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ABSTRACT

Climate adaptation research should consider both climate change
and regional climate contexts. Research evaluating the regional
climate adaptability of urban spaces helps identify weaknesses of
climate resilience in spatial planning. This paper constructs a climate
adaptation evaluation indicator system for cities in the severe cold
zones of China, and evaluates the temporal-spatial changes of
climate adaptability in the central area of Harbin. The evaluation
outcome reveals that the overall climate adaptability of the study
area generally improved from 2008 to 2017 despite staying at a
relatively lower level. There are significant differences in spatial

1 Introduction

Climate change has lasting effects on the environment due to the
inertia of climate system!"™”, Intergovernmental Panel on Climate
Change (IPCC) pointed out that climate adaptation measures
are important in dealing with future climate change impacts™",
particularly for urban areas'. At present, researchers worldwide
have contributed to the studies on climate change adaptability,
and countries such as Denmark, New Zealand, and Canada have
proposed climate adaptation strategies or action frameworks for
domestic major cities™ .,

Defining and evaluating the climate adaptability of cities is
the basis for the development of adaptive planning and decision-
making'”. In recent years, scholars in related fields have mainly
carried out research on the evaluation of urban climate adaptability
through two approaches. 1) Evaluation of climate adaptation
actions. Karianne de Bruin et al. conducted a quantitative
assessment on the incremental costs and benefits of climate
adaptation policies in the Netherlands!"”. Benjamin L. Preston
et al. and Ingrid Baker et al. respectively developed and applied
evaluation frameworks on 57 and 7 climate adaptation plans
concerning public health and ecological environment™"'"?, Both

studies evaluated plan components such as information base and
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pattern and development of spatial elements of climate adaptability
by districts. Accordingly, this paper proposes countermeasures
supporting future decision-making on climate adaptation planning
for the study area, offering a reference for other cities in the severe
cold zones of China.
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risk assessments. In two cases, Elisabeth M. Hamin et al. assessed
whether the climate adaptation and mitigation policy goals of
some cities conflict with each other in transportation, water
resources, biodiversity, and energy utilization, and proposed
suggestions for a synergic urban development!. 2) Evaluation
of the interactions between urban spatial elements and thermal
climate factors. Brain Stone et al. studied the impact of urban
form and land development density on urban heat island effect

[14]~[1

and extreme heat events 8 Claire L. Walsh applied an urban
integrated assessment facility to simulate land use change,
climate impact, and greenhouse gas emissions in London over the
21st century[”]. Based on the EPICEA project in Paris, Jean-Luc
Salagnac assessed the increased albedo of urban building surface,
enlarged green area, and other climate adaptation strategies on
urban heat balance®.

To sum up, the first approach mostly assesses the economic
and ecological benefits of government-led adaptation actions”,
which has become mainstreaming in climate adaptation planning
at home and abroad"”. The second mainly measures whether and
how urban spatial elements can adapt to the increasing climate
changes. However, little research systematically evaluates climate
adaptability from the perspective of urban spaces or establishes

climate adaptability evaluation systems for urban spaces'*",



Urban meteorologist Tim Oke believes that the impacts

of climate change vary by regions'*”!

, suggesting that climate
adaptability research should consider both climate change and
regional climate contexts. For cities in severe cold zones that
are facing combined impacts of climate change and regional
climate'®, their main climatic problems mostly occur in winter
[24][25

despite intensified heat island effect in recent years | Long
time of low temperature and frequent snowfalls in winter greatly
reduces citizens’ living comfort and impedes domestic production.
Collymore Peter, Jan Gehl, Norman Pressman, and other scholars
conducted in-depth research on urban and architectural design
countermeasures in line with severe cold climates™™**., Although
climate warming in winter brings about benefits such as improving
outdoor thermal environment and facilitating the diffusion of water

pollutants””1*%

, it enlarges the temperature difference between day
and night after snow, accelerates the formation of icy surface, and
increases sand and dust weather in spring due to the decrease of
snow retention”".

