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Abstract

In this paper, the climate change in Haiyan County in recent decades was analyzed in detail
with the methods of moving average, Mann-Kendall non-parametric mutation test and wavelet
analysis. According to the variation trend of meteorological factors such as temperature,
relative humidity, wind speed, pan evaporation and precipitation in recent decades, the climate
of Haiyan County has a tendency of drought, which is becoming more and more serious. From
the results of the analysis, the sunshine hours and the air temperature in Haiyan County have
an obvious upward trend. The average surface temperature has increased by 2.75 °C from
1976, and its largest increase occurred in the late 1970s and 1980s. At this stage, the average
surface temperature increased by 1.37 °C. The relative humidity has a decreasing trend that
has decreased by 2.75%. From 1976 to the present, there are two quasi-3a cycles and one
guasi-6a cycle. The precipitation and evaporation showed the opposite change trend, in which
the trend of precipitation fluctuated upward, while the trend of evaporation showed a
fluctuating downward tendency, which led to the serious loss of water in the feeding area. The
wind direction in Haiyan County are mainly from west to east, and its wind speed has a trend
of slight increase.
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1. General situation of study area

Haiyan County is located in the northeast of Qinghai Lake Basin at 100°23' -101 °20' east
longitude, 36 °44' - 37 °39 ' north latitude, with a total area of 4853.08 square kilometers. It
belongs to alpine geomorphology, of which the mountainous area is 45%, the beach is 40%,
the low hill is 10%, and the Huangshui valley is 5% [1]. The climate of Haiyan County is
plateau sub-arid climate, with arid and windy spring, cool summer, short autumn, and long
winter. Without an absolute frost period, Haiyan County has an annual average temperature of
about 1.5 °C, an annual sunshine time of about 2980 hours, an annual precipitation of about
400mm, and an annual evaporation of about 1581.75 mm [2]. Hail, frost, drought, wind and
sand disasters in this place are frequent. The study area of this paper is the desertified land at
the border of Haiyan County and Qinghai Lake [3].

2. Research methods and data sources

The methods of moving average, Mann-Kendall non-parametric mutation test and wavelet
analysis were used to analyze the evolution law and the trend of climate factors in the 40 years,
including average annual temperature, average annual relative humidity, average annual wind
speed, average annual precipitation and average annual surface temperature. For each
correlation analysis, a P value was calculated and provided to indicate the whether the trend
observed for the climatic trend was significant. In this study, P<0.05 (95% confidence level) is
considered significant [4]. The data in this study were retrieved from China Meteorological
Data Network [5].

2.1 Moving average analysis

The moving average analysis is one of the basic curve fitting methods, equivalent to a
low-pass filter [6] [7]. The smoothed curves of the time series can be used to observe the
variation trends. For a series ‘X’ with the sample size ‘n’, the moving average formula can be
expressed as:

%= ézlexm_l(j:l,z, « + o, n-k+1)
In the formula, k is the moving length, which is decided based on the specific problem and the
sample size. n-k+1 smoothed values can be obtained with n samples. After the moving average
analysis, the periods shorter than the moving length are greatly weakened [8]. As a result, the
trends are better indicated through the smoothed curves from the time series.
2.2 Mann-Kendall non-parametric mutation test
The advantage of Mann-Kendall non-parametric mutation test is that it can be applied to

samples that do not follow a pattern of distribution, while negating the impacts of irregular
data [9] [10]. For a time series ‘x” with a sample size ‘n’, the formula can be expressed as:

Sk = Z§C=1'ri(k=2,3, N
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Where:

+1 whenx; >x; .
I"[ = 0 (J:1,2,° ¢, |)

The Sk sequence is the cumulative number of data where the value at time i is greater than the
value at time j. Assuming the time series is independent and random, the formula for
magnitude can be expressed as:

[sk—E (s3.)]
UF, = %(kzl,z,- « -, n)

In the formula, UF;1=0; E(Sx) and Var(Sk) are the mean and variance of S, which could be
calculated with the following formula when the data are independent from each other and
distributed continually:

E(s,) = n(n4+ 1)
Var(s,) = n(n + 17)22?1 +5)

UF can be compared with the critical value U,, which can be obtained by querying the normal
distribution table (Uo.0s=1.96) and indicate the significance level of the trend or mutation point
observed in the test [11]. If |UF|>Uo.0s, then the trend is significant with 95% confidence level.
The approximate abrupt change point can then be located close to the intersection of UF and
UB curves, and the abrupt change point is significant if the intersection is within the
confidence interval [12].

2.3 Wavelet analysis

The time series in this study were studied with the wavelet analysis expressed as [13] :

Vo (t) — H—1/4eiwgte—t2/2
In the equation, t is the time; w, is the dimensionless frequency. When w,=g, the scale term
and period term are interchangeable. The wavelet analysis incorporated Morlet wavelet
transform, which had the benefit of non-orthogonality as well as a good balance between the
localization of time and frequency [14] [15]. The continuous wavelet of the discrete time
series X_n (n=1,2,---, N) with equal time step §_t is re-defined as the convolution of the scale
change of the wavelet function y_0 and the converted x_n:

N-1
_ 6{- . (nf - I’I)(?t
= S5 e
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Where * represents the conjugate complex number; n is the total number of data in the time
series; (0_t5)"(12) is a factor used for standardization of the wavelet function, so that the
wavelet function has on each wavelet scale s Unit energy. By converting the wavelet scale s
and localizing along the time index n, a graph showing the fluctuation characteristics of the
time series on a certain scale and its changes over time can be obtained. The global wavelet
spectrum can then be obtained with the following formula:

N-1
WE(s) =3 ) (5P
n=0

3. Analysis of climate change characteristics

3.1 Characteristics of temperature variation

As shown in Fig. 1 (1), the average air temperature in Haiyan County has shown an obvious
upward trend in the past 40 years, in which it increased by 0.03 °C /a in the 1980s, 0.01 °C /a in
the 1990s, and 0.04 °C /a since the beginning of the 21st century. The lowest temperature
increase in Haiyan County was -0.43 °C in 1976, and the highest was 1.92 °C in 1998. The
average temperature increasing rate was 0.07 °C /a. The correlation analysis showed the
increasing trend for the mean temperature was significant (P<0.01). As shown in Fig. 1 (1),
the seasonal distribution of mean air temperature was obvious, and the peak value appears in
July or August, indicating the characteristics of a normal distribution.
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(1) Inter-annual variation (I1) Intra-annual variation

Note: (1) the dotted line represents the linear trend, and the solid line represents a two-year moving average.
Fig. 1. Variation characteristics of mean temperature

As shown in Fig. 2, the mean relative humidity in Haiyan County fluctuated inter-annually
in the past 40 years, but an overall decreasing trend was observed. At the end of the 1970s,
there was a rapid downward trend, with an annual decrease of 2.0%. From the 1980s to the
beginning of the 21st century, the mean relative humidity showed a slight increase of 6.2%,
but decreased rapidly after 2003. And the average relative humidity of the 2010s had dropped



KSII TRANSACTIONS ON INTERNET AND INFORMATION SYSTEMS VOL. 14, NO. 10, October 2020 3945

to a similar level to the lowest level in the late 1970s and early 1980s. Overall, the average
annual decrease of the mean relative humidity was 0.71%, with the maximum value being
66.2% in 1989, and the minimum being 54.8% in 2013. The correlation analysis showed the
overall trend for the mean relative humidity in Haiyan County was not significant (P>0.1).
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Fig. 2. Inter-annual variation characteristics of mean relative humidity
3.2 Variation characteristics of mean wind speed

