precipitation events has been increasing in several regions across the world
since about 1950. Furthermore, IPCC [2] reported that damages to the agricultural sector caused
by heavy rainfall were more serious than damages due to a change in temperature. Agricultural
productivity in the Korean Peninsula is reported to have been suffering from climate-related factors,
such as heavy rainfall, flooding, and heat waves [3]. Various studies have been carried out to establish
the relationship between crop yield and climatic trends. Dixon et al. [4] used a time-series approach to
explain how each growth stage of maize (Zea mays L.) was impacted by climate change.

The availability of extensive climate data from the portal of the Korean weather information
system led several researchers to predict the yield of forage crops in the country. Peng [5] developed
a dry matter yield (DMY) prediction model of whole crop maize (WCM) using multiple regression
analysis. Kim et al. [6,7] detected the casual relationship between climatic factors (growing days,
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temperature, and precipitation) and the yield of Italian ryegrass and whole crop barley in a natural
eco-system. The predicted yield of Italian ryegrass was shown by mapping the grid layers of climatic
variables on the main cultivated locations by using a geographic information system [8]. The effect
of summer depression on the yield of a pasture-based forage production system has also been the
area of focus in relation to trends [9]. Chemere et al. [10,11] detected the effect of climatic factors
on the DMY trend of WCM and a sorghum-sudangrass hybrid using time-series analysis. Despite
several climate-based models having been generated to estimate the yield of forage crops, the effect
of weather events on yield trend and the extent of fluctuation in the yield of forage crops have often
been overlooked.

Most time-series analyses of yield patterns are described in terms of two basic classes of components:
trend and seasonality. The trend represents a general systematic linear or nonlinear component that
changes over time and does not repeat or at least does not repeat within a given time range. Whilst
seasonality may have a similar nature, it repeats itself in systematic intervals over time. These two
classes of time-series components may coexist in any yield data, especially those produced in regions
where there is high climatic variability [12]. In agricultural science, the production of maize and
cultivated areas were forecasted for the year 2020 by using a time-series model [13]. The monthly
trend of the price of maize was also studied in a pure first-differences fashion, and behavior of the
price was identified with the various factors in future markets and/or speculation [14]. The ARIMA
with explanatory variables (ARIMAX) form of time-series analysis, which is capable of estimating
the effect of independent variables, has been used to detect the DMY trend of WCM with climatic
variables [10]. This means that through ARIMAX, the effect of climatic variables on the trend of DMY
can be estimated through fitting a regression equation to the trend. The ARIMA model can only rely
on the data of the past observation to forecast the future possible scenario. Summer season climatic
patterns, especially extreme drought events and precipitation patterns, have become a concern for
agricultural production [15,16]. Even though the amount of rainfall is important to the growth and
development of crops, excess rainfall along with the timing poses a problem for the desired yield of
forage crops. From the beginning of July to the end of September, the Korean peninsula experiences a
monsoon season, bringing heavy rainfall to many parts of the country [17]. This event is accompanied
by floods, which are the most destructive natural hazards.

For these reasons, projections of potential future yields need to consider the weather events during
the summer monsoon season like heavy rainfall. Therefore, the present study was initiated to detect
the DMY trend of WCM with the effect of heavy rainfall events and forecast the DMY using time-series
analysis in the Republic of Korea.

2. Materials and Methods

2.1. Data and Variables

The climate data was collected from the weather information system of the Korean Meteorological
Administration via open-API (application programming interface), which contains daily temperature,
rainfall amount, and sunshine duration. The WCM raw data (n = 543) was collected from research
reports of new varieties of forage crops produced by Rural Development Administration during
1982-2011 in Suwon (latitude: 37° 15" N, longitude: 127° 04’ E), with the middle region of the Republic
of Korea as meta-data. The data consisted of cultivar, DMY, plant height, cultivated location, and
seeding-harvesting dates. The cultivars included were DK501, Garst8285, and Kwanganok. The soil in
Suwon has a loam texture which is good enough for growing WCM and also has an effective depth of
50-100 cm and gravel content of less than 0.01%.

