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Abstracts: With resilience concepts is increasingly expanded in urban planning and 
architectural design industry under global climate change, renovation planning and 
residential design of the resilient village gradually show the key significance in rural areas, as 
important as urban field. In addition, development of the resilient village has been subject to 
many restrictions and security risks, especially in forest areas of severe cold region in China, 
due to the special climatic and ecological characters. In this context, the paper mainly focus 
on the connotation, characteristics, systematization and application of the resilient village in 
forest areas of severe cold region, through theoretical research, field research, system 
modeling and empirical research, based on resilience concepts. From the overall perspective, 
the paper aims to promote the process of resilient renovation planning and residential design 
in special climatic and ecological areas, through systematic research of the resilient village, 
in order to deal with climate change and other adverse factors 
Keyword: Resilience concepts; forest areas of severe cold regions;  the resilient village; 
stability landscapes; renovation planning and residential design 

1. Introduction 

In recent years, more and more researchers in China start to focus on researching the 
corresponding design strategies to deal with the impact of climate change, and pay great 
attention to renovation planning and residential design under special climate and ecological 
conditions. However, villages in the vast forest areas of northeastern China have been 
neglected by these researchers for a long time, which is the main component of the forest 
area compared to the cities. At present, the planning and residential design of these villages 
are lagging behind, due to the particularity of its climate, ecological environment, social 
economy and other factors. The problems of the forest villages mainly center on the 
settlement structure, energy utilization, building materials selection and ecological regulation. 
Furthermore, cause of the large amount and individual small scale, most of the forest villages 
scattering in the vast forest areas are more vulnerable to climate change and interdependent 
with the surrounding forest ecosystems. In order to change this situation, it is necessary to 
introduce resilience concepts in village renovation planning and residential design 

Resilience is defined as “the ability of a system or organization to withstand and recover 
from adversity” (Holling 1973). A resilient organization is one that is still able to achieve its 
core objectives in the face of adversity through a combination of measures. Resilience 
concepts is composed of four dimensions: latitude, resistance, precariousness and panarchy, 
with adaptive cycles, cross-scale effects and transformability (Brian Walker 2004).  As 
resilience concepts is widely applied to urban and regional planning field, the concept of 
resilient city has been gradually accepted, which is known as the capacity to absorb external 
disturbances and maintain the primary features, structure and key functions of urban or 
urban systems (Resilience Alliance 2007). Meanwhile, it has been defined that rural 
resilience is a new development concept (Heijman 2007). The idea of combining resilience 
concepts with village panning has also sprouted. For example, there are research on the 
analysis of rural community resilience (Skerratt 2013),  the components of rural resilience 
(Buikstra 2010), the resilience capacity to a developmental shock (Daisaku 2013), and 
spatial and productive development of coastal resilience (Diego 2014), However, there is 
currently a lack of systematic and empirical research focusing on the resilient village under 
special climate and ecological conditions, and cross-branch resilient research that combine 
village planning with architectural design. 
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Therefore, from theoretical and practical perspectives, the paper mainly focuses on 
renovation planning and residence design of the resilient village in forest areas of severe 
cold regions in China, based on resilience concepts, in order to deal with climate change, 
improve integrated adaptability and promote sustainable development. During the research 
process, the regional characteristics are highlighted, such as special climate and natural 
resources. Simultaneously, the organic integration of village planning and residential design 
is emphasized, in order to form a more systematic and interconnected resilient system. 

2. Field Research 

With case-based reasoning (Aamodt 1994), several typical villages were investigated through field 
research, and outstanding issues were summarized as original database for modeling.  
Specifically based on the research requirement, 10 villages were selected and field surveyed with 
representative characteristics in terms of scale, age, development and planning, which locates in 
forest areas of severe cold regions in Northeastern China (Figure 1-3).  

 

 
Figure.2 On-site interview 
(Source: Author). 

 
Figure.1 Research ranges and village location on a national scale 
(Source: Author).  

Figure.3 Field mapping 
(Source: Author). 

In each village, one relatively typical house was selected for detailed surveys, which are 
mapped and evaluated to analyze plan area, construction status, and average daily energy 
consumption. Based on the results, basic information and current situation of the villages and 
residences were compared and analyzed (Table 1, Figure 4-7). 
 

  
Figure.4 Comparison of village land area (Source: 
Author). 

Figure.5 Comparison of village population 
(Source: Author). 
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Figure.6 Comparison of typical residential area 
(Source: Author). 

Figure.7 Comparison of average daily energy 
consumption of typical residence in January 
(Source: Author). 