Across the world, the number of research on urban spatial
planning that responds to climate change is increasing. However,
little research studies the mechanism of climate adaptation planning

[32]

upon regional climate conditions””, not to mention regional climate

Table 1: Climate problems of urban spaces in winter

in the severe cold zones of China

Impacted facet Specific problem

Transportation Increased carbon emission from traffic; frequent traffic
congestion and icy surfaces after snow; reduced overall
public transportation capacity, especially during peak
hours

Landscape The lack of greenery and outdoor environmental

attraction to citizens; lowered carbon sequestration by

soil and vegetation

Energy consumption Increased energy consumption for domestic heating
and clearing snow on roads, and growth of the use of

construction materials; aggravated air pollution

Living and production Limited outdoor activities; lowered jobs of outdoor

work

adaptability. Evaluating the regional climate adaptability of urban
spaces helps identify weaknesses of climate resilience in spatial
planning. This paper constructs the climate adaptability evaluation
indicator system for cities in the severe cold zones of China (where
the lowest monthly average temperature over years is no higher
than -10°C™*), by demonstrating the case of the climate adaptation
planning for the central area of Harbin—a typical city in the severe
cold zones of China. This paper then proposes countermeasures
according to the evaluation results, supporting future decision-
making on climate adaptation planning for cities in the severe cold
zones of China.

2 Climate Adaptability of Urban Spaces in the Severe
Cold Zones of China

This paper summarizes the climate problems of urban spaces
under the combined contexts of climate change and regional
climate, explores the concept of climate adaptability of urban spaces
in the severe cold zones, and proposes the paths of improving
climate adaptability of urban spaces.

2.1 Climate Problems of Urban Spaces in Severe Cold Zones of
China
Compared with China’s other climatic zones (including cold
zones), severe cold zones are more profoundly impacted by
combined impacts of climate change and regional climate since
they suffer from longer harsh winters. The paper characterizes
the climate problems of urban spaces in winter in the severe cold
zones of China (Table 1)*"®* to inform the development of climate
adaptation paths.

2.2 Climate Adaptation Paths for Urban Spaces in Severe Cold

Zones of China

One of the essential components in urban planning is the
arrangement of physical spatial elements (such as land use,
transportation system, constructions, and green and open
spaces)™!. Therefore, research on climate adaptation planning from
the perspective of urban spaces needs to focus on the improvement
of climate adaptation through planning approaches.

[PCC classifies adaptation strategies to cope with climate
change and extreme weather events into three types—protection,
accommodation, and managed retreat”*®*”), Considering both
climate change and regional climate, this paper extends the
application scenarios of these strategies to urban spaces, and
defines three types of climate adaptation paths, namely protection
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and restoration, accommodation, and managed retreat. The
interactions between regional climate characteristics, urban
spatial elements, and climate adaptation paths in the severe cold
zones are displayed in Figure 1.

1) Protection and restoration. Protect vulnerable urban
spaces with engineering measures to guarantee city’s basic

138 It also requires to restore the

services and residents’ daily life
urban systems in impacted areas back to the condition before

the external stress with planning interventions. In this paper,
protection and restoration means include improving energy
efficiency of transportation and construction industries, and
protecting urban systems vulnerable to the severe cold climate in
winter.

2) Accommodation. Urban systems can enhance their
adaptation capacities to withstand moderate climate impact
caused by accelerated climate change and maintain city functions
without additional human intervention®. In this paper,
accommodation means include ensuring transportation efficiency
in winter, increasing green and open spaces, and promoting the
micro-climate regulation and carbon sequestration function of
soil and vegetation.

And 3) managed retreat. When the external stress exceeds the
combined adaptation capacity of urban systems and engineering
constructions, retreat from areas of high vulnerability or exposure
risk through planning approach to minimize the potential impact
of climate problems!*”. In this paper, managed retreat means
include early warning and emergency response programs for
disastrous weather events and the transition of urban systems (e.g.
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replacement of vegetation species) responding to adverse climate
impacts.

3 Construction of Climate Adaptability Evaluation
Indicator System for Urban Spaces in the Severe
Cold Zones of China

To evaluate climate adaptability of urban spaces in the severe
cold zones of China, this paper first establishes an indicator system
measuring the city’s capacities of protection and restoration,
accommodation, and managed retreat in land use, transportation
system, constructions, and green and open spaces. The quantitative
method for each indicator is put forward as well.

3.1 Selection of Evaluation Indicators
By reviewing research on the correlations between urban
spaces and climate environments in severe cold zones across

qre

the worl , climate regulation policies for cities in severe

(+31*4) and evaluation indicator

cold zones in developed countries
systems of urban climate carrying capacity and climate change
vulnerability**?, this paper identifies 21 evaluation indicators
(Table 2). In the synthesized selection process, data accessibility
is considered, relevant categories are consolidated, and indicators

with relatively lower correlation coefficients are eliminated.

