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Abstract. The global warming has triggered climate change, which has a certain impact on the
redistribution of hydrology and water resources, and may even tilts the ecological balance. This paper
sums up the trends of some climate and hydrological indices in several Chinese rivers, namely,
temperature, precipitation and runoff, and examines how these indices vary with the time. Then, the
wavelet analysis was introduced to disclose the hidden features of temperature, precipitation and runoff
time series, revealing certain correlations between these series. As a result, the effect of temperature on
precipitation was explored through correlation analysis, so was that of temperature and precipitation on
runoff. Finally, the ecological water demands in the upstream, midstream and downstream of the target
river were computed, and found to change in a similar way to temperature and precipitation. The research
findings shed new light on the maintenance of hydrology and water resources in rivers and the handling
of relevant problems.
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Introduction

The rapid development of global economy and industry has pushed up the emission
of carbon dioxide, inducing climate warming around the world (Bertuzzo and Mari,
2017; Quilty and Adamowski, 2018). The rising temperature melts ice in polar regions,
elevates the sea level and triggers various environmental problems (Liu et al., 2018;
Jodar et al., 2017; Rad et al., 2017). For example, the temperature variation may cause
changes in water evaporation and precipitation, exerting certain impacts on terrestrial
hydrology and water resources (Ademila and Saloko, 2018; Baker, 2017; Mcknight,
2017; Moungar et al., 2018; Na et al., 2017). The redistribution of water resources in
turn increases the chance of floods and droughts, tilts the ecological balance, and even
endangers the survival of humans and other living things on Earth (Seiller et al., 2017;
Dile et al., 2018; Zhao et al., 2017).

To solve these problems, this paper analyzes how climate conditions affect
hydrology and examines the necessary hydrological conditions for ecological balance.
Much research has been done on the hydrological impacts of climate conditions at home
and abroad. However, there is not yet a unified understanding about how the climate
affects the hydrology (Hutton et al., 2017; Bloschl, 2017; Ouyang et al., 2017). On
ecology and hydrology, the study of the ecological demand for hydrology and water
resources started early, yielding fruitful results. In the beginning, the water resources
needed for ecology were investigated with the goal of satisfying the water demand for
living organisms in river areas. Later, some scholars held that simply fulfilling this
demand cannot ensure the relative stability of the ecology; the water resources should
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be sufficient to maintain a certain degree of liquidity, i.e. the ability to purify itself
(Mccurley and Jawitz, 2017). Most mature ecological and hydrological models are
created in developed countries in Europe and North America. European countries have
developed more such models than anywhere else. Table 1 lists the applications of
typical ecological and hydrological models since the 1980s.

Table 1. Typical ecological and hydrological models

Decade Reference Region Application
1980s | Sharpley and Williams (1990) | North America |Evaluation of land and water management
1990s Krysanova et al. (1998) Europe Hydrological simulation of vegetation
growth
Development of modules containing
biotic and abiotic information for

2000s Ekeetal. (2000) Europe geological information system (GIS) and

ecological protection/evaluation system
2000s Arabi et al. (2007) North America | Hyrological prediction of water quality
2010s Acreman and Holden (2013) Europe Evaluation of climate impact on

hydrology

As shown in Table 1, most of the existing studies consider ecological issue
separately from the hydrological issue. There is no report on the relationship between
the two issues. However, the relationship must be studied in order to disclose the effect
of hydrological conditions on ecological balance.

To sum up, there are a series of problems to be solved, despite some research results
on how climate affects hydrological conditions and how hydrology impacts ecology.
Hence, this paper attempts to solve the problems concerning the relevant influence
mechanisms, and shed new light on ecological protection in the context of global
warming.

Materials and methods
Basic information

In this paper, Jinghe River in China is taken as the research object and denoted as
river A. The mainstream was divided into three sections: the upstream (Al), the
midstream (A2) and the downstream (A3). There are three water sources of river A,
namely, Laohe River (B), Nanhe River (C) and Qinhe River (D). Among them, rivers B
and C have richer water resources than river D. The position distribution of the
hydrological station is shown in Figure 1. In Table 2, the research data were collected
from six hydrological stations, which are respectively located on Al, A2, A3, B, C, D.

Table 2. The basic information on the rivers

River Watershed area (km?) Annual mean runoff (100 million m3)
A 52,977 55.61
B 30,251 23.64
C 19,321 19.76
D 10,231 7.98
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Laohe River

Nanhe River

Qinhe River

Jinghe River

Figure 1. Hydrological station location

The statistical data in 2017 show that the watershed of Jinghe River generally enjoys
abundant grassland and forestland resources. However, there are some sections with
inadequate water resources, sparse vegetation and fragile ecology. The vegetation
information in the upstream, midstream and downstream of Jinghe River (A1~A3) and
in Laohe River, Nanhe River and Qinhe River (B~C) is provided in Table 3.

Table 3. The vegetation information in the watersheds of the rivers

Watershed Fpr_est land C_;rassland T_oFaI area
(Million acres) (Million acres) (Million acres)

Al 899.3 115 1,014.3

A | A2 497.8 500.9 998.7
A3 100.9 232.9 332.8

B 1,000.6 1,098.3 2,098.9

C 438.6 760.1 1,198.7

D 329.7 547.2 876.9

Climate conditions

This paper mainly targets the meteorological data of the watershed of Jinghe River in
the past 50 years (1969~2018).

Temperature

The annual mean temperature trend from 1969 to 2018 was plotted as Figure 1. The
temperature trend can be linearly fitted by the Equation 1:

y = 0.03081x — 50.83708 (Eq.1)

The coefficient of determination of the fitting formula reached 0.61097, an evidence
of good linear fitting effect. As shown in Figure 2, the temperature increased with the
elapse of time, which agrees with the trend of global warming in recent decades. The
rising temperature in Jinghe River watershed manifests the global warming
phenomenon. Of course, Figure 2 also shows that the temperature growth was not
always at the same rate in the fifty years. The rising speed was much faster in the latest
20~30 years.

The decadal temperature change in Figure 3 reflects that the temperatures in
1989~1998 and 1999~2008 were much higher than those in 1969~1978 and 1979~1988,

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(4):9411-9423.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1704_94119423
© 2019, ALOKI Kft., Budapest, Hungary



Zhang et al.: Effects of climate change on hydrology and water resources
- 9414 -

and slightly higher than that in 2009~2018. In general, the temperature underwent an
obvious increase, followed by a slight decline.

Temperature
Linear trend
11. 5
1
| I\ Ilw, | -‘".
~ 1107 MRV,
o |
< |
= A il }
g 10.5 P /
2 LA
5 | |
= Wl
10.0 | (W RSARY
(R | i
9.5
T T T T T T
1969 1979 1989 1999 2009 2019
Year
Figure 2. Interannual temperature change
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Figure 3. Decadal temperature change

Precipitation

The variation in the annual mean precipitation from 1969 to 2018 is illustrated in
Figure 4. The precipitation trend can be linearly fitted by the Equation 2:

y = 0.94536x — 1798.87651 (Eq.2)

The coefficient of determination of the fitting formula reached 0.61097, revealing a

good linear fitting effect. As shown in Figure 4, the precipitation showed an obvious
growth over time.
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Figure 4. Interannual precipitation change

The decadal precipitation change in Figure 5 shows that the precipitation continued
to rise, but at a slower speed in 2009~2018.
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Figure 5. Decadal precipitation change

Runoff features

The redistribution of water resources is an important consequence of global
warming. In this paper, the research data are collected from different hydrological
stations, including the runoffs of rivers B, C and D and the three sections of Jinghe
River.

