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Abstract
In the paper, we analyze the climate-related risks of rainstorm floods, droughts and water shortages, high temperatures, and heavy
hazes in the Xiongan New Area. A warming and drying trend was seen in Xiongan New Area during 1961–2018, as evidenced
by the increase in the number of high-temperature days and the maximum rainfall intensity per hour, a decrease in surface water
resources and groundwater levels, a reduction in wind speeds, and weakening of the self-purification capacity of the atmosphere.
It is estimated that the areas at high risk of floods and heats will increase by 15.7 and 15.6% in around 2035 relative to 1986–
2005, respectively. Although the runoff in the Daqing River Basin will increase, the construction of Xiongan New Area means
that the imbalance between the supply and demand of water resources will remain. Climate change adaptation measures should
therefore be improved in the planning and construction of Xiongan New Area. Finally, we discuss the approaches to address
climate-related risks in this new area.

1 Introduction

Under the current background of global warming, cities are
increasingly affected by extreme weather and climate events
(Alexander et al. 2006; Bai et al. 2018). Global climate change
has led to an increase in climate-related risks in China (Wang
et al. 2018). The risks of climate change to urban areas are
more prominent in China than in other countries (Blumberg
and Dphil 2014; Zhai et al. 2018), and extreme weather and
climate events—for example, high temperatures and
heatwaves, rainstorm floods, and heavy haze—occur fre-
quently (Qin et al. 2015; Mei et al. 2018). The intensity and
frequency of these events have increased further in China as
the urban climate has been affected by rapid changes in the
land surface, enhanced anthropogenic heat release, and high

emissions of aerosols (Sun et al. 2016; Li et al. 2015; Chen
and Oliver 2016). The North China Plain, the heartland of
modern China, is likely to experience deadly heatwaves
(Kang and Eltahir 2018) in the future and changes to atmo-
spheric circulation patterns induced by global greenhouse gas
emissions will contribute to the increased frequency of severe
haze events in Beijing (Cai et al. 2017).

The State Council of China has approved the 2018–2035
master plan for Xiongan New Area, located on the North
China Plain. Xiongan New Area will undertake the non-
capital functions of Beijing, and the master plan optimizes
the framework of territorial space development and protection
to create an inviting, ecologically balanced low-carbon city.
Although Xiongan New Area has a good location, abundant
land resources, stable geological conditions, an excellent eco-
logical environment, and strong resource-carrying capacity, it
faces a number of problems, including water shortages, severe
water pollution, the over-exploitation of groundwater, and the
risk of flooding (Xia and Zhang 2017). To achieve the con-
struction goals of Xiongan NewArea, the carrying capacity of
water resources and the ecological environment should be
enhanced through scientific controls (Ge et al. 2017).

It has been shown that Xiongan New Area is experiencing
a warming and drying trend (Ma and Ren 2007), evidenced by
significantly increased temperatures and decreased precipita-
tion in the Hai River Basin (Zhu et al. 2017), the weakened
self-purification capacity of the atmosphere in the Beijing–
Tianjin–Hebei region, more frequent high temperatures
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(Qian and Cao 2018), and frequent extreme precipitation
events (Jiang et al. 2018). The average temperature in
Xiongan New Area will continue to rise in the future and the
frequency and intensity of high temperatures, heatwaves, and
rainstorm floods will increase (Wu et al. 2018; Shi et al. 2019).
Urban planners and decision-makers need scientific evidence
to help them manage risks and develop strategies for climate
mitigation and adaptation. Therefore, systematically studying
the climate-related risks in Xiongan New Area is of major
importance in planning and construction so that the develop-
ment can adapt to climate change, manage and reduce climate
risks, and improve resilience.

Based on the meteorological and hydrological observation
data, this paper analyzed the change characteristics of rain-
storm floods, droughts and water shortages, heats, and heavy
hazes in the Xiongan New Area from 1961 to 2018. We used
the regional climate model and hydrological model to project
the future climate risks faced by Xiongan New Area and
discussed the adaptive strategies. We hope the research could
provide scientific support for the planning and construction of
the new area in order to improve the society’s resilience to
climate-related risks.