3.2 Calculation Methods of Indicators
3.2.1 Indicator Quantitation Equations
The quantitation of each indicator in this research adopts three



Table 2: Climate adaptability evaluation indicator system for urban spaces in the severe cold zones of China

Capacity Element Indicator

Land use Development and utilization rate of underground space

Indoor accessibility

Transportation system

Protection and Degree of road snow removal and antifreeze treatment in winter
restoration
Building clean heating ratio
Construction
Ratio of water- and energy-saving old buildings
Green and open spaces Implementation ratio of green buffer
Land use compatibility
Land use
Land development intensity
Proportion of rail transit trips
Transportation system Winter traffic performance index
Public transport accessibility
Accommodation
Building shape factor
Construction
Proportion of buildings with vertical planting
Greenery coverage
Green and open spaces Ventilation channel construction level
Popularity of winter activities in public spaces
Land use Afforestation area in the current year
Emergency access network coverage
Transportation system
Managed retreat Winter disaster early warning coverage
Construction Proportion of green buildings in newly-built buildings
Green and open spaces Planting ratio of native species of severe cold zones
methods (Table 3)!*3I*411#71~163]. coverage, proportion of green buildings in newly-built buildings, and
1) Eleven indicators have clearly defined quantitative equations planting ratio of native species of severe cold zones.
by planning documents, laws, or management regulations. They are 2) This research uses referred quantitative methods for the
building clean heating ratio, ratio of water- and energy-saving old indicators without clear quantitative equations from similar
buildings, implementation ratio of urban buffer, land development well defined ones. They are development and utilization ratio of
intensity, proportion of rail transit trips, winter traffic performance underground spaces, and proportion of buildings with vertical

index, public transport accessibility, building shape factor, greenery planting. For example, the annual average development growth
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Table 3: Quantitative equations of the evaluation indicator system

Indicator Attribute Reference Threshold/level Weight
Development and utilization ratio Quantitative Annual average development growth ratio of underground >20% 0.026
of underground spaces spaces by The 13th Five-Year Plan for the Development and

Utilization of Urban Underground Space (Source: Ref. [47])
Indoor accessibility Qualitative Minneapolis Climate Action Plan (Source: Ref. [44]) Low—medium—high 0.084*
Degree of road snow removal and Qualitative Technical Specification of Snow Remove Operation for City Low—medium—high 0.026
antifreeze treatment in winter Road, NO. C]J/T 108—2006 (Source: Ref. [48])
Building clean heating ratio Quantitative Planning of Clean Heating in Winter in Northern China >70% 0.062*
(2017—2021) (Source: Ref. [49])
Ratio of water- and energy-saving Quantitative Technical Guidelines for the Comprehensive Improvement > 65% 0.047
old buildings of Old Residential Areas of State Organs in China
(Source: Ref. [50])
Implementation ratio of green Quantitative National Garden City Standards in National Garden City >80% 0.036
buffer Series Standards, NO. (2016) 235 (Source: Ref. [51])
Land use compatibility Qualitative Code for Classification of Urban Land Use and Planning Low—medium—high 0.055*
Standards of Development Land, NO. GB50137—2011
(Source: Ref. [52])
Land development intensity Quantitative Technical Release 55 stipulates that if the total impervious <30% 0.047
area exceeds 30% of a site, the infiltration of the pervious
area will be nominal (Source: Ref. [53])
Proportion of rail transit trips Quantitative Standard for Urban Rail Transit Network Planning, NO. GB/ Population above 5 million, > 50% 0.057*
T50546—2018 (Source: Ref. [54]) Population 1.5 ~ 5 million, > 30%
Winter traffic performance index Quantitative Specification for Urban Traffic Performance Evaluation, <4 0.061*

NO. GB/T33171—2016, stipulates that the traffic
performance index of uncongested roads is not higher
than 4 (Source: Ref. [55])

rate of underground spaces should be more than 20%, according
to the 13th Five-Year Plan for the Development and Utilization of
, and this research thus takes 20% for

the indicator of development and utilization ratio of underground

Urban Underground Space

spaces.