As shown in Fig. 3 (1), from the perspective of year-to-year variation, the annual average wind
speed in Haiyan County has shown a slight increase over the past 40 years. In the late 1970s,
the annual average wind speed increased, with an annual increase of 0.17m/s. From the 1980s
to the early 1990s, the annual average wind speed decreased by the value of 0.04 m/s per year.
From the beginning of the 1990s to the middle of the 1990s, there was no drastic change to the
annual average wind speed. From the mid-1990s to 2014, the annual average wind speed
increased by at the rate of 0.17 m/s per year, doubled in 2014. During the studied period, the
highest annual average wind speed was 5.8 m/s in 2014, the lowest value was 2.5 m/s that
appeared in the early to mid-1990s; the range of variation was 2.3m/s. The correlation analysis
results showed the variation trend for the mean wind speed was not significant (P>0.1). Fig. 3
(1) showed the monthly variation of average wind speed in Haiyan County based on the
compiled yearly data of the studied period. From the figure, it was found that the average wind
speed in Haiyan County remained above 2.5 m/s throughout the year. Over 3m/s was recorded
from February to May, reaching the peak in March and April.
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Fig. 3. Variation characteristics of mean wind speed

3.3 Variation characteristics of pan evaporation

As shown in Fig. 4, the pan evaporation in Haiyan County showed a fluctuating downward
trend from 1975 to 2010, with a decrease rate of 1.2 mm/a (P > 0.1). The pan evaporation
increased rapidly in the middle and late 1970s, with an average annual growth rate of 77.4
mm/a. However, from the beginning of 1980s to the middle and late 1990s, it decreased at the
rate of 17.6 mm per year. From the late 1990s to 2010, it showed an upward trend, and its
average increase rate was 9.0m. During the study period, the range of pan evaporation in
Haiyan County has reached 391.2 mm, with a maximum value of 1673.5 mm in 1979 and a
minimum value of 1282.3 mm in 1989. The correlation analysis showed that the overall
decreasing trend of pan evaporation was not significant (P>0.1).
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Fig. 4. Interannual variation characteristics of small evaporation
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3.4 Variation characteristics of sunshine duration

During the study period, a small increasing trend as shown for the annual sunshine hours in
Haiyan County (Fig. 5), the increasing rate being 1.3 h/a. In the middle and late period of
1970s, the annual sunshine hours increase rapidly, with an average increase rate of 98.8 h/a.
However, from the 1980s to the early 1990s, the annual sunshine hours decreased at the rate of
34.7 hfa. In the 1990s, another increasing trend was observed at the rate of 30.4 h/a. In the 21st
century, the annual sunshine hours in Haiyan County decreased 12.9 h on average per year.
During the study period, the maximum annual sunshine hours was recorded in 1997 (3118.3h),
and the minimum was recorded in 1976 (2627.9h), the range of variation being 490.4 h. The
correlation analysis showed that the overall increasing trend of the sunshine duration was not
significant (P>0.1).
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Fig. 5. Inter-annual variation characteristics of sunshine hours

3.5 Characteristics of precipitation variation

As shown in Fig. 6 (I), there was a slight increasing trend for the annual precipitation in
Haiyan county at the rate of 0.64 mm/a. The maximum value was 522.3 mm in 1989; the
minimum value was 248.2 mm in 2000; and the range of variation was 274.1 mm. In the mid
and late 1970s, the annual precipitation in Haiyan County decreased, with an average decrease
rate of 19.3 mm/a. However, in the 1980s, it increased at the rate of 27.6 mm/a. Since the
1990s, the annual precipitation has decreased, with an average decrease rate of 10.5 mm/a. In
the 21st century, the annual precipitation in Haiyan County increased at 27.9 mm/a, but a
downward trend occurred since 2009 with a decrease rate of 30.1 mm/a. The correlation
analysis indicated that the overall increasing trend of precipitation in Haiyan County was not
significant (P>0.1). Fig. 6 (Il) demonstrated the distribution of precipitation on a monthly
basis. Overall, the graph followed the normal distribution. A seasonal distribution was also
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observed, with the majority of the precipitation taking place in summer and autumn, peaking
during July and August.
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Fig. 6. Variation characteristics of precipitation
3.6 Variation characteristics of mean surface temperature

As shown in Fig. 7, an overall increasing trend was observed for the mean surface during the
study period at the rate of 0.07 °C/a (P<0.01). The average surface temperature of Haiyan
County was the lowest at 2.98 °C in 1976 and the highest at 6.03°C in 2013. From 1976 to
2013, the average surface temperature of Haiyan County increased by 3.05 °C.