The interannual runoff changes of rivers B, C and D were linearly fitted by the
Equations 3-5.

y = 0.48481x — 929.22809 (Eq.3)
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y = 0.51626x — 979.6944 (Eq.4)
y = 0.32655x — 594.53929 (Eq.5)

The coefficient of determinations of the above fitting formulas were respectively
0.32811, 0.11164 and 0.05515. The slopes of Equations 3 and 4 were significantly
different from 0O, but the slope of Equation5 is not. As shown in Figures 6-8, the
runoffs of rivers B, C and D exhibited a growing trend over time.

The interannual runoff changes of the upstream Al, midstream A2 and downstream
A3 of Jinghe River were linearly fitted by the Equations 6-8.

y = -0.3567x + 770.62988 (Eq.6)
y = -0.26977x + 580.15361 (Eq.7)
y = -0.42499x + 873.68232 (Eq.8)
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Figure 6. Interannual runoff change in River B
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Figure 7. Interannual runoff change in River C
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Figure 8. Interannual runoff change in River D

The coefficient of determinations of the above fitting formulas were, respectively,
0.08028, 0.05 and 0.13372. The slopes of Equations 6 and 8 were significantly different
from 0, but the slope of Equation 7 is not. As shown in Figures 9-11, the runoff of river
A showed a certain decline in the research period, indicating the possible overuse of the
water resources in the river. The excess water consumption for industry and agriculture
may increase the water evaporation, reduce the vegetation area, and thus tilt the
ecological balance.

Analysis process

Figure 12 shows our analysis process. In this paper, two important indices of
climate, temperature and precipitation, are subjected to feature analysis, and then
investigated to disclose how each of them affects the runoff. The index features were
examined through wavelet analysis, and the runoff impacts of each index were studied
by correlation analysis.
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Figure 9. Interannual runoff change in Al
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Figure 10. Interannual runoff change in A2
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Figure 11. Interannual runoff change in A3

Results
Analysis of index features

Wavelet analysis is an approach for multi-resolution statistical analysis. Compared
with the traditional time series analysis, this approach does well in mining out hidden
information from the research data, and enjoys great value in reference and application.
In this paper, wavelet analysis is adopted to explore the data periodicity, which cannot
be achieved by traditional statistical methods. The results of our wavelet analysis are
listed below.

(1) The temperature time series was periodic on multiple scales, especially on the
scales of 15~30, 7~22 and 2~9. The periodicity was obvious through the research period
on the first two scales, and only in part of the research period on the last scale. The most
obvious periodicity was observed on 15~30.
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(2) Similar to the temperature time series, the precipitation time series also exhibited
periodicity on multiple scales, especially on the scales of 15~29, 6~21 and 2~7. The
periodicity was obvious through the research period on the first two scales, and only in
part of the research period on the last scale. The most obvious periodicity was observed
on 15~29.

(3) On the runoff time series, the runoff of Laohe River had the same strong period
performance with the regional temperature, the runoff of Nanhe River had the same
strong period performance with the regional precipitation, and the runoff of Qinhe River
had the same strong period performance with the regional precipitation; For Jinghe
River, the upstream, midstream and downstream agreed with the regional temperature in
the strong period performance.

Temperature Precipitation
p Runoff data P
data data
A
Analysis
v A Y
Features of Features of Features of
temperature runoff precipitation
A A 4
Correlation Correlation
analysis analysis
v
Conclusions

Figure 12. Analysis process

Correlation analysis

Through the analysis on index features, it is learned that the river runoffs were
consistent with temperature and precipitation in strong period performance. In this
subsection, the effects of temperature and precipitation are further discussed through
correlation analysis. The results are shown in Table 4, where T is temperature, P is
precipitation, and AR~DR are the runoffs of Jinghe River, Laohe River, Nanhe River
and Qinhe River (A~D), respectively.
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Table 4. Results of correlation analysis