And 3) for the other eight indicators without defined equations
(i.e. qualitative indicators), such as indoor accessibility, popularity
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3.2.2 Indicator Weights
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its value or cross-comparison with its previous year.

Continued

of winter activities in public spaces, and afforestation area in
the current year. The quantitative equation for each indicator is
assigned to a certain predefined level (i.e. low—medium—high) by

Since this evaluation system contains both qualitative and



Table 3: Quantitative equations of the evaluation indicator system

Indicator Attribute Reference Threshold/level Weight
Public transport accessibility Quantitative Public transport accessible levels no less than 3 are >3 0.047
considered medium or good according to Hammersmith &
Fulham Local Plan (Source: Ref. [56])
Building shape factor Quantitative Design Standard for Energy Efficiency of Residential < 0.55 (stories < 3); 0.034
Buildings in severe cold and cold zones, NO. JG]26—2018 < 0.3 (stories = 4)
(Source: Ref. [57])
Proportion of buildings with Quantitative Minimum proportion of roof greening area of new buildings > 30% 0.043
vertical planting required by the Opinions on Strengthening Vertical Planting
in Shandong Province (Source: Ref. [58])
Greenery coverage ratio Quantitative National Garden City Standards in National Garden City 236% 0.062*
Series Standards, NO. (2016) 35 (Source: Ref. [51])
Ventilation channel construction Qualitative Technical Guidelines for Urban Ventilation Channel Planning Low—medium—high 0.147*
level (Source: Ref. [59])
Popularity of winter activities in Qualitative Winter Design Guidelines: Transforming Edmonton into a Low—medium—high 0.011
public space Great Winter City (Source: Ref. [43])
Afforestation area in the current Qualitative Implementation Regulations of the Forestry Law of the Less than—the same as—more than  0.010
year People’s Republic of China (Source: Ref. [60]) the previous year
Emergency access network Qualitative Comprehensive Disaster Prevention and Reduction Planning Low—medium—high 0.050*
coverage of Heilongjiang Province (2016—2020) (Source: Ref. [61])
Winter disaster warning coverage Qualitative Measures for Meteorological Disaster Early Warning by the Low—medium—high 0.011
Central Meteorological Office (Source: Ref. [62])
Proportion of green buildings in Quantitative The 13th Five-Year Plan for Building Energy Conservation >50% 0.047
newly-built buildings and Green Building Development (Source: Ref. [63])
Planting ratio of native species of Quantitative National Garden City Standards in National Garden City > 80% 0.037

severe cold zones Series Standards, NO. (2016) 35 (Source: Ref. [51])

NOTES
1. For the indicator “proportion of rail transit trips,” the minimum population required for the construction and development of urban rail transit is 1.5 million.
2. "*" refers to the weights greater than the ratio of the sum of all indicator weights (1) to the total indicator number (21), that is, 0.0476.

quantitative indicators, this paper adopts an integrated method components with characteristic roots bigger than 1 are determined,

to weigh the indicators™®. Firstly, the data for the 13 quantitative and the cumulative variance contribution rate is 84.358%. Then
indicators are sourced from different official documents of

Harbin city from 2008 to 2017. Through KMO test, three principal

varimax rotations are used to determine the linear equations of the
three principal components, and the load factor of each indicator is
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obtained as the initial weight.

Secondly, this paper adopts proportional scaling, a weighting
method based on the subjective identified level of each indicator,
which usually uses a 5-level 9-point scale!® to determine the
relative weight of each indicator through pairwise comparison. In
this paper, the judgment matrix constructed upon expert scoring
has a maximum characteristic root of 8.3921 and a CI value of 0.056,
suggesting that this matrix is consistent. Then, the initial weights of
the 8 qualitative indicators are obtained.

Finally, the initial weights of all 21 indicators are normalized
to obtain the final weights. In this paper, the indicators whose
weights are greater than the average (the ratio of the sum of
all indicator weights to the total indicator number, 0.0476)
are considered the major factors of climate adaptability of
urban spaces in the severe cold zones of China. They are indoor
accessibility, building clean heating ratio, land use compatibility,
proportion of rail transit trips, winter traffic performance index,
greenary coverage ratio, ventilation channel construction level,
and emergency access network coverage, which are analyzed in
the following sections.