 
Table.1 Basic information of typical villages and residence (Source: Author). 

By analyzing and summarizing the results of field research, many current problems was 
found in villages of forest areas in severe cold region. Main outstanding issues include the 
following four aspects: 

Firstly, in the social aspect, the problem of “over-dilution” is serious， which was caused 
by the loss of population and the vacancy of land. With the development of urbanization, the 
number of residents in the village has continued to decrease, while land wastage and 
inefficient use have been increasingly severe. To remedy this kind of problem, it is necessary 
to reconstruct rural areas in a timely manner, however, which is in contradiction with the 
current urbanization policy pursued by the local government. The gaps between the existing 
problems and policy preferences poses a great threat to village resilience ability.  

Secondly, in the economic aspect, the industrial structure and development model of the 
villages are relatively rigid. In recent years, as the transformation of traditional centralized 
forestry management in China, many villages in forest areas have lost their economic status, 
with external attractiveness declined. At present, the villages are still dominated by traditional 
planting industries without rational occupational guidance to the residents. Therefore, the 
local industrial structure needs to be adjusted and diversified.  

Thirdly, in the ecological aspect, there is a lack of reasonable forest protection plan and 
special disaster prevention plan. As most villages in forest areas of severe cold areas are 
located in the mountainous area, the villages are faced with more disaster challenges 
compared to other natural areas in China. These challenges, such as winter cold waves, 
forest fires, and landslides, have posed great security risks for many villages. Otherwise, the 
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existing protection mechanism of forest resources is not sound enough, and the relationship 
between the villages and the forest is lacking of balance and symbiosis 

Fourthly, in the technologic aspect, the village’s municipal facilities and building 
technology are relatively backward. Most villages are lacking in centralized drainage facilities, 
centralized heating facilities and standby electric generation system. In addition, as the main 
type of architecture in the villages, residence is generally faced with a series of problems 
from function design to construction technology, such as unreasonable functional layout, 
non-recyclable materials, and high energy consumption in winter. 

3. System Modeling 

3.1 Conception of the Resilient Village  
Based on the results of previous investigation and analysis, it is very urgent to carry out 
resilient village renovation planning for villages in forest areas of severe cold regions, which 
is an active, nonlinear and complex process. The concept of resilience has important 
implications for village renovation, which reveals that villages, as an important part of the 
social-ecosystem, also have resilient characteristics, such as complexity, precariousness and 
adjustability within certain limits. Through various methods, the resilience concept will play a 
positive role in promoting village renovation 

Compared with other villages in China, the area and population of villages in forest 
areas of severe cold regions are relatively small. Therefore, in the process of village 
renovation, the resilience of individual residential units is superimposed, which will form a 
great synergy in the residential settlement and directly influence the construction of resilience 
villages. Thus the resilient village construction requires the integration of residence, village 
and surrounding environment. 

3.2 Space-time Characteristics of the Resilient Village  
In terms of basic characteristics, the resilient village includes redundancy, flexibility, 
learning capacity and restructuring capacity (Figure.8).  

In terms of spatial situation, the spatial form of the resilient village is dynamic with the 
resilient capacity. Resistance and precariousness are a set of opposition factors, and the 
degree of dispersion is determined by the resilient capacity. Thus the spatial situation model 
of the resilient village is similar to a dynamic cylinder, the section of which expands or 
contracts with the size of resilient capacity, and the height expands with the influence of 
social, economic, ecological and technological factors (Figure.9).  

In terms of time series, precariousness and resistance of the resilient village system 
interact with each other over time, and the result determines the resilient capacity of a village.  
If the resilient capacity gets larger, the system is still in the original stable landscape, or 
towards a higher level. If the resilient capacity gets smaller, and the threshold also reaches 
the maximum, then the village will go beyond the threshold into another kind of stable village, 
or fall into a temporary system collapse (Figure.10).  

 
 

Figure.8 Fundamental characteristics of resilience village 
(Source: Author, derived from Surjan 2001). 

Figure.9 Spatial situation model of the resilient 
village (Source: Author). 
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Figure.10 The time series model of the 
resilient village (Source: Author, derived 
from Wilhelm 2012). 

Figure.11 Stability landscapes on the resilient village system 
(Source: Author, derived from Wilhelm 2012) 

3.3 The System Model of Rural Resilient Capacity  
According to the research progress of, resilience concepts, Basin Model (Walker 2006) can 
describe the properties of restorative force in a vivid and accurate way, which includes state 
space, basin of attraction and stability landscapes. Among them, stability landscapes 
presents four primary elements that construct the resilience concepts, which are altitude, 
resistance, precariousness and the distance from the system to the threshold (Figure.11).  