T P AR BR CR DR
T 1** 0.560** 0.393** 0.402** 0.286** 0.285**
P 0.560** 1** 0.378** 0.322** 0.244** 0.284**

**The corresponding statistic is significant on the level of 0.01. The correlation analysis reveals
significant correlations between temperature, precipitation and the runoffs of Jinghe River, Laohe River,
Nanhe River and Qinhe River

Ecological water demand

To disclose the impacts of climate change on ecological balance, one of the keys is to
check if the runoff satisfies the ecological water demand. The data on the area of
different types of vegetation in Jinghe River watershed were incomplete. The only
available data were recorded in 1975, 1995, 2000, 2010, 2014 and 2017. Therefore, the
data on the area and density of different types of vegetation, as well as on the water
demand for the normal growth of each plant, were extracted from these years, and used
to compute the ecological water demands. The results are shown in Figure 13.

Al
109 A2
A3

Ecological water demand (100 million m*)

I b |

1980 1990 2000 2010
Year

T
2020

Figure 13. Ecological water demand

It can be seen from Figure 13 that the ecological water demands in the upstream,
midstream and downstream of Jinghe River were all on the rise. The trend is similar to
that of temperature and precipitation.

Discussion

Our research shows that both the temperature and precipitation in Jinghe River basin
were on the rise in the reesarch period, which is similar to most regions across the globe
(Bertuzzo and Mari, 2017). One of the more striking features of Jinghe River basin is
that: the precipitation increased slightly in 2009~2018, despite the lack of obvious
growth in temperature. Considering the regional vegetation area, the phenonmenon can
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be attributed to the significant growth in vegetation coverage and the further increase in
evaporation in the river basis during 2009~2018.

The wavelet analysis and correlation analysis agree that temperature, precipitation
and climate conditions have certain correlations with river runoff, which echoes the
conclusions of the previous studies (Na et al., 2017). As shown in Table 4, the
temperature has a significant impact on precipitation and the two indices are positively
correlated, that is, the precipitation increases with temperature. This relationship may be
the result of the intense evaporation of surface water under high temperature.
Meanwhile, the river runoffs are positively correlated with both temperature and
precipitation, but the correlation coefficients are only 0.402 at the highest. This value is
lower than that of the other studies (Bertuzzo and Mari, 2017). Hence, there must be
other major water sources in the watersheds, such as glacial water and groundwater, that
weakens the impact of climate indices on runoffs.

The analysis on ecological water demand indicates that the ecological water demands
in the upstream, midstream and downstream of Jinghe River were all on the rise,
exhibiting a similar trend to that of temperature and precipitation. This trend is
consistent with the previous conclusions (Bloschl, 2017; Ouyang et al., 2017). The
possible reasons are as follows. With the growth in temperature, more water is
evaporated, leading to an increase in precipitation. In this situation, the vegetation area
continues to expand. That is why the ecological water demand is on the rise.

Currently, the river runoff basically satisfies the ecological water demand, indicating
that the ecological balance in the river shed has not been severely damaged. Of course,
it should be aware that the growing vegetation coverage may reduce the amount of
precipitation flowing into the river. Considering the recent runoff decline in river A
(Figs. 9-11), more attention should be paid to prevent the overuse of water resources
and the ensuing ecological damages.

Conclusions

(1) The trend analysis on climate indices shows that both temperature and
precipitation in the research area showed an interannual growth, which echoes the trend
of global warming. After analyzing the runoffs, it is noted that the upstream, midstream
and downstream runoffs in Jinghe River showed a decline interannually, a signal for the
possible waste of water resources in Jinghe River watershed. The waste threatens the
ecological balance in the watershed.

(2) The wavelet analysis was performed to analyze the features of temperature,
precipitation and runoff time series, revealing the consistency between the three indices
in periodicity over time.

(3) After the correlation analysis of temperature, precipitation and runoffs, the author
discovered the significant impact of temperature on precipitation, and the limited effects
of temperature and precipitation on runoffs. The small correlation coefficients between
runoffs and temperature/precipitation may be the result of the composition of runoff
sources in the study area.
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