The climate data and the WCM data in Suwon were merged to generate the dataset by referring to
the seeding-harvesting dates. The climatic variables generated related to the growth and development
of WCM were: growing days (GD, day), seeding-harvesting accumulated growing degree days
(SHGDD), seeding-harvesting mean of temperature (SHMT, °C), seeding-harvesting rainfall amount
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(SHRA, mm), seeding-harvesting rainfall days (SHRD, day), and seeding-harvesting sunshine duration
(SHSD, hr). The rainfall amount over 7.6 mm per hour was regarded as heavy rainfall [18]. The
frequency and intensity of the rainfall were determined in accordance with the definition of rainfall
described by Lee et al. [19]. Therefore, two types of rainfall characteristics were considered: the
heavy rainfall events during the growing period from seeding to harvesting on a daily basis. The
seeding-harvesting period heavy rainfall (SHHR) was set as a dummy variable (1: heavy rainfall, O:
normal rainfall) based on SHRA, in which case over 1000 mm of rainfall was considered to be heavy.
According to Lee et al. [19], heavy rainfall with ten-day intervals in July was recorded over 1000 mm
during 1980-1990. Based on the daily rainfall amount, daily heavy rainfall was also calculated to check
the frequency and intensity (1: heavy rainfall over 7.6 mm per hour, 0: normal rainfall). This was
used to detect the yearly change in the rainfall pattern. Furthermore, heavy rainfall on an hourly basis
was categorized into four categories (7.6-10.0 mm/hr, 10.0-15.0 mm/hr, 15.0-20.0 mm/hr, and over
20.0 mm/hr).

2.2. Data Processing and Analysis Method

In the initial step, a correlation analysis was carried out to identify the effective climatic variables,
along with a multicollinearity analysis of climatic variables using a variance inflation factor (VIF).
Then, comparisons of DMY with rainfall events were performed via a t-test and a significance level of
under 5 % was considered. Finally, the ARIMA model with an independent variable (ARIMAX) was
performed to detect the DMY trend along with climatic variables that consisted of quantitative and
dummy variables. The ARIMAX was used according to the following equation:

Y = ¢1Yt—l+"'+¢pyt—p+5t+61€t—l+"'+Gqft—q+ﬁ1Xt+"'+ﬁrXt+V1Zt+"'+VsZt+V 1)

where, Y; is DMY at year £; Yt_p is DMY at year lag p; ¢ is the coefficient of time lags; & is the white
noise; 4 is the residual lag in moving average part; X (GD, SHGDD, SHMT, SHRA, SHRD, SHSD) and Z
(SHHR) are quantitative and dummy (1: heavy rainfall, 0: normal) explanatory variables, respectively;
r is the number of selected variables (< 6); s is the number of dummy variables (= 1); and v is constant.
For the last two terms (ysZ; + v), heavy rainfall (Z; = 1) and normal (Z; = 0) events, estimated to
be y + v and v, respectively, indicate the difference in the DMY between heavy and normal rainfall
events in the model. Autocorrelation and partial autocorrelation functions were used to estimate the
parameters of ARIMA. To select the optimal model, the coefficient of determination (R?), root mean
square error (RMSE), and mean absolute error (MAE) were calculated. Furthermore, the hypotheses
for independence and stationarity were tested using the Ljung-Box Qtest, autocorrelation function
(ACF), partial autocorrelation function (PACF) and residual normality diagnosis.

The correlation and regression analyses were performed using SPSS 24.0 (IBM Corp. New York,
NY, USA), and time-series modeling and forecasting were performed using PROC ARIMA, SAS 9.4.

3. Results

3.1. Effective Climatic Variable Selection Influencing the Dry Matter Yield of Whole Crop Maize

For detecting the DMY trend, the mean and standard error were calculated as indicated in
Table Al. The mean minimum and maximum DMY (kg/ha) were 12,340.15 and 19,460.27, respectively.
Asindicated in Table 1, GD has a significant correlation with all climatic variables except for SHRA. This
indicates the presence of some sort of dependency between the climatic variables and GD. Furthermore,
the SHGDD and SHMT (r = 0.39**), SHGDD and SHSD (r = 0.38**), and SHRA and SHRD (r = 0.37*%)
were shown to be correlated, which led us to suspect the problem of multicollinearity. The maximum
and minimum rainfall amount (mm) was 1344.40 and 380.30, respectively. The median was 663.00 mm,
which was close to the mean (695.91 mm).
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Table 1. Correlation coefficients between climatic variables under the 5% significance level.

Variables GD SHGDD SHMT SHRA SHRD SHSD

GD 1 0.38* -0.67 * 0.11* 0.48 * 0.42*
SHGDD 1 0.39* 0.12% 0.23* 0.38*
SHMT 1 -0.04 -0.34* -0.11*
SHRA 1 0.37* -0.19 *
SHRD 1 -0.14*
SHSD 1

GD: growing days, SHGDD: seeding-harvesting growing degree days, SHMT: seeding-harvesting mean temperature,
SHRA: seeding-harvesting rainfall amount, SHRD: seeding-harvesting rainfall days, SHSD: seeding-harvesting
sunshine duration, * p < 0.05.

Based on an analysis of regression, SHGDD, SHRA, and SHRD were selected as potential climatic
variables responsible for the DMY of WCM. These climatic variables were selected based on the
principle of multicollinearity diagnosis, as well as considering the significance level of under 5%
(Table 2). Due to the difference in magnitude and strong correlation between SHRF (—3.48) and SHRD
(68.33) (p < 0.01), we decided to consider the effect of SHRA on the DMY.

Table 2. The result of regression analysis to identify the effects of climatic variables on the dry matter
yield of whole crop maize.

Parameters Coefficient SE p-Value VIF
Intercept 149.84 2104.82 0.94
SHGDD 11.28 1.56 <0.01 1.06
SHRA -3.48 0.75 <0.01 1.16
SHRD 68.33 21.50 <0.01 1.20

SHGDD: seeding-harvesting growing degree days, SHPA: seeding-harvesting rainfall amount, SHRD:
seeding-harvesting rainfall days, SE: standard error, VIF: variance inflation factor.

Therefore, the climatic variables SHGDD and SHRA were used in time-series modeling of the
DMY trend. The trends between the DMY, SHGDD, and SHRA are shown in Figure 1. Due to the
difference in values among the variables, the values were subjected to standardization with a mean
value of zero. Before 2000, no similarity was observed between the DMY and climatic variables.
Meanwhile, a relatively similar trend was observed from 2000. For example, lower DMY was observed
in 2003, 2006, and 2011 due to low SHGDD and high SHRA, whereas in 2008, there was a case of
low SHRA.

—e—Dry matter yield -=—Seeding-harvesting growing degree days ——Seeding-harvesting rainfall amount

o 1985 1990 1995 2000 2005 2010

Figure 1. Line plot of a trend for standardized variables from 1982 to the 2011 year in Suwon.

In this study, the SHHR was considered as a more important weather event than SHRA. The
DMY comparison of heavy rainfall and normal rainfall events indicated a significant difference, with a
decrease in the DMY of 4745.27 kg/ha (Table 3), which means the rainfall events that deviate from the
optimal required amount for growth and development could diminish the benefit of water requirement
for the yield of forage crops.
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Table 3. Comparison of dry matter yield between heavy (based on over 1000 mm rainfall amount) and

normal (else) rainfall.

Groups
Heavy Rainfall # =19) Normal Rainfall (n = 524)
11,702.21 + 242.88 16,447.48 + 121.30

t-Statistic

Variable

Dry matter yield (kg/ha) -11.07 (p < 0.01)

3.2. The Trend of Dry Matter Yield of Whole Crop Maize Considering the Climatic Variable

As preceded in Table 4, potential candidate ARIMA models such as ARIMA (0, 0, 1), ARIMA (1, 1,
1), and ARIMA (2, 2, 1), were compared. Accordingly, ARIMA (1, 1, 1) was selected based on model
selection criterions and the chi-square probability test.