 
Figure.12   Index system of the resilient capacity for villages in forest areas of severe cold region  
(Source: Author). 
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Based on stability landscapes, the rural resilient capacity system has the characteristics 
of openness, complexity and dynamics, which constructs the basic rudiments of the resilient 
village. By Delphi method, the impact factors are accurately screened. Then, through Set 
Pair Analysis (Jingzhong 2004), the active and passive effects of impact factors on the 
system are calculated in detail. Furthermore, the index system of the rural resilient capacity 
was constructed to support the village renovation in forest areas of severe cold region, 
including four sub-systems, including society, economy, ecology and technology, and 50 
impact factors (Figure 12). According to different action properties, the impact factors are 
divided into two categories: precariousness and resistance,   forming a dynamic balance of 
the rural resilient capacity. 

4. Empirical Research 

Empirical Research is a practice of relevance combining engineering practice with planning 
theory (Benbasat 1999). Based on the previous research, Shanhe Village was selected for 
empirical research, for renovation planning and residential design. Shanhe Village is located 
in in the forest areas of Daxingan Mountain, belonging to Pingshan town, Archen City, 
Heilongjiang Province. After the disintegration of traditional centralized forestry management 
in China, Shanhe Village has been faced with slow economic development, while the 
industry of which has been dominated by traditional agriculture and aquaculture for these 
years. Compared with the surrounding villages, Shanhe Village has certain typical 
characteristics, with a wide range of urgent problems to be solved. 

4.1 Renovation Planning of the Resilient Village  
According to the specific situation of Shanhe Village, comprehensive renovation planning 
was conducted (Figure 13-16), including the following four aspects: 

In the social aspect, the information feedback mechanism should be established so that 
the system can have good information circulation and self-adjustment ability. At the same 
time, intergenerational assistance at the community level should be promoted to develop 
social networks and community leadership. In addition, overlap land use should is allowed, to 
activate diversified living and production modes. Furthermore, residents are encouraged to 
participate in the planning work, to reflect their living needs and creative ideas. 

In the economic aspect, the development of diversified economic modularity is 
encouraged to enhance the innovation and utilization of featured resources, reducing 
economic risk. A modern timber processing factory is planned to replace the original quarry, 
in order to end the traditional crude exploitation of natural resources and make refined and 
sustainable utilization of the commercial timber resources. With the theme of featured village 
experience, the local tourism industry chain is carried out, including guest service facilities, 
planting experience farm and a forest sightseeing route. 

In the ecological aspect, the ecological service system should be constructed to realize 
the management and evaluation of local environment. To protect the forest, it is necessary to 
take fire prevention as the first priority, with popularizing fire prevention knowledge and 
establishing inspection system. The natural stream around the village should be reasonably 
protected and moderately exploited. In addition, aquaculture ponds can be set up with the 
topography, to mitigate the risk of rainstorm in combination. 

In the technologic aspect, the plan advocates the application of technological innovation 
and supports the integration and utilization of efficient technologies. To achieve this goal, 
emphasis is placed on the renovation of energy-saving technology in residence, in order to 
reduce energy consumption in winter and improve indoor thermal comfort. At the same time, 
improving the municipal management network has been placed in an important position, 
including setting up centralized drainage and wastewater treatment facilities. In addition, it is 
also necessary to carry out technical transformation of central heating facilities.  

Up to now, the renovation plan of the resilient village has been partially completed with 
initial results, due to the active support of local governments and residents (Figure 17). A 
series of hydrophilic facilities has been built including the dike, platform and bridge, forming 
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an important hydrophilic landscape node. Rare tree species have been recorded and 
protected, while natural streams nearby has been cleaned to maximize ecological 
authenticity. The residential square has been built to hold large-scale activities. The forest 
sightseeing project have been carried out, along with cultivation experience fields, tourist 
center, tourist hotel and restaurant. In general, the positive function of the resilient village has 
been beginning to emerge, which has shown certain demonstration effect to the surrounding 
areas. 

  

Figure.13 Overall planning (Source: Author). Figure.14 Resilient function partiton  (Source: Author). 

  
Figure.15 Resilient traffic planning (Source: Author). Figure.16 Resilient landscape structure (Source: Author). 