3.2.3 Indicator Calculation

All indicators are normalized and nondimensionalized. A
quantitative indicator which meets the corresponding threshold
(Table 3) is audited with 1 point, otherwise -1 point. For example,
the winter traffic performance index is audited with 1 point when
its value is no more than 4, otherwise -1 point; the proportion of
green buildings in newly-built buildings is audited with 1 point
when its value not less than 50%, otherwise -1 point.

A qualitative indicator is audited with -1, 0, or 1 point when it is
less than, the same as, or more than the previous year (afforestation
area in the current year) or when its level is low, medium, or high
(other indicators), respectively. It is worth noting that the building
shape factor is determined by the dominated building-storey type
within the study area.

The overall climate adaptability is evaluated based on all the 21
indicators, as shown in equation (1):

sz(IPA'IAA'IMA)' (1)
where C is the overall climate adaptability index of urban spaces—
the larger value the index, the stronger the climate adaptability. I,,,
1,, and I,,, represent the capacities of protection and restoration,
accommodation, and managed retreat, respectively. In view of the
complexity of climate adaptability, this research regards the three

VOLUME 10/ ISSUE 4 / AUGUST 2022

052

capacities equally important, and the weights of the three criterion
are also equal.

This paper uses the linear weight sum method, which is widely
used in the evaluation function series to solve multi-objective
planning problems!®®®”: the overall climate adaptability of urban
spaces equals the summed capacity in protection and restoration,
accommodation, and managed retreat. The climate adaptability of
urban spaces is calculated with equations (2) ~ (5):

C=1,+1,+1,, (2)

Ly=D 1, xW,, (3)
i=1

Ly=21, xW,, (4)
i=1
k

Lw = 2 1 X W, , (5)

where n, m, and k are the number of indicators in the criteria of
protection and restoration, accommodation and managed retreat,
respectively. I, and W,, I, and W,, and I, and W, are the ith
indicator in criteria of protection and restoration, accommodation
and managed retreat and the corresponding weight, respectively.
The resultant score of each criteria and overall climate adaptability
of urban spaces in the study area can be obtained.

4 Climate Adaptability Evaluation of Urban Spaces in
Harbin

Relying on the climate adaptability evaluation indicator system
of urban spaces in the severe cold zones of China, this paper
evaluates the climate adaptability of the central area of Harbin—
a typical severe-cold-climate city—based on official statistics and
spatial data.

4.1 Study Area

Located in the northeast of the Northeast Plain of China,
Harbin is the capital of Heilongjiang Province, the regional hub
in transportation, politics, economy, culture, and finance, and a
super-large city with the highest latitude and the lowest winter
temperature in China. The central area of Harbin consists of
Nangang, Daoli, Xiangfang, Daowai, Pingfang, and Songbei Districts,
and parts of Hulan, Shuangcheng, and Acheng Districts, covering a
total area of about 4,187 km®.



4.2 Data Sources

The data used in this paper are mainly sourced from official
statistics, spatial planning documents, literature, and guidelines.
Statistical data for 14 indicators, including afforestation area
in the current year and winter traffic performance index, are
collected from Heilongjiang Statistical Yearbooks (2008 ~ 2017),
Harbin Statistical Yearbooks (2008 ~ 2017), Government Work
Reports (2008 ~ 2017), the official website of Harbin Municipal
People’s Government, news, as well as analysis reports on
urban infrastructure released by AMap, Tuniu.com, and other
transportation and tourism applications. The spatial data for
development and utilization ratio of underground spaces, land use
compatibility, and land development intensity are mainly sourced
from the open-access planning documents on the official website
of Harbin Municipal People’s Government, the official website of
Harbin Urban and Rural Planning Bureau (before 2017), etc. In
terms of the data for antifreeze treatment in winter and indoor
accessibility, degree of road snow removal, building shape factor,
and proportion of buildings with vertical planting, this study
conducts the assignment by reviewing relevant research and
guidelines, empirical experience, and available data.

4.3 Evaluation Results and Discussion
4.3.1 Temporal Changes of Climate Adaptability

The temporal changes of climate adaptability of the study
area from 2008 to 2017 are shown in Figure 2. During this
period, relevant national and local policies were issued and
the urban socio-economic development advanced; government
departments have increasingly recognized the importance of
enhancing the climate adaptability of urban spaces, taken positive
countermeasures in all aspects of urban construction, and invested

0.2
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N/

-0.4
-0.6

-0.8

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

~®- Protection and restoration capacity

& Overall climate adaptability

053

in ecological and environmental governance. Accordingly, all the
three capacities and the overall climate adaptabilities in the study
area were generally improved. However, drawbacks such as high
energy consumption of transportation and industrial buildings,
loose urban spatial pattern, and weak carbon sequestration of green
space® have been challenging the overall climate adaptability

of the study area, which largely fluctuated and was not scored
positively until 2017.