2 Data and methods

2.1 Research area

Xiongan New Area, about 100-km southwest of downtown
Beijing, is planned to cover Xiongxian, Rongcheng, and
Anxin counties, which sit at the center of the triangular area
formed by Beijing, Tianjin, and Hebei’s provincial capital
Shijiazhuang. The New Area will initially cover about 100
km2 and will be expanded to 200 km2 in the midterm and
about 2000 km2 in the long term. It is home to Baiyangdian,
northern China’s largest freshwater wetland. With the eastern
TaihangMountains in the west and the vast North China Plain
in the east, the New Area faces Bohai Bay and is part of the
Daqing River Basin (Fig. 1).

2.2 Data

We use observational data from 1961 to 2018 collected by the
National Meteorological Information Center of the China
Meteorological Administration. The annual climatological
value is the average of 30 years from 1981 to 2010. Drought
days are defined as days with different drought grades deter-
mined according to the meteorological drought comprehen-
sive index stipulated in national standard GB/T 20481-2017
Grades of Meteorological Drought (National Standard of
People’s Republic of China GB/T 20481-2006579 2006).
High-temperature days (heat days) are defined as days with
the highest daily temperature ≥ 35 °C, and rainstorm days are

defined as days with daily precipitation ≥ 50 mm. The ob-
served runoff data for the Daqing River Basin are obtained
from the Hydrology and Water Resources Bureau of Hebei
Province. The water use data are supplied by the Hydrology
and Water Resources Bureau of Baoding.

We use a high-resolution (1/16° × 1/16°, about 6.25 km)
combined dynamic and statistical downscaling dataset under
the future scenario of RCP4.5, which is downscaled from five
GCMs from CMIP5, including CSIRO-Mk3-6-0, EC-
EARTH, HadGEM2-ES, MPI-ESM-MR, and NorESM1-M
(Han et al. 2019; Li et al. 2020; Shi et al. 2019). Five ensemble
members with equal weights are used to project the future
climate. For more detail on the combined dynamic and statis-
tical downscaling method, please refer to Han et al. (2019).

The socioeconomic data include population density (POP)
and gross domestic product (GDP). The estimated POP data
are taken from the global 1/8° × 1/8° grid data of the SSP2
scenario of the Inter-Sectoral Impact Model Intercomparison
Project with a temporal resolution of 1 year. The estimated
GDP data are taken from the global 1/12° × 1/12° grid data of
the SSP2 scenario of the Potsdam Institute for Climate Impact
Research with a temporal resolution of ten years. Both
datasets are interpolated to a grid of 1/16° × 1/16° with a
temporal resolution of 1 year by applying the bilinear interpo-
lation method.

2.3 Calculation of flood and heat disaster risks

The generalized extreme value distribution method
(Chen et al. 2010) is used to simulate the maximum
daily precipitation and the maximum continuous precip-
itation, as well as the maximum temperature and the
maximum continuous high-temperature days, to charac-
terize the risks of extreme precipitation and extreme
high temperatures, respectively. The two-dimensional
hydrodynamic model FloodArea (Xie et al. 2018) is
used to establish a dynamic simulation model of rain-
storm floods in Xiongan New Area under different
heavy rainfall scenarios to determine the risk assessment
criteria after comprehensively considering the frequency
and depth of floods.

The flood and heat disaster risk are calculated using the
method of Wu et al. (2011), which has been widely used in
previous studies (e.g., Dong et al. 2014; Xu et al. 2014). This
method has a high applicability because the flood or heat risk
is understood as an extreme climate index, and the vulnerabil-
ity of the hazard is based on an exposure and vulnerability
level with the following specific details.

(1) Hazard factors assessments. For floods, a normalization
is conducted for the RX5day (the maximum consecutive
5-day precipitation), R20 mm (the number of days with
at least 20 mm of precipitation), the terrain elevation, the

Y. Wang et al.



standard deviation of elevation, and the distance to water
bodies (rivers or lakes). The five normalized indicators
are weighted with the proportions 0.35, 0.25, 0.06, 0.12,
and 0.22. The normalized results are then added to give
the flood hazard risk index. For heat, a normalization is
conducted for the annual maximal daily maximum tem-
peratures (TXx), annual maximal daily minimum tem-
peratures (TNx), and number of heat days (SU35). The
three normalized indicators are then added to form the
heat hazard risk index with equal weights.

(2) Vulnerability assessment. The normalized POP andGDP
are weighted based on experience. A projection model of
the vulnerability to flood hazards is established using the
formula VF = 0.5 × DPOP + 0.5 × DGDP, where VF is
the vulnerability index and DPOP and DGDP are the
normalized POP and GDP, respectively. The model of
vulnerability to heat hazards is established using the for-
mula VH = 0.6692 × DPOP + 0.3308 × DGDP, where
VF is the vulnerability index and DPOP and DGDP are
the normalized POP and GDP, respectively. The calcu-
lated vulnerability index is then standardized, where 1 is
regarded as the maximum value of the vulnerability in-
dex in all grids, so the standardized ratio of VF or VH in
each grid is the vulnerability level of that grid.

(3) Disaster risk assessment. Based on the formula risk =
hazard × vulnerability (vulnerability and exposure), the
flood or heat disaster risk index (0–1) over the Beijing–
Tianjin–Hebei region can be calculated. The disaster risk
is divided into five levels: I, 0–0.02; II, 0.02–0.05; III,
0.05–0.1; IV, 0.1–0.2; and V, 0.2–1.0.

2.4 Hydrological model

The Soil and Water Assessment Tool (SWAT) model is used
to estimate the impact of future climate change on runoff.
Different water demand scenarios are set according to the
plans for Xiongan New Area to analyze the future water sup-
ply and demand risk. The volumes of monthly runoff at
Fuping Station in the Sha River Basin, Daomaguan Station
in the Tang River Basin, and Zijingguan Station in the Juma
River Basin during the time periods 1961–1985 and 1986–
2016 are taken to calibrate and validate the SWAT, respec-
tively. The historical meteorological data used to drive the
SWAT are CN05.1 data with a horizontal resolution of 0.5°
× 0.5° developed by the National Climate Center (Wu and
Gao 2013).

3 Results

3.1 Rainstorm flood

3.1.1 Change in precipitation

Xiongan New Area is located on the northern edge of the East
Asian monsoon. The annual climatological precipitation is
481 mm, with 78% of rainfall concentrated between June
and September. Precipitation in winter accounts for < 2% of
the total annual precipitation. The annual variability of precip-
itation is large and is influenced by the intensity of the summer
monsoon. The highest annual precipitation (869 mm in 1988)

Fig. 1 Topographic map of a the Jing-Jin-Ji region and b Xiongan New Area
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is more than three times the lowest annual precipitation
(254 mm in 1968). During the time period 1961–2018, the
annual precipitation and number of rainfall days slightly de-
creased at rates of 8.8 mm/10a and 1.5 days/10a, respectively
(Fig. 2a, b). The inter-decadal variation in precipitation is very
clear. The average annual precipitation reached an historical
high of 538 mm in the 1960s and an historical low of only

460 mm in the 2000s. The annual number of normal rainstorm
days is 1.4 (Fig. 2c) and the longest period of continuous
precipitation is 5.0 days. The average maximum daily precip-
itation is 71.7 mm, and the maximum amount of continuous
precipitation is 96.2 mm. During the time period 1961–2018,
the hourly maximum rainfall intensity showed an increasing
trend of an average of 1.5 mm/10a (Fig. 2d). The rainfall

Fig. 2 Variations in major climate factors in Xiongan New Area during
1961–2018. a Annual precipitation, b annual number of rain days, c
annual number of rainstorm days, d maximum rainfall in 1 h, e annual

average temperature, f annual average maximum and minimum
temperatures, g annual number of high-temperature days, and h annual
average wind speed
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intensity at different return periods during 1991–2018 in-
creased by 16–29% from the 1961–1990 level (Table 1).

3.1.2 Flood hazard

Rainstorm flood refers to a flashflood or waterlogging with
heavy rainfall. It is one of the most common natural hazards in
Xiongan New Area and occur at a high frequency, causing
great destruction and heavy economic losses. A total of 139
flood events have occurred in Xiongan New Area over the
past 300 years, with, on average, a flood event occurring once
every 2 to 3 years. Floods were frequent and severe during the
time periods 1796–1827, 1886–1898, and 1948–1965 (Hao
et al. 2018). A catastrophic flood took place in the Hai River
Basin in early August 1963. As a result, the water level in
Baiyang Lake rose and almost all of Anxin and Xiong
counties were flooded. Xiongan was affected by a large-
scale and long-term flood hazard for nearly 2 months. From
19 to 21 July 2016, the cumulative volumes of precipitation in
Rongcheng, Anxin, and Xiong counties were 176, 213, and
192 mm, respectively, and the maximum daily precipitation in
Rongcheng and Anxin counties were at record highs of 168
and 205 mm, respectively, affecting 517,000 people in
Xiongan.

We use the extreme value distribution function to fit the
return period of area rainfall in Xiongan New Area and obtain
the area rainfall of Xiongan New Area with a return period of
N years. The dynamic submergence process of rainstorm
floods is simulated by the hydrodynamic model FloodArea.
In combination with the impact-based flood risk assessment
criteria, the submergence range and depth of rainstorm flood
in Xiongan New Area are obtained (Table 2). For a rainstorm
that occurs once every 10 years, 80% of Xiongan New Area
reaches a flood depth < 20 cm, which has only a small impact.
With the extension of the return period, the area affected by
heavy and extremely heavy rainstorms increases. For a rain-
storm that occurs once every 50 years, the area with a flood
depth of 20–60 cm reaches 904.6 km2, and the area with a
flood depth of > 60 cm reaches 37.1 km2. Based on these
criteria, we obtain the flood risks in Xiongan New Area
(Fig. 3). In general, the northern and southeastern parts of
the area are subject to high flood risks. Most of the initial
development zone is at moderate and high risk of floods,

and part of Xiongan New Area is at extremely high risk of
floods.

3.1.3 Future flood risk

The regional climate model RegCM4 is used to predict the
future changes in climate in Xiongan New Area and the sur-
rounding areas based on statistical downscaling data at a high
resolution of 6.25 km under the RCP4.5 scenario (Shi et al.
2019) in the reference period 1986–2005. The results show
that R95P, RX5day, R1mm, R10mm, and R20mm will gen-
erally increase in the future; in particular, intense precipitation
during the time period 2026–2045 will increase by 34.1%.
Most of the Beijing–Tianjin–Hebei region is grade I risk in
the reference period, accounting for 88.2% of the total area,
whereas grade III and higher risks are mainly in the downtown
regions of the plain areas. Xiongan is mainly at grade I risk
(Fig. 4a). It is estimated that the area of Xiongan at grade II
risk will increase from 11.8% in the reference period to 84.3%
at about 2035, whereas the area at grade V risk will increase to
15.7% (Fig. 4b). Both the population and economic volume of
Xiongan are planned to increase markedly, and the risk of the
initial development zone will also rise to grade V by about
2035.

3.2 Drought and water shortage

3.2.1 Drought hazard

Xiongan New Area is usually affected by a moderate and
higher drought risk on 57.3 days and a longest continual
drought of an average of 31.6 days annually. During the time
period 1961–2018, the average annual number of drought
days showed a clear inter-decadal feature, with the most
drought days (247 days) in 1968, followed by 1975, 1999,
and 2006, all with > 150 drought days (Fig. 2d). There were
six extreme drought events in North China after 1951. A
spring–summer drought occurred in Hebei Province in 1975,
leading to 190 days of drought in Xiongan New Area. The
groundwater levels decreased sharply and the production of
crops such as wheat and maize was severely affected. Drought
continued for a long time in central and southern Hebei
Province in 1999, coupled with abnormally high temperatures
that led to serious losses of soil moisture. There were 160
drought days in Xiongan New Area in 1999 and a serious
drought in Xiong County. Serious winter–spring and autumn
droughts swept through Hebei Province in 2006. The average
number of drought days in Xiongan New Area reached 170.
Drought had a profound impact on the growth of winter wheat
and autumn sowing, and some areas were affected by a short-
age of drinking water.