ARIMA (1, 1, 1) was found to be the optimal model that describes the actual DMY trend. The
effects of climatic variables on the DMY trend of ARIMA (1, 1, 1) are displayed in Table 5. In Model 1,
the DMY trend was considered without climatic variables. In model 2, SHGDD and SHRA were shown
to have no significant effect (p > 0.05), whereas in model 3, SHGDD was found to have a significant
effect (p < 0.05) on the DMY trend. This is due to the fact that the SHHR was used instead of SHRA,
which was changed from a quantitative to dummy scale. The SHHR tended to be significant (p = 0.08),
which indicates the influence of heavy rainfall events on the DMY trend of WCM compared with
SHRA. In addition to the climatic variables, model fitness (R?) was improved.

Table 4. Correlation of model between AR (0 to 3) and MA (0 to 2) as a difference (0 to 2) under the 5%

significance level.

Difference =0 Difference =1 Difference =2

Lags

MAO MA1 MA2 MAO MA1 MA2 MAO MA1 MA?2

AR O 0.041 0.091 0.011 0.031 0.19*  0.02! 0.011 044*  0.011

AR 1 0.14 * 0.021 0.011 0.26* 0.131 0.011 0.50 * 0.35* 0.021

AR 2 0.031 001!  <001! 0051 0061 <001! 001* 0.111 0.011

AR 3 001!  <001! <001! 011! 003!  <001! 013*% 009! <0011
1p>0.05,*p < 0.05.

Table 5. The result of ARIMA (1, 1, 1) (model 1), ARIMAX (1, 1, 1) with climatic variables (model 2),
and focusing on heavy rainfall (model 3) for dry matter yield trend.

Model Parameters Estimate R? RMSE MAE Ljung-Box Q
Intercept -7.89 (p=0.12) 20.79
1 AR Lagl 0.99 (p <0.01) 0.31 2021.94 1551.08 = '0.19)
MA Lagl 0.77 (p < 0.01)
Intercept 241.66 (p = 0.37)
AR Lagl 1.00 (p < 0.01) 15.99
2 MA lLagl 077 (p <0.01) 042 2194.72 1605.75 (p = 0.45)
SHGDD -023 (p=0.21)
SHRA 0.08 (p = 0.47)
Intercept 510.46 (p < 0.05)
AR Lagl 1.01 (p < 0.01) 12.63
3 MA Lagl 0.76 (p <0.01) 0.58 2063.86 1417.47 (p = 0.70)
SHGDD —-0.38 (p < 0.05)
SHHR (=1) —385.68 (p = 0.08)

SHGDD: seeding-harvesting growing degree days, SHRA: seeding-harvesting rainfall amount, SHHR:
seeding-harvesting heavy rainfall, RMSE: root mean square error, MAE: mean absolute error.

As indicated in model 3, the mean DMY of the preceding one year (AR1) and the residual of
the preceding one year (MA1) had a significant effect (p < 0.05) on the model detected. Similarly;,
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the climatic variables (SHGDD and SHHR) were shown to have a significant effect (p < 0.05) on the
observed DMY trend of whole crop maize. Thus, the ARIMAX model indicated in model 3 can be
described as

DMY;(d = 1) (kg/ha) = 510.46 + 1.01DMY;_1 + 0.76¢;_1 — 0.38SHGDD; — 385.68SHHR;

The model satisfied the assumption of independence and non-stationarity, as indicated by the
Ljung-Box Q test (p > 0.05). Furthermore, the fitness of the model for independency and normality is
shown in Figure 2 using residual diagnosis of the correlogram of ACF (a) and PACF (b). The normality
diagnosis also indicated that the model detected had a normal distribution (Figure 2c). The normal
probability plot indicated in Figure 2d also shows that the residuals are distributed along the linear line.

0.0 II l II - 0.0 II.I'I —I I-.'.I bt

Correlation coefficient
Correlation coefficient

(3 - (b)

Normal
Kernel 5000 o

2500 508°°
30 s
uoww
B

Residual

-2500

-8000 -4000 o 4000 8000 -2 -1 ] 1 2
Residual Quantile

() (d)

Figure 2. Residual plots to check the independency and normality in ARIMAX (1, 1, 1) contain growing
degree days and heavy rainfall: (a) Autocorrelation function; (b) partial autocorrelation function; (c)
normality diagnosis; (d) normal Q-Q plot.