The evaluation outcome reveals that the protection and
restoration capacity of the study area witnessed a gradual increase
since 2011. In terms of the major factors, indoor accessibility was
far less than other severe-cold cities in developed countries'®”. The
construction project of indoor overpass in Qiulin Business District
of Nangang District was initiated in 2008 by the government,
but then was halted for safety and management reasons. The
insufficient indoor accessibility led to a low efficiency of winter
climate protection, which might have restricted the improvement of
protection and restoration capacity. In 2016, the Harbin City Special
Action Plan for Air Pollution Prevention and Control (2016—2018)""
promoted forbidding the use of lignite boilers for winter heating. Both
Harbin Clean Heating Implementation Plan (2019—2021)""issued
in 2019 and the 14th Five-Year Plan for Ecological Environment
Protection in Harbin (draft for comments)”? issued in 2022
promote the development of clean energy. Buildings clean heating
ratio is expected to continue to grow, strengthening the climate
adaptability of the study area.

Compared with the other two, the accommodation capacity of
the study area is the lowest—this significantly compromises the
integrated climate adaptability score, showing a general growth
though. Among the major factors, the proportion of rail transit
trips has gradually increased since 2013, when three subway lines

Accommodation capacity 2. Temporal changes of

Managed retreat capacity climate adaptability of urban

~ © Jiang Cunyan, Leng Hong, Yuan Qing

spaces in the study area
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were put into operation, and contributed to the improvement
of the climate adaptability of urban spaces. This paper uses the
analysis reports from AMap on the traffic performance of Harbin
for an approximate measurement of the winter urban traffic
performance index of the study area. Considering that the traffic
congestion index of Harbin in the first quarters of 2016 and
2017 ranked the first and the second nationally, and the peak
congestion delay index in both years exceeded 1.9, There is
great potential in enhancing the accommodation capacity of the
study area by improving the winter traffic performance (increasing
the operation efficiency in winter, reducing the peak congestion
time, etc.). In addition, the recent development of multifunction
land use pattern has improved the land use compatibility, but has
limited effect on the improvement of protection and restoration
capacity. Although the greenery coverage has generally risen in
the research period and has reached the national garden city
standard (36%) since 2015, it was still far behind the national
eco-garden city standard (45%). The regional severe cold
climate hinders the function of the accommodation capacity of
urban green spaces. The construction of ventilation channel has
gradually attracted the attention of government departments
in recent years. In April 2018, with the issue of Planning of
Ventilation channel in Harbin'"¥, the city started to strictly
control the construction area and density of the ventilation
channel sites, and clear the key nodes hindering the channel
connectivity as many as possible. However, it will take some
more time to complete the construction of ventilation channels
and for an overall improvement of the accommodation capacity
of the study area.

Managed retreat capacity improved mildly—it is scored -0.2 to
0 point except for the years of 2014 and 2017. This may be caused
by the long-time neglect by government departments of the
indicators of managed retreat capacities such as the emergency
access network coverage. The Harbin Contingency Plan issued
in 2022 specifies disaster emergency response measures, but
does not designate any emergency paths or shelters at the level of
urban space. The historically inadequate managed retreat capacity
of the study area needs strengthening urgently.

4.3.2 Spatial Pattern of Climate Adaptability

For a refined analysis, the central area of Harbin is divided into
48 units bounded by arterial roads, expressways, and district/
town boundaries. The spatial analysis of climate adaptability
used the data of 2017, the last year of the study time span. Since
urban climate adaptability ignores spatial boundaries between
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units, interpolation analysis can be used to accurately predict
the unknown data value'”®. Therefore Kriging (a method of

771 is used to visualize

interpolation analysis) in ArcGIS 10.3
the spatial pattern of climate adaptability of the study area.

In addition, this research employed the widely-used natural
breakpoint classification system in ArcGIS 10.37*7% to classify

the evaluation results, which are divided into 7 grades. Then the
division results were rounded to the nearest tenth for a better
visualization (Fig. 3).