Table 1 Return periods of daily maximum precipitation (mm) during
two time periods in Xiong’an New Area

Time period 10-year 20-year 30-year 50-year

1961–1990 46.5 53.8 58.0 63.2

1991–2018 53.9 63.8 69.9 78.0

Rate of increase (%) 16 19 21 23

Climate-related risks in the construction of Xiongan New Area, China



3.2.2 Change in water resource

Xiongan New Area contains Baiyang Lake in the Daqing
River Basin. The annual average runoff is about 2.23 billion
m3, with 85% of the total from mountainous areas. Influenced
by a monsoon climate, 60–80% of the annual surface runoff is
concentrated in June–September, resulting in extreme inter-
annual variations: the maximum runoff is 15 times the mini-
mum runoff. During the time period 2005–2016, the average
water resources in three counties of Xiongan New Area to-
taled 160 million m3 with a per capita resource of 147 m3. The
total water supply was 250 million m3, with a water deficit of
nearly 90 million m3 per year (about 36%). More than 90% of
the total water supply is from groundwater.

The decrease in annual precipitation has led to a sharp
decrease in natural runoff in the mountainous areas of the
Daqing River Basin. The annual runoff at three hydrological
stations (Zijingguan in the Juma River Basin, Fuping in the
Sha River Basin, and Daomaguan in the Tang River Basin) in
the mountainous areas of Baiyang Lake in the Daqing River
Basin during the time period 1961–2016 decreased at a rate of
130 million m3/10a, significant at the 95% level (Fig.5a),
mainly in the summer months. The surface water resources
in Xiongan NewArea were insufficient to meet demand, and a
large amount of groundwater was over-exploited for a long
time, leading to a rapid decrease in groundwater levels.
During the time period 1976–2016, deep groundwater levels
in Anxin County showed a significant long-term downward

Fig. 3 Risk of waterlogging in
Xiongan New Area

Table 2 Return periods of 24-h
precipitation (mm), flood depth
(m), and flood area (km2) in
Xiong’an New Area

Return period
(years)

Precipitation
(mm)

< 5 cm (lowest
impact)

5–20 cm (low
impact)

20–60 cm (high
impact)

> 60 cm (highest
impact)

10 117.8 735.1 686.8 340.8 7.2

20 141.5 729.9 449.5 572.6 17.9

30 157.0 728.0 249.3 766.0 26.7

50 177.1 723.7 104.5 904.6 37.1
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trend (Fig. 5b). The groundwater depth in Anxin County de-
creased by 38%, from 7.8 to 10.2 m, during the time period
2006–2015, whereas the groundwater depth in Rongcheng
County decreased from 9.2 to 22.5 m and that in Xiongxian
County from 17.8 to 19.2 m.

3.2.3 Projection of future water resource

Temperatures in Daqing River Basin are projected to rise in the
future, precipitation will increase slightly, and the number of
extreme heavy precipitation events will increase. Extreme
droughts will increase in northern and central areas, whereas
the longest period of continual drought days will decrease in
the southern area and the basins below Baiyang Lake. The
SWAT model predicts that surface runoff in the Daqing River
Basin will increase by 11% in the near future, with a larger
increase in the northern area than in the south. Runoff is expected
to increase mainly in autumn and winter by 80 and 45%, respec-
tively, whereas runoff in spring will decrease by about 5% and
the runoff in summer will be unchanged (Fig. 6).

3.3 High temperature and heat hazard

3.3.1 Changes in high temperature

The climatological annual average temperature, the average
maximum temperature, and the average minimum tempera-
ture in Xiongan New Area are 12.6, 18.7, and 7.3 °C, respec-
tively, lower than those in regions such as Beijing, Tianjin,
Shijiazhuang, and Baoding. This may be related to the heat
island effect of large cities and the regulating effect of Baiyang
Lake on temperatures (Cui et al. 2015; Zheng et al. 2012). The
extreme average annual maximum temperature in Xiongan
New Area was 38.2 °C. During the time period 1961–2018,
the annual average temperature, maximum temperature, and
minimum temperature in Xiongan New Area showed an up-
ward trend, with linear changes of 0.17, 0.20, and 0.21 °C/
10a, respectively, significant at the 95% level (Fig.2e, f).
There are, on average, 11.8 high-temperature days annually,
an increase of 0.8 days/10a since 1961 (Fig.2 g). The average
high temperature first appears on June 2 and lasts until

Fig. 4 aObserved and b projected spatial distribution of flood risk in Jing-Jin-Ji. grades I, II, III, IV, and V represent lowest, lower, medium, higher, and
highest risk, respectively

Fig. 5 aObserved annual total surface runoff from the mountainous area in Daqinghe River during 1961–2016 and b observed annual groundwater table
depth in Anxin County during 1976–2016
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July 22. In 2000, there were 29.3 average high-temperature
days in Xiongan New Area, with the highest temperatures in
Anxin and Rongcheng counties on July 1 reaching historical
records of 41.0 and 41.2 °C, respectively.

3.3.2 Future heat risk

The heat disaster risk areas in the Beijing–Tianjin–Hebei
region in the reference time period were mainly urban
areas with high populations and a high GDP, such as
Beijing, Tianjin, Baoding, and Shijiazhuang; 98% of
the Xiongan New Area had a risk below grade II (Fig.
7a). In the near future (2026–2045), however, the ensem-
ble annual average temperature of Xiongan New Area
will increase by 1.01 °C and the daily maximum temper-
ature, the daily minimum temperature, and the number of
summer days will increase by 1.38 °C, 1.35 °C, and 9
days, respectively. There will be a heat risk zone of
grade III along the Hai River Plain east of the Taihang
Mountains by about 2035, and the areas with a heat risk

of grade III and above will expand. The area with a heat
risk of grade III will expand from 1.96 to 27.45%, and
the area with a heat risk of grade V will expand to
15.59% (Fig. 7b).

3.4 Heavy haze

Xiongan New Area usually has an annual average of 5.1 haze
days, significantly fewer than in Beijing, Tianjin, and Hebei
(18.4 days). In 2017, the good air quality rate in the Beijing–
Tianjin–Hebei Region was between 38.9 and 79.7%, whereas
that in Xiongan New Area was 61.9%, and the concentration
of PM2.5 was 68.1μg/m3, better than that in Shijiazhuang and
other areas of Baoding.

Located on the leeward side of the Taihang and
Yanshan mountains, Xiongan New Area has an annual
average wind speed of 1.63 m/s and a 28% frequency of
annual breeze (< 1.0 m/s). The self-purification capacity
of the atmosphere is calculated using the method of Zhu
et al. (2018). Northern Shijiazhuang and Baoding have

Fig. 7 a Observed and b projected heat risk in Jing-Jin-Ji. Grades I, II, III, IV, and V represent lowest, lower, medium, higher, and highest risk,
respectively

Fig. 6 Change in simulated
monthly runoff from the
mountainous area in Daqinghe
River during the time period
2026–2045 relative to the base-
line period of 1986–2005

Y. Wang et al.



the lowest self-purification capacity in the Beijing–
Tianjin–Hebei region (Fig. 8a). Xiongan New Area lies
in the east of Baoding and the average self-purification
capacity of the atmosphere was 1.63 tons/km2/day during
the time period 2007–2017, lower than that of Beijing,
Tianjin, and Shijiazhuang, which is not conductive the
diffusion of air pollution and urban ventilation. As a
result of climate change, the annual average wind speed
and self-purification capacity of the atmosphere in
Xiongan New Area significantly decreased at a rate of
0.22 m/s/10a (Fig. 2h) and 300 kg/km2/10a (Fig. 8b),
respectively, during the time period 1961–2018. The fre-
quency of heavy pollution in autumn and winter and
these particular meteorological conditions has increased
significantly in Baoding, where Xiongan New Area is
located, since 1961 (Fig. 8c), with an increase of two
events every decade on average to 21 events in 1 year.
Heavy pollution in autumn and winter and these partic-
ular meteorological conditions occurred seven times in
2011–2012 and 2015–2016.