The relationship between observed vs. predicted DMY considering the event is shown in Figure 3.
Regardless of the event, leverage points were located on the bottom-right side, which indicates that
the observed DMY was higher than the predicted DMY. Both observed and predicted observations
of heavy rainfall events indicated lower DMY. The fitness of the heavy rainfall event (R? = 0.79) was
greater than that of the normal rainfall event (R? = 0.54).
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Normal rainfall (0): R2=0.54
Heavy rainfall (X): R?=0.79

Predicted dry matter yield (kg/ha)

nnnnn

Observed dry matter yield (kg/ha) )

Figure 3. Scatter plot of dry matter yield between observed and predicted in ARIMAX (1, 1, 1) model
focusing on heavy rainfall events: normal (blue colored O, solid line), heavy rainfall (red colored X,
dashed line).

3.3. Forecasting the Dry Matter Yield of Whole Crop Maize

Based on the DMY trend detected along with the heavy rainfall events of ARIMAX (1, 1, 1),
we estimated the forecasted DMY of WCM with asterisks marked in red until the year 2045. As
indicated in Figure 4, the actual DMY was expected to show a decreasing trend, presented by circles
marked in blue (1982-2011). The DMY (kg/ha) in 2015, 2025, 2035, and 2045 was forecasted to be
14,618.29 + 2109.37, 13,537.97 + 2109.38, 12,465.59 + 2109.38, and 11,607.68 + 2109.38 with a 95 %
confidence interval, respectively.

20000

15000

Dry matteryield (kg/ha)

10000

1980 2000 2020 2040
Year

Figure 4. The forecasting of dry matter yield for whole crop maize via ARIAMX (1, 1, 1) considering
the heavy rainfall events with a 95% confidence interval in Suwon (2012-2045).

In addition to detecting the DMY trend and effect of climatic variables, the frequency and intensity
of heavy rainfall events were also calculated based on the daily rainfall amount in July (Figure 5).
The frequency of heavy rainfall events has been increasing since 2005. In particular, the frequency

of extreme heavy rainfall events (over 20.0 mm/hr) was remarkably increased and the rainy period
became short.
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7.6-10.0mm/hr 10.0-15.0mm/hr = 15.0-20.0mm/hr

= Over 20.0mm/hr ——Dry matter yield
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20000
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15000
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10000
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5000
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1522 1983 1984 1985 1586 1988 1925 1950 1991 1992 1594 1995 1996 1998 1959 2000 2001 2002 2003 2004 2005 2006 2007 2008 20 10 2011
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Figure 5. Frequency and intensity of the heavy rainfall events with dry matter yield trend of whole
crop maize in Suwon (1982-2011).

4. Discussion

The climatic variables SHGDD and SHRA were selected on the basis of their impact on the growth
and development of the DMY of WCM using correlation and regression analyses in Suwon, the middle
region of the Republic of Korea. The GDD has been known to influence the yield of summer crops [20].
In the Republic of Korea, Peng et al. [21] and Chemere et al. [10] reported the effect of GDD, rainfall
amount, and sunshine duration on the DMY of WCM. In Figure 1, the impact of climate on yield was
ambiguous before 2005, while the relationship between yield and climates was somewhat noticeable
after 2005. Climate has been reported to be important for the yield of grain in maize production [22].
Among the candidate models, the optimal DMY trend detected by ARIMAX (1, 1, 1) indicated that
the present DMY follows the DMY of the previous one year, with one difference, and the residuals of
the previous one year for the non-stationary data in Suwon. The model fitted the data well for the
independency and normality (Figure 2). For the negative effect of SHRA in model 2, the mean SHRA
(mm) ranged from 419.06 to 1325.18 (Table Al in Appendix A), which contains heavy rainfall events of
the summer monsoon season. The cultivation of maize usually takes place during summer, when the
monsoon season prevails that brings damage to crop production. According to Verheye [23], 80-100%
of the expected yield was due to the rainfall amount ranging from 650 to 900 mm. Thus, the heavy
rainfall event during the Korean monsoon season leads to a decrease of DMY. The DMY decreased by
4745.27 kg/ha for heavy rainfall events compared to normal rainfall events. The model fitness based
on heavy rainfall events was greater than that of normal rainfall events, indicating that prediction by
heavy rainfall events was more accurate (Figure 3). We thought that the effect of heavy rainfall events
led to crucial damage to the DMY aspects of not only growth and development, but also survival.
This is because if there was no heavy rainfall event, the effects of other factors were mixed, whereas if
the event occurred, the proportion of the effect of heavy rainfall event would become high on DMY,
relatively. The occurrence of heavy rainfall would result in rainwater being lost through runoff [24]
and result in soil erosion [2] that would cause the subsequent year’s yield to be affected. As most of the
rainfall events happen in the monsoon season, the event is also accompanied by strong winds [25]. The
strong association between heavy rainfall and wind speed has been reported [26]. The daily maximum
rainfall amount and maximum wind speed during 2006, 2008, 2009, and 2011 were 0.16 (p > 0.05), 0.49
(p <0.05), 0.51 (p < 0.05), and 0.74 (p < 0.01), indicating a correlation between the two factors that may
affect the yield forage crops due to lodging.