65 r
60 | *
55 F
50
45
40
35
30 F o
25 F
20 L L L L L L L g
1975 1980 1985 1990 1995 2000 2005 2010 2015

Annum

y=0.6567x-1261.6
RZ=0.8061

Mean surface temperature (0.1°C)

Note: The dashed line in the diagram represents the linear trend, and the solid line represents the two-year moving
average

Fig. 7. Interannual variation characteristics of mean surface temperature
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4. Characteristic analysis of climatic cycle

Fig. 8 showed the power spectrum of meteorological factors in Haiyan County in the recent
decades transformed by Morlet wavelet. The larger the wavelet power in the graph, the denser
the contour lines were. The areas surrounded by dotted lines were the period that passed the
Gaussian red noise test (P<0.05); the areas surrounded by the inverted cone lines (in the shape
of *) were the period where the edge effect was removed. The wavelet power spectrum of the
rest of the areas were influenced by the edge effect, hence there was uncertainty in the periodic
characteristics in these areas.

As shown in Fig. 8(a), there were two significant quasi-3a periods and one significant quasi-4a
period in the mean temperature time series in Haiyan County, and the intensity of these periods
varied inter-annually. The two quasi-3a periods appeared in 1976-1990 and 1998-2001
respectively, with the former stronger than the latter. During the first quasi-3a period, the
mean annual temperature experienced a process of "rise-drop-rise”, with the temperature
rising by 1.3°C. During the second quasi-3a spectrum period, the mean annual temperature
decreased 0.44 °C. The quasi-4a cycle occurred during the period of 1996-1999, where the
mean annual temperature increased 0.98 °C. The wavelet power spectrum analysis also
detected the presence of quasi-12a and quasi-24a cycles, but none was significant (P>0.1)

As shown in Fig. 8(b), there were significant quasi-2~4 a and quasi-8a periods in the
precipitation time series in Haiyan County, and the intensity of these periods changed along
with the annum. The periodic characteristics of the quasi-2~4a periods appeared during
1978-2003, where the annual precipitation fluctuated four times and overall decreased 32 mm.
The periodic characteristics of the quasi-3a spectrum appeared in the period of 2007-2012,
where its annual precipitation experienced the process of "increase-decrease-increase"”, and
overall decreased 59.9 mm. The periodic characteristics of the quasi-8a spectrum appeared in
the period of 1983 -2001, where the annual precipitation decreased 61.4 mm. The quasi-2 ~ 4a
spectrum was stronger in 1990 ~ 2001 and weaker in other years.

As shown in Fig. 8(c), there were two significant quasi-3a periods and one significant quasi-6a
period in the mean relative humidity time series in Haiyan County, and the intensity of the
periods changed along with the annum. The periodic characteristics of the quasi-3a periods
appeared during 1984-1993 and 2009-2014. During the first quasi-3a spectrum period, the
mean annual relative humidity experienced the process of "decrease-increase-decrease"”, and
overall increased 0.58%. During the second quasi-3a period, the mean annual relative
humidity fluctuated twice, and the total amount decreased by 6.21%. The characteristic of
quasi-6a the period period appeared during 1976-1996, and its mean annual relative humidity
experienced four fluctuations, and overall increased 1.1%. Its spectrum was stronger from the
end of 1970s to the early 1980s, but weaker in other years.

As shown in Fig. 8(d), there were significant quasi-3a and quasi-3~4a periods in the time
series of sunshine hours in Haiyan County, and the intensity of these periods changed along
with the annum. The quasi-3a period appeared in 1976-1984, the annual sunshine hours
experienced three fluctuations, and its total amount increased 221.5 hours. The quasi-3~4a
periods, appearing during 1984-2010, was stronger in the early 1990s but weaker in other
years, and the annual sunshine hours increased by 66.2 hours. At the same time, it was detected
by wavelet power spectrum analysis in the time series of sunshine hours in Haiyan County that
periods between 16a and 32a were present, but not significant (P>0.1).
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Fig. 8(e) showed one significant quasi-4a period in the time series of mean annual wind speed
in Haiyan County. Its periodic characteristics appeared in the period of 2008 ~ 2014, and the
mean annual wind speed overall increased 2.7 m/s. The wavelet power spectrum analysis also
quasi-12a and quasi-24a periods in the series, but not significant (P>0.1).