    
(a) (b) (c) (d) 

    
(e) (f) (g) (h) 

    
(i) (j) (k) (l) 

Figure.17 Present condition of Shanhe Village after the latest phase of village renovation: the river 
bank construction (a); the small dam construction (b); the low bridge construction (c); rare tree 
species statistics (d); natural river cleaning project (e); street facilities improvement (f); resident 
square construction (g); square seat setting (h); landscape corridor setting (i); farming experience 
fields  development (j); tourist  center and hotel construction (k); tourist  center and hotel construction 
(k); tourist restaurant construction  (k) (Source: Author). 
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4.2 Residential Design of the Resident Village  
A demonstration residence has been built in the Shanhe Village. In the process of design, 
construction and application, enhancing resilient capability is always being an important 
content, which is mainly embodied in the following stages: 

In the functional design phase, the functional pattern of demonstration residence can be 
converted from the fourfold mode to the double mode or the single mode, based on the 
diverse family structure and dynamic residential pattern of the residents (Figure 18). 

In the structural design stage, a variety of environmental protection materials and energy 
saving technologies are integrated to construct the structural system. Among them, timber is 
selected as the main material, to found the prefabricated light-wood structure system. The 
new EPS module insulation system is selected to realize the integrated construction of 
insulation, structure and template. The electric geothermal heating system is chosen as the 
heating system to reduce heating energy consumption in winter (Figure 19). 

In the construction organization stage, the construction process consists of three main 
stages. The construction organization mainly focuses on promoting of building techniques 
and generalizing of the self-construction model. The self-construction model encourages the 
local government to be responsible for the organization and promotion, professionals for 
leading technical support, and residents for participating in construction of their own accord. 
Finally, it took about 4 months to complete the residential construction (Figure 20). 

 
 

Figure.18 The residential pattern conversion 
 (Source: Author). 

Figure.19 The prefabricated light-wood 
structure system (Source: Author). 

 
Figure.20 The construction process of demonstration residence (Source: Author). 

In the testing stage, one traditional residential house in the same village was selected for 
comparison. During a seven-day testing in January which is the coldest month of the year, 
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the room temperature and energy consumption were analyzed and compared of the 
demonstration residence and comparative residence. It is found that the average 
temperature and thermal stability of the demonstration residence are better than those of the 
contrast residence (Figure 21). Otherwise, it is confirmed that the energy consumption of the 
demonstration residence is less than that of the comparison residence, with the total average 
energy-saving ratio being 35.8% (Figure 22). 

  
Figure.21 Comparison of average Indoor and 
outdoor temperature (Source: Author). 

Figure.22 Comparison of daily energy 
consumption (Source: Author). 

5. Discussion and Improvement 

Based on the serial process of theoretical research, field investigation, systematic modeling 
and empirical research, this paper makes a relatively systematic study on the resilient village 
in forest areas of severe cold regions. The period of empirical research is relatively long, and 
the procedures are relatively complex and dynamic, according to the construction situation.  
So far, part of the village renovation plan has been completed, and the demonstration 
residence has been basically completed. Although there are still some disadvantages, the 
positive impact of the empirical project to Shanhe Village cannot be ignored, especially in 
aspects of society, economy, ecology and technology, which has promoted the resilience 
concept to the surrounding area as a demonstration. 

By comparing the results of the empirical research with the system model of the resilient 
village, it is found that the resilient village system needs to be improved and revised in some 
aspects. For example, in the ecological aspects, it is found that local residents' awareness of 
environmental protection needs to be improved through systematic demonstration, and the 
proportion of science popularization should be increased in the ecological part of the resilient 
village system. In the social aspect, the system of the resilient villages need to be constantly 
revised and updated, according to the situation in the construction process. Therefore, the 
work handover of key participants needs to be properly implemented to prevent deviation 
from the initial target. In the technical aspect, the demonstration residence have a good 
guiding role for the reconstruction of endangered residence and the reformation of wooden 
residence. But the guidance for the reformation of general brick-concrete-structured 
residence still needs to be improved. 

6. Conclusion 

From the overall perspective, the resilient village is an systematic and dynamic concept for 
coping with climate change and improving the comprehensive ability of villages. For the 
villages in forest areas of severe cold region of China, it is necessary to carry out rational 
renovation planning and residential design under the guidance of resilient concepts, which 
also requires multi professional knowledge, support from various sides, and long-term efforts. 
At present, the resilient village system constructed in this paper is at the initial stage of 
deepening research, including qualitative research, preliminary quantitative research and 
empirical research. In the future, it will be a meaningful development direction to quantitative 
the index and to build a comprehensive evaluation system. Moreover, adhering to the 
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resilient concepts, it is also of theoretical significance and application value to carry out the 
research on the expansion of the resilient village for other rural areas in special climate and 
ecological areas  
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