The DMY in Suwon was forecasted for the period 2012-2045 (Figure 3). According to the report of
the Ministry of Agriculture, Food and Rural Affairs of the Republic of Korea [27], the DMY of WCM in
2015 in Suwon was reported to be 19,531.04 kg/ha, which was relatively similar to the upper confidence
limit of the forecasted DMY in the current study. In July of 2015, the heavy rainfall event recorded
was four times higher and the total rainfall amount was 465.7 mm. Therefore, the main reason for the
slightly higher actual DMY was due to less damage by heavy rainfall. The frequency was remarkably
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increasing after 2005, which made the impact of rainfall strong and led to the decreasing DMY trend.
According to IPCC [1], extreme precipitation events over most of the mid-latitude land masses will
very likely become more intense and more frequent. Increasing intra-seasonal precipitation variability
affects the crop yield and the excessive precipitation amount could also negatively influence the yield
of summer crops [3,28]. This scenario is also widely observed in Korea as 81.7 % of annual rainfall in
the summer monsoon occurs in July [29]. The current study also reflects the impact of monsoon season
heavy rainfall events that show a decreasing trend in the forecasted DMY of WCM.

5. Conclusions

This study detected the DMY trend, as well as the effect of climatic variables, especially the effect
of heavy rainfall events associated with the DMY trend of WCM in Suwon, South Korea. The DMY was
found to be determined by heavy rainfall events during the growing season. As a result, a potential
decrease in the DMY due to a negative impact of heavy rainfall events is expected. The timing and
duration of heavy rainfall events warrant further investigation for better characterization of the DMY
of WCM and its association with the rainfall events in the Republic of Korea.
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Appendix A

Table A1l. Descriptive Statistic of Variables of the Mean and Standard Error as a Year in Suwon for
Whole Crop Maize.

Year DMY (kg/ha) GD (day) SHGDD SHMT (°C)  SHRA (mm) SHRD (days)  SHSD (hr)

1982 17,827.50 +713.29  125.00 + 0.00 1481.20 + 0.00 21.62 + 0.00 696.00 + 0.00 51.00 + 0.00 812.50 + 0.00
1983 17,900.00 + 524.09  120.00 + 0.00 1410.85 + 0.00 21.50 £ 0.00 481.70 £ 0.00 49.00 + 0.00 790.50 + 0.00
1984 18,622.44 + 550.02  123.78 + 0.70 1578.71 £ 5.17 22.57 +£0.13 819.11 £49.37  58.00 + 0.00 792.80 + 11.07
1985 18,754.00 + 1926.00  123.00 + 0.00 1499.15 + 0.00 22.06 + 0.00 789.30 + 0.00 55.00 + 0.00 754.70 + 0.00
1986 17,593.33 + 1428.39  119.00 + 0.00 1249.90 + 0.00 19.97 £ 0.00 657.70 £ 0.00 63.00 + 0.00 725.50 + 0.00
1988 16,338.68 + 326.23  121.80 + 0.24 1408.27 + 2.57 21.07 £ 0.04 563.06 + 14.27  46.25+1.15 932.31 + 23.85
1989 17,718.04 + 512.87  119.39 + 0.66 1316.37 + 7.86 20.67 £ 0.02 47413 £ 1.59 4590 + 0.35 931.49 +9.35
1990 16,294.27 +252.55  122.67 + 0.83 1350.57 + 3.90 20.60 £ 0.12 947.20 + 22.60 66.33 £2.17 725.73 £ 27.90
1991 16260.26 + 0.00 111.21 + 0.00 1379.03 + 0.00 22.51 +0.00 446.15 £+ 0.00 45.63 + 0.00 762.54 + 0.00
1993 19,323.00 + 637.74  124.50 + 08.3 1324.53 + 5.42 20.05 + 0.04 74420 + 3457  60.50 + 0.83 690.55 + 2.58
1994 12,32491 £748.09 10043 £245 141549 + 26.93 2492 £0.21 554.06 + 23.55 3491 +£1.32 705.21 + 21.55
1995 13,474.95 + 526,53  109.73 £2.70  1338.56 + 17.78 22.22 +£0.31 872.43 +77.36 45.05 + 0.75 706.39 + 34.93
1996 14,599.96 + 541.06  107.25+2.46  1366.79 + 17.88 22.70 +0.18 477.15 £ 12.41 41.57 +1.40 667.26 +2 3.84
1998 17,107.50 £ 964.48  116.75+2.74  1387.65 + 22.43 21.42 £0.10 880.28 + 19.84 61.00 £ 1.05 589.60 + 2.68
1999 17,832.75 + 416.91 11127 +1.09  1318.39 +12.20 21.64 + 0.08 681.70 + 15.39 40.44 + 0.44 742.14 +12.94
2000 16,630.57 + 396.85  113.10 +£0.93  1315.52 + 12.45 21.37 £ 0.18 530.94 +12.72 47.61 +£0.53 682.82 + 8.61
2001 16,870.22 £ 426.36  120.39 £ 0.60 1451.77 + 3.60 21.73 £ 0.06 649.14 £ 1457  51.03 £ 0.43 1065.38 + 55.50
2002 16,800.49 + 275.72  123.38 + 0.50 1360.22 + 7.16 20.64 + 0.07 896.13 + 3.00 46.68 + 0.87 899.92 + 33.90
2003 14,034.75 + 864.08  120.50 + 0.23 1309.52 + 6.20 20.41 + 0.07 911.89 + 11.82 57.08 + 0.48 603.06 + 2.88
2004 16,436.64 + 488.97  120.51 + 0.36 1368.06 + 9.48 21.19 £ 0.10 740.48 + 15.36 52.28 £ 0.65 709.07 + 6.75
2005 16,477.38 +437.37  116.25 +0.27 1399.43 + 6.55 21.73 £ 0.07 672.42 + 6.48 48.49 +0.38 727.06 +1.53
2006 13,902.40 + 260.68  113.84 + 0.53 1268.41 + 8.28 20.78 +0.12 923.30 + 0.04 51.82 +0.16 647.09 + 3.32
2007 14,004.88 £ 410.07  114.23 £ 0.64 1276.63 + 8.95 20.81 £ 0.03 691.68 + 8.33 52.05 £ 0.55 612.36 + 5.49
2008 18,909.55 + 456.20  114.95 + 0.54 1330.74 + 7.35 21.39 + 0.04 484.57 + 4.85 45.86 + 0.65 661.10 + 6.45
2009 17,609.38 + 427.41 124.04 + 0.41 1406.91 + 6.82 20.96 + 0.07 798.69 + 11.46 55.84 +0.24 724.46 + 5.20
2010 14,624.59 £ 418.84  104.09 £ 0.37 1368.70+ 4.63 23.11 £ 0.05 633.75 +4.73 47.16 £0.23 576.58 £ 2.97
2011 12,596.15+307.86  108.92+0.57  1298.02 + 11.75 21.57 +0.06 1175.99 + 0.06 54.92 +0.12 530.35 £ 0.71

DMY: dry matter yield, GD: growing days, SHGDD: seeding-harvesting growing degree days, SHMT:
seeding-harvesting mean temperature, SHRA: seeding-harvesting rainfall amount, SHRD: seeding-harvesting
rainfall days, SHSD: seeding-harvesting sunshine duration.
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