Fig. 8(f) showed one quasi-4~6a period in the annual pan evaporation time series in Haiyan
County. The periodic characteristics appeared during 1976-1996, and the annual pan
evaporation decreased 48.9 mm. Meanwhile, the wavelet power spectrum analysis also
detected the presence of quasi-6a and quasi-8a scale periods in the series, but not significant
(P>0.2).

Finally, no characteristic period was observed in the surface temperature series in Haiyan
County.
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5. Mann-Kendall non-parametric mutation test for climate change

As shown in Fig. 9(1), the mean annual temperature in Haiyan County showed a clear upward
trend, which greatly exceeded the critical line of significant level 0.05 after 1990, indicating
that the trend was significant. This was consistent with the previous analysis of the
inter-annual variation of mean temperature. According to the intersection point of UF curve
and UB curve, the year 1993 might be the abrupt point that the average temperature of Haiyan
County becomes rising, but the mutation point was not within the confidence interval, so its
credibility needed to be further discussed.

As shown in Fig. 9(I), the average surface temperature of Haiyan County showed a
“downward-upward” trend in the time series. Since 1983, the rising trend of surface
temperature gradually increased, and exceeded the critical line of significant level 0.05 after
1986. Therefore, the rising trend of the surface temperature was significant, which was
consistent with the analysis of the inter-annual variation of the surface temperature before.
According to the intersection point of UF curve and UB curve, the year 1989 might be the
abrupt point that the average surface air temperature of Haiyan County becomes rising, but the
mutation point was not within the confidence interval, so its reliability needed to be further
discussed.

From Fig. 9 (IIT) (IV) (V) (VI) (VII), it can be seen that the trends of precipitation, mean
relative humidity, mean wind speed, pan evaporation and sunshine hours in Haiyan County
were all in a state of constant fluctuation. By and large these trends did not exceed the critical
line of significant level 0.05, indicating that the variation trends of these meteorological
factors were not significant.
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Fig. 9. Mann-Kendall statistics curve of meteorological factors in Haiyan County

6. Conclusion

In this paper, the climate change in the study area in the recent decades was analyzed in detail
by means of moving average, Mann-Kendall non-parametric mutation test and wavelet
analysis. According to the results of climate change analysis, the sunshine hours and air
temperature in Haiyan County showed an obvious upward trend, and the average temperature
showed a significant quasi-3a scale cycle and increased by 1.31°C in the late 1970s and 1980s.
After 1990's, the rising trend of average temperature slowed down, and since 2000, the
average temperature has risen 0.06 °C. The average surface temperature has increased by
2.75 °C since 1976, and the maximum was 1.37°C, which was occurred in the late 1970s and
1980s. The relative humidity in Haiyan County has a downward trend. Since 1976 the relative
humidity has decreased by 2.75%, and at this stage it also occurred two quasi-3a cycles and
one quasi-6a cycle. In addition, precipitation and evaporation in Haiyan County showed a
reverse trend, in which precipitation fluctuated upward, while evaporation fluctuated
downward. But in recent decades, the average annual precipitation in Haiyan County was
395.5 mm, and the average annual evaporation was 1433.7 mm. As for the smaller
precipitation, the average difference between precipitation and evaporation reached
1035mm/a, which led to the serious water loss. Additionally, the wind direction of Haiyan
County in recent decades was mainly from west to east, and it has a trend of slight increase.



KSII TRANSACTIONS ON INTERNET AND INFORMATION SYSTEMS VOL. 14, NO. 10, October 2020 3953

Therefore, the climate of Haiyan County has a trend of drought, which is becoming more and
more serious, according to the change trend of meteorological elements such as temperature,
relative humidity, wind speed, evaporation and precipitation of Haiyan County in recent
decades.
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