4 Discussion and conclusions

This study shows that, within the Beijing–Tianjin–Hebei re-
gion, the Xiongan New Area currently has a suitable climate
for urban development but will face high climate-related risks
in the future. Our conclusions and proposed countermeasures
can be summarized as follows.

(1) During the time period 1961–2018, the annual precipita-
tion and the annual number of precipitation days in
Xiongan New Area decreased at rates of 8.8 mm/10a
and 1.5 days/10a, respectively, but the maximum rainfall
intensity per hour increased by an average of 1.5 mm/
10a. It is estimated that the annual precipitation and
heavy precipitation will increase by 7.4 and 34.1%, re-
spectively, by 2035 relative to the reference period of
1986–2005. Located in the Daqing River Basin, near
Baiyang Lake and downstream of several river basins,
Xiongan New Area is relatively low-lying and is vulner-
able to floods caused by the Daqing River. Most of its

Fig. 8 aDistribution of the annual mean self-cleaning ability index of the atmosphere (ASI) in the Beijing–Tianjin–Hebei region, b historical changes in
the ASI in Xiong’an New District, and c frequent changes in meteorological conditions above heavy pollution in Baoding in autumn and winter
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initial development zone is located in areas at moderate
and high risk of floods; in the future, with the increasing
frequency and intensity of extreme precipitation, the area
at risk of grade II floods will increase from 11.8 to 84.3%
of the reference area and the area at risk of grade V floods
will increase to 15.7%. Therefore, more effort should be
made to construct flood control and drainage facilities
and improve the design standard for urban drainage sys-
tems to reduce the flood risk.

(2) The trend of climate warming and drying has led to an
average decrease of 130 million m3/10a in the total run-
off from the Daqing River Basin. Coupled with the in-
creased use of water resources, the balance between the
supply and demand for water resources in Xiongan New
Area has been affected. The groundwater levels in the
three counties of Xiongan New Area have decreased
rapidly due to the long-term over-exploitation of ground-
water. It is estimated that surface water resources will
increase by 11% by about 2035 but will still be unable
to meet current water shortages. In addition, the decrease
in spring runoff will aggravate seasonal droughts and
water shortages will constrain the sustainable develop-
ment of Xiongan New Area in the future. At present, the
use of water resources is unsustainable: water used for
agriculture accounts for 76% of the total, followed by
domestic use of 12.3%, and water for ecosystems of only
0.2%. On the premise of ensuring flood control and
drainage, rainstorm flood use projects should be planned
and constructed to maximize rainwater storage, infiltra-
tion, and purification, so that more flood resources can be
turned into accessible surface water and groundwater
resources. Inter-basin water transfer should be actively
implemented and water for crop production, domestic
and ecosystems should be scientifically and rationally
distributed.

(3) The annual average temperature, maximum temperature,
minimum temperature, and high-temperature days in
Xiongan New Area have shown an upward trend over
the past 57 years. It is estimated that the annual average
temperature will rise by 1.01 °C in the near future (2026–
2045), the number of summer days will increase by 9
days, the area at the risk of grade III heat will expand
from 1.96 to 27.45%, and the area at risk of grade V heat
will expand to 15.69%. The risk of high temperatures
and heatwaves should be considered in urban planning
and construction and the role of Baiyang Lake in increas-
ing air humidity, lowering the surrounding temperatures
and alleviating the urban heat island effect, and regulat-
ing the microclimate should be maximized.

(4) As a result of the poor self-purification capacity of the
atmosphere and poor ventilation conditions in Xiongan
New Area, the annual average wind speed and self-
purification capacity of the atmosphere are decreasing

as a result of climate change. Urban planning should
include building an urban ventilation corridor, achieve
zero carbon emissions, and control the discharge of pol-
lutants in Beijing, Baoding, and the southern cities of
Hebei.
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