The overall climate adaptability of the study area is considered
low: areas with positive scores account for less than 1% of the
total area, and areas with scores below -0.4 account for more
than 70%. There are significant differences in spatial pattern and
development of spatial elements in the overall climate adaptability
by districts: generally, the northern area has a higher climate
adaptability than the southern part, and that of the downtown
area is higher than the others, showing a radial pattern from the
city center to the surrounding.

Lower scored units (-0.7 < score < -0.4) concentrates in the
south of the study area where heavy industrial land use dominates,
including heavy machinery manufacturers, pharmaceutical
companies, and industrial logistics parks. Heavy energy
consumption and long-term job-housing separation also account
for the low score of the protection and restoration capacity of
this area. In the southeast and southwest of the study area, the
recent “county to district” reform of Acheng and Shuangcheng
have reshaped the local land use and disturbed the ecological
environment. In Acheng District, the arable area decreased from
93,400 hm’ in 2006 to 72,500 hm’ in 2018, which considerably
compromised the accommodation capacity of the area.

Units with medium scores (-0.4 < score < 0) are mainly found
in the north, south-central, and east of the study area, where the
historic city areas of Harbin are located in. The high population
density, lack of infrastructure, heavy building energy consumption,
and low transportation accessibility have together resulted in
relatively lower accommodation and managed retreat capacities.
In the downtown area, the dense road network, insufficient
emergency accesses, and lack of large emergency shelters lead to
a relatively low managed retreat capacity.

Higher scored units (> 0) are all located along the Songhua
River, mostly developed in the recent 15 years, and some sit in the
key development areas. Developed infrastructure, higher greenery
coverage, less industrial pollution, as well as cold island elements
such as ventilation channels along the rivers, green spaces, and
squares, lead to a better accommodation capacity.
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5 Strategies for Improving the Climate Adaptability
for Urban Spaces in the Central Area of Harbin

The evaluation results show the temporal-spatial disparity
in climate adaptabilities. During the research period, the climate
adaptabilities of the study area was low, gradually improved
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@ © Jiang Cunyan, Leng Hong, Yuan Qing

— Railway
N — River system [
0.2 0.0 -0.2  -0.4 == Structural green space 0.2 0.1 0.0 -01
Higher Medium Lower 2 — Analysis unit boundary Higher Medium Lower

— Inter-city transportation
— Railway

— River system

= Structural green space
— Analysis unit boundary

3. Spatial pattern of climate adaptability
of the study area: protection and
restoration capacity (Fig. 3-1);
accommodation capacity (Fig. 3-2);
managed retreat capacity (Fig.3-3);
spatial pattern of the overall climate
adaptability (Fig. 3-4).
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though. While most urban spaces in the study area face with
problems such as heavy energy consumption of transportation and
industrial buildings, loose urban spatial pattern, and weak carbon
sequestration of green spaces™®, local challenges can be identified
by analysis through climate adaptation zoning. In the future,
planning and design countermeasures should be put forward
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according to the climate adaptability evaluation results, and provide
reference for climate adaptation planning, actions, and decisions for
cities in the severe cold zones of China.

5.1 Integrating the Concept of Climate Adaptation Into the

Compilation of Territorial Spatial Planning

In recent years, climate adaptation has been integrated into
urban planning systems of some Chinese cities mainly in forms of
ideological principles or macro guidance and suggestions, less in
specific planning outcome. This paper attempts to integrate the
concept of climate adaptation into the compilation of territorial
spatial planning by supplementing the existing planning system
with the major factors of climate adaptability evaluation indicator
system (Table 4), upon the requirements of municipal territorial

spatial planning by the Notice of Territorial Spatial Planning by the
Ministry of Natural Resources of the People’s Republic of China™”,
and the urban planning measures at varied levels in respond to
climate change through literature review!®"*,

Main possible means to improving the protection and
restoration capacity include providing citizens with underground
spaces or indoor overpasses, improving the utilization efficiency
of land use through land compatibility control, and proactively
increasing building clean heating ratio through application
of new energy technology. Main possible means to improving
accommodation capacity include promoting the construction of
urban rail transit and guaranteeing the transportation efficiency
in winter, determining the spatial layout and planting structure

of green spaces in line with macro principles on ecological

Table 4: Supplementary of climate adaptation in territorial master planning of Harbin

Requirement

Main factors

Supplementary

Climate adaptation path

Layout of urban and rural
public service facilities

Indoor accessibility

Identify the key distribution areas and determine the construction
forms of indoor overpasses, and proactively explore new types of

climate protection measures

Functional layout of the
central area

Land use compatibility

Identify the key areas and determine measures for compatible

land use

Important linear engineering

network

Building clean heating ratio

Set goals for building clean energy heating ratio and clean energy

consumption

Protection and

restoration

Proportion of rail transit trips

Increase the accessibility of urban rail transit and provide climate

protection for rail transit facilities

Winter traffic performance

index

Improve public transportation accessibility and focus on ensuring

transportation efficiency in winter

Scope and distribution
requirements of urban
structural green spaces

Greenery coverage

Improve greenery coverage and determine the proportion of arbor

planting and main planting areas

Pattern and control
requirements of ventilation
channels

Ventilation channel

construction ratio

Build ventilation channels on both sides of Songhua River and
Majiagou River as major ecological barriers, and establish a

hierarchical and interconnected ecological spatial system

Accommodation

Security and disaster

prevention system

Emergency channel network

coverage

Build emergency shelters and routes for evacuation based on

arterial roads, green and open spaces, etc.

Managed retreat
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and environmental protection against severe cold climate, and
improving the overall greenery coverage of the city while delimiting
ventilation channel areas based on the existing river system and
riverside green buffer belts. Main possible means to improving

the managed retreat capacity and provide practical measures

for evacuation include establishing meteorological disaster early
warning systems and building emergency escape networks.

5.2 Formulating District-Level Management Measures for

Climate Adaptation

According to the evaluation results of climate adaptability,
district-level management measures are put forward to synergize
the climate adaptation effect of each district and improve the
overall climate adaptability of Harbin: central Nangang District and
northern Daoli District should aim at optimizing land use pattern
and lowering population density to alleviate the adverse impact
of regional climate environment; Songbei District and eastern
Daowai District should target increasing land use compatibility
and efficiency to enhance climate adaptation; for the vast areas of
destructed arable land in Shuangcheng and Acheng districts, climate
security should be maintained by restoring arable lands; at last,
Pingfang and Xiangfang districts should focus on enhancing climate
adaptation by tackling serious problems of energy consumption.

6 Conclusions and Prospects

Severe cold zones facing complex climate conditions are
more vulnerable to climate change. Summarizing the climate
characteristics of these areas, this paper responds to the combined
effects of climate change and regional climate with three strategies,
namely protection and restoration, accommodation, and managed
retreat, and constructs a climate adaptability evaluation indicator
system for urban spaces in severe cold zones of China. In the case
study of the central area of Harbin—a typical severe-cold city,
planning and design countermeasures are put forward based on
the evaluation results. The local difference and insufficient synergy
between districts in climate adaptation shown in the study area
are also challenging other severe-cold Chinese cities. Since the
studied period of time spans from 2008 to 2017, some indicators
(e.g. building clean heating ratio and the proportion of rail transit
trips) have significantly improved in the past few years due to the
promotion of national and local policies, and greatly enhanced the
overall climate adaptability of urban spaces. In the future, measures
to promote the construction of urban rail transit, guarantee the
transportation efficiency in winter, and build urban ventilation

channels should be taken. Integrating the concept of climate
adaptation into the compilation of territorial spatial planning,

and formulating forward-looking climate adaptation planning and
synergetic policies are key to strengthening urban spatial climate
adaptation in the severe cold zones of China. The research team
will continue to pay attention to relevant policies and urban spatial
construction in future efforts.

Due to the complexity of urban systems, cities at different
scales vary widely in climate problems. This paper conducts an
exploratory research on the climate adaptability evaluation of
urban spaces in severe cold zones, and sees deficiency in the
structural design and quantification method of the indicator system.
For example, refined indicators to specific climate risks need to
be introduced®, and the research scientism can be improved by
adopting more objective weighing methods instead of the linear
weight sum method. Also, the research results need to be verified
by future (comparative) evaluation research on climate adaptability
in different severe-cold Chinese cities.

This paper provides reference for future compilation of
territorial spatial planning and special planning and research
responding to climate adaptation under severe cold climates,
promotes the development of climate adaptation of cities in severe
cold zones of China, and supports the ongoing pilot projects of
climate adaptability city construction throughout the country.
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