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ABSTRACT

Water adaptive landscape is a typical regional
complex formed by mutual adaptation between
humans and water systems. As a subfield of
adaptation research in the context of global
changes, research on water adaptive landscapes
emphasizes the combination of research
perspectives and methods on water, adaptation,
and landscape. This paper first reviews the
concepts of “adaptation” in related disciplines,
summarizes the primary attributes of adaptation,
and puts forward a definition and research scope
of water adaptive landscape. While pointing out
that research on water adaptive landscapes mainly
studies the processes, capacities, and strategies
of relevant spatial forms and behavioral patterns,
it also presents the research progress and
achievements in the experience of spatial patterns
and construction, evaluation, and narrative analysis,
before proposing a research framework of water
adaptive landscape by focusing on Mentougou
District of Beijing. Finally, it offers prospects

for future study from the aspects of research
framework, quantitative methods, social cognition,
and feasibility.

KEYWORDS

Water Adaptive Landscape; Water; Adaptation;
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1 Introduction

The term “water adaptive landscape” is derived from the
concept of adaptation. Since 2001, the Intergovernmental Panel
on Climate Change has published six assessment reports, which
hold that adaptation is “the process of adjustment to actual
or expected climate and its effects,” and “in human systems,
adaptation seeks to moderate or avoid harm or exploit beneficial
opportunities.”" Based on such understanding, water adaptation
can be briefly referred as the adjustment process of water system
to actual or expected climate and its effects. It is also defined
by Chinese scholars, from the perspective of human beings, as
a systematic process of continuous learning and adjustment to
environmental changes for the improvement of planning and
management strategies of water resources””. Different from
research on water adaptation in the fields of Biology, Climate
Science, Geography, Ecology, and Political Economics, research
on water adaptation in Landscape Architecture that focuses on
the regional territory where the process happens, the interaction
pattern between people and water, and the form of landscape
appearance represents a subfield of research on adaptation
through studies of relevant elements.

This paper reflects its research significance twofold:
First, it studies the objects with interdisciplinary importance
from Landscape Architecture perspective by combining with
(Landscape) Ecology, (Landscape) Hydrology, Rural Geography,
and other related disciplines, to explore and build a research
framework for water adaptive landscape. This would not
only fill in the gaps in both the theory and the practice of
water ecosystem improvement on water adaptive landscapes
in traditional rural areas of China, but also promote the
understanding and research on regional water landscape systems
in the theory and practice of rural vitalization. Second, as an
outcome of long-term human-environment interaction, water
adaptive landscape in rural China is an important component
of Chinese vernacular culture, and a targeted, systematic study
will further enhance regional cultural identities in rural China,

providing new ideas for its protection and development.

2 The Definition and Research Scope of Water Adaptive
Landscapes

The concept of adaptation, referring to the biochemical and
behavior characteristics of individual living beings after a long-
term evolution that supports species reproduction multiply in
a certain environment”, was first developed by biologists in

research on biological phenotypes of organisms’ evolution'”
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HHRIER (RiR: &
EZ@E91)

1. Research framework
on adaptation proposed
by Barry Smit (source:
Ref. [9])

and later widely applied in the fields of Sociology, Geosciences,
(Landscape) Ecology, Climatology, etc. Sociologists hold that
adaptation, under human selection and intervention, is the
outcome of cultural practice in dynamics”’; in Geography,
theories of adaption are developed to estimate the impact

of global environmental changes on natural ecosystems and
human societies, by assessing human measures for adaptation'®;
in (Landscape) Ecology, adaptation refers to changing
characteristics of landscapes, as mosaics on land, in types,
components, and hierarchies in different time / space dimensions
at varied levels to maintain their major functions against the
background of global changes'”; adaptation in Climatology
refers mainly to the response of natural or human systems to
actual or expected climatic stimuli with positive or negative
impacts”®’. In the sphere of Climatology, in 1999 Barry Smit first
proposed a framework for systematically defining adaptation
and the three major components”!'” (Fig. 1): 1) objects of
adaptation, i.e., “adaptation to what,” can be climate-related
stimuli or non-climate forces and conditions, the existing or

possible responses to which can be both adverse and active;
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2) subjects of adaptation, i.e., “who or what adapts,” include
natural ecosystems and human societies, as well as associated
practices, processes, and structures; 3) the process of adaptation,

i.e., “how does the adaptation occur,” including autonomous

adaptation and planned adaptation",

Adaptation, though, is interpreted variously from different
disciplinary perspectives, common views and interests are seen
among such research in aspects as follows:

1) System: such studies all emphasize systematic adjustment
to reduce vulnerabilities, so as to improve resilience to
environmental and climate changes;

2) Process: for both individual living beings and landscape
systems, adapting to environmental changes is the outcome of
long-term human-nature interaction, which is characterized
with staged evolutions in a dynamic adaptive process and get
adjusted according to expected management — this means that
such research focuses on the responding process, rather than the
results;

3) Space: the occurrence, evaluation, and prediction of
adaptation associate with the spatial scale and physical territory
where the subject of adaptation exists from district, regional to
national;

4) Behavior: the strategies and methods of adaptation.

As above, adaptation research examines adaptation
processes through systematic analysis and adjustment, focusing
on spatial or behavioral characteristics and covering the subjects
and objects of adaptation, as well as the processes of adaptation;
water adaptation is a sub-field of adaptation research that
basically explores water systems as both the subjects and objects
of adaptation. Study of water adaptive landscapes highlights
the combination between adaptation research and landscape
research, providing a basis for the further development of
adaptation strategies and methods. Before defining the concept
of water adaptive landscapes, it is necessary to clarify the
denotation of “landscape” here.

The term “landscape” has been comprehensively studied and
interpreted. Here, a concise definition from John Brinckerhoff
Jackson’s Discovering the Vernacular Landscape is adopted that
a landscape is “a composition of man-made or man-modified
spaces to serve as infrastructure or background for our collective
existence.”"”! Jackson’s idea basically decomposes landscapes as
a combination of spatial elements and human activities through
an anthropogeographical lens, while emphasizing the physical
attributes of landscapes instead of purely aesthetic features.
This means that water adaptive landscapes are not simply about
waterscapes with aesthetic values — It is extremely important
to comprehend. Based on this, landscapes can be considered
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geographical, historical, cultural, vernacular, changing,
progressive, continuous, and systematic... which reveals that
adaptation more accompanies less-aesthetic-associated attributes
of landscapes. Therefore, bridging with landscape research
requires an emphasis on the adaptive spatial forms and evolving
laws, so as to stress the interests and values of this combination.

In this paper, water adaptive landscape is defined as a typical
regional complex formed by mutual adaptation between humans
and water systems; research on water adaptive landscapes
mainly studies the processes, capacities, and strategies of
relevant spatial forms and behavioral patterns.

3 The Progress and Major Achievements of Research on
Water Adaptive Landscapes

Existing studies on water adaptive landscapes in China
and abroad can be summarized into empirical analysis of
spatial patterns and construction of water adaptive landscapes,
evaluation of water adaptive landscapes, and narrative analysis

of water adaptive landscapes.

3.1 Empirical Analysis of Spatial Patterns and Construction of
Water Adaptive Landscapes

Basically, such research applies the perspectives and methods
of landscape spatial pattern studies into the exploration of
evolving laws and mechanisms of water systems. It includes
research on landscape patterns and their evolution at watershed
scale and the one on spatial patterns of water systems at city
scale, both of which emphasize the integration of all kinds of
natural and cultural elements in the systems as a whole.

Studying and building ecologically sustainable landscape
patterns of watersheds is one of the current and future research

', Quantitative

interests on watershed integrated managemen
analyses of variation characteristics of landscape patterns are
often used, based on watershed-scaled remote sensing images
and landscape typological maps in different time periods,
through calculation of landscape indexes and evaluation

of ecosystem services'"”!"*!. This helps further identify the
correlations between variations in landscape patterns and
impact factors such as runoff!"”, economic values of watershed

111 correlations between spatial distributions of fauna

[17]

ecology

and flora habitats with hydrographic processes' ", watershed

hydrographic circulation processes'®

, etc.

Research on spatial patterns of water systems at city scale
mainly focuses on specific water systems in urban / rural areas
and usually adopts qualitative analyses on the characteristics

of relations between water system patterns and urban / rural
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construction patterns in different time periods'”*"),

components of water adaptive landscapes at varied scales, and
operation mechanisms of typical water adaptive landscapes in

different types of climate'"*’l,

3.2 Evaluation of Water Adaptive Landscapes

The evaluation and prediction of adaptive capacity
and tendency of the whole systems and different sorts of
components is one of the most important aspects in research
on adaptation and water adaptation. There are two major
models in application: context-driven and decision matrix.

The context-driven model is the mostly-applied method
in research on adaptation, which follows a series of steps:

1) problems finding (identifying study area and contents, as
well as relevant agencies); 2) selection of evaluation method
suitable for most issues; 3) test method selection and sensitivity
analysis; 4) selection and application of climate change
scenarios; 5) evaluation of the impacts on organisms, natural
ecosystems, and socio-economic systems; 6) evaluation on
existing spontaneous adjustment measures; and 7) evaluation
on adaptive strategies" .

Decision matrix model often relies on the application of
adaptation decision matrixes with Excel or Lotus to develop
evaluation criteria according to the objects and goals, which
are weighted based on researcher’s empirical knowledge in
further analyses. For instance, targeting the semi-arid irrigation
farming ecosystems in Kenya, Paul McCord et al. analyzed and
worked out the factors to the regional irrigation systems that
would impact the application of climate adaptive strategies,
which were further assessed with a logistic regression model.
Through qualitative document analysis and with manual
integrated scoring standards, Uche T. Okpara et al. analyzed
the Lake Chad basin in Africa and reviewed relevant cross-
boundary policies and intervention documents in order to
map out governance methods that integrate goals in climate
adaptation, water remediation, and conflict management'”’',

The application of these two models is supported
with relevant hydrologic modeling tools in evaluation and
decision-making of adaptation. For example, the Tools for
Environmental Assessment and Management launched by
the Environmental Protection Agency of the United Nation
is a simple decision support system applicable to assessing
climate change impacts on water resources, coastal areas, and
agricultural activities, as well as associated adaptive measures,
through approaches of diagrams and man-machine interaction,
with aid of multi-criteria and multi-standard decision-making
techniques"®. Besides, Integrated Urban Water Management,
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developed by Global Water Partnership, is an integrated
management system in urban water supply, rainwater and
waste water treatment, and public health, so as to maximize
the sustainability in economy, society, and environment’’,
Scholars have applied it into water vulnerability analyses in
land use changes, water quality and hydrology, rivers and
floods, urban drainage systems, wetlands, ecosystems, social

vulnerability, etc.”®

3.3 Narrative Analysis of Water Adaptive Landscapes
Narrative analysis of landscapes is a representative
method in studies of adaptation in Anthropological
Sociology™. Landscape narrative, originated from the
theoretical study and design practice of spatial narratives

TSR E R

Establishment of evaluation indicator system

in the 1980s, considers movements of events a driving

force of the generation and evolution of landscapes, where

narrative is a basic method to gain experience and form
‘ .Z5154%% Morphological criteria ‘*{ 17 4464% Behavioral criteria ‘ understanding Of landscapesm]. In relevant research on
v v water adaptive landscapes, it has been mostly applied by

B4 MiER Spontaneous adaptation it%4iER Planned adaptation

‘ ‘ combining literature review and interviews about regional

: knowledge and experience. For example, Vera Kopsel
ER MY Adaptive trends

ER MR Adaptive limits ‘

v
ER MM Adaptive strategies
|

and Cormac Walsh analyzed how professionals from

different fields and stakeholders perceive and understand

v y N Y y the same coastal landscapes, based on theories on social
SR e HARSH HERRE INEE - ) -
Spatial Function Technical Institutional Public = constructivism landscapes and through in-depth qualitative
pattern integration principles guarantee participation o

2 landscape narratives and interviews about their perceptions,
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to provide references for landscape management in climate
adaptation”. Mir Rabiul Islam et al. summarized the
locals’ perceptions and traditional experience of floods in
Bangladesh and its environs in terms of flood control, social
network, and varied income, by means of literature review

and in-depth interviews" ",

3.4 Summary

1) Overall, current studies on water adaptive landscapes
are inadequate, which lack systematic, holistic understanding
on basic topics such as the definitions of adaptation concepts,
research perspectives and methods in the original disciplinary
fields, and research categories applied in existing discipline
system of Landscape Architecture, and cannot embody
the significance of the research combination of “water,”
“adaptation,” and “landscapes.”

2) In terms of research contents, research perspectives and
methods of water adaptation highly correlate with research
on adaptation, and the existing research is dominated by
individual case studies at larger scales. Current studies in
China mainly lay emphasis on the analysis of landscape
patterns and elements and relevant empirical studies, while
studies among international academia focus more on
evaluation and prediction analyses by employing research
methods from adaptation studies.

3) As for research methods, since adaptation research is
characterized by uncertainty during the adaptive processes,
it necessitates the combination between quantitative study
and qualitative study, and between data interpretation and
ecological thinking. This means the focus and aim of research
should not be generating static quantitative results, but
examining the functional performance of the studied objects
and their capability to a more efficient, more steady, and
long-lasting development."”

4 A Research Framework on Water Adaptive
Landscapes

Here, an attempt is made to build a research framework
on water adaptive landscapes (Fig. 2): by focusing on
Mentougou District in the western area of Beijing, this study
establishes a database of water adaptive landscapes, examines
the adaptive processes, and evaluates the adaptive capacity.
Specifically, it extracts, categorizes, and analyzes elements
of water adaptive landscapes; studies the water adaptive
morphologies and behaviors; identifies water adaptive trends
and constraints; and develops water adaptive strategies.
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4.1 Establishment of Database of Water Adaptive Landscapes
Basically, the building of a database of water adaptive
landscapes is to extract and categorize adaptive objects
within a typical regional environment (i.e., to determine
“adaptation to what”). The objects can be categorized
into climatic and non-climatic factors: the former
includes time / space data of floods, droughts, landslides,
and mudslides caused by climate changes and the effects,
and the latter involves time / space data of irrigation, water
pollution, water and soil loss, institutions of water right,
etc. impacted by human activities. The process attribute of
adaptation makes data collection cover both the changes
in extreme and ordinary climate conditions. Preliminary
data can be acquired through literature review, field study,
and collection and analysis of topographic graphic data,
which is then processed in accordance with specific scientific
criteria and sorted out by time / space structure, to support
subsequent analysis and application of adaptation.

4.2 Examination of Adaptive Processes

As mentioned above, the forms and actions of adaptation
are results on a certain stage in a dynamic changing process.
At this point, the analysis of adaptive processes should
highlight holistic contextual research, both historical and
present (i.e., to identify “who or what adapts”). This section
examines the morphologies and behaviors of water adaptive
landscapes.

4.2.1 Morphologies of Water Adaptive Landscapes
Morphologies of water adaptive landscapes can be
studied by system and element, corresponding to the research
on the morphological layout of the whole system and its
subsystems, and research on the morphological structure
of a single typical element. Overall, the study area sees a
morphology of a mountainous valley agricultural landscape
system that is commonly found in north China, and its
subsystems of water adaptive landscapes range from valleys,
floodplains, basins to farmland irrigation systems, ponds,
dams, and reservoirs, each forming a network of its landscape
elements. This research should focus on the evolutionary
characteristics and patterns of the morphological layouts
across time scales. At the same time, each typical component
of the landscape systems — including natural rivers and
streams, mountain ravines, ponds, villages, farmlands,
terraced fields, silt land, ditches, reservoirs, and wells — can
be studied by morphology, category, structural features, and
evolution patterns (Table 1, Fig. 3).
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Table 1: Typical elements of water adaptative landscape systems in the study area

HRKRGHR
Typical categories of
water systems

HEVKRFER
Typical elements of
water systems

RS

Representative villages

LSRN
Typical appearances

Natural resource

FIEHMA, FREN. FAOR. TREN. BT

TiE IER)
River East- / West-Hulin Village, Fujiatai Village, Qingbaikou
Village, Dingjiatan Village, and Yanhecheng Village
FEREN. BN, EEN. . BN AR,
S ETFKK
Stream West-Damo Village, Qinglongjian Village, Jiuyuan
Village, Xincun Village, Fengcun Village, Goujian
Village, and Weizishui Village
s EIFESH. ME. REH. B

Mountain ravine

Upper- / Lower-Weidian Village, Baiyu Village, Yubai
Village, and Yingtaogou Village

RE/ARE

Farmland / terraced fields

EESH. BAN. REAEN. REHEN. REOEH
B3 25)

Upper-Weidian Village, Huangtai Village, Huangling-
West Village, Huantugui Village, Tianqiaofu Village,
and Wangpo Village

FREN. EEGH. RKH. REFEEN. BRER

iR Lijiazhuang Village, Upper-Weidian Village, Lingshui
Pond Village, Tiangiaofu Village, and Zhaojiawa Village
[T S
Human living and production
KoK =REN. BRAN. RahEN. BN
7. Sanjiadian Village, Fujiatai Village, East-Shiguyan
Ditch Village, and Sangyu Village
K BEN. RKN. DN
Well Jieshi Village, Lingshui Village, and Malan Village
. BN . EREN. RAN. S8K
Epses K %%’H\ SN, BIOEN. REN. BEH.
Flood retention and disaster Resenvoir $¥7J<H. ) . ) )
prevention Zhuwo Village, Gaopu Village, Lujiatan Village, Yubai

Village, Gaotai Village, and Weizishui Village
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4.2.2 Behaviors of Water Adaptive Landscapes

Behaviors of water adaptive landscapes refers to humans’
behavioral patterns in the treatment, use, management, and
governance of water, which are the inner driving factors defining
the spatial forms of adaptation and significantly guarantees the
functional running and adaptive performance of water systems
and related elements. Such behaviors can be studied from
perspectives of conceptual cognition, institutional management,
engineering technique, and cultural custom. Adaptation in the
conceptual cognition dimension includes people’s understanding
of environmental changes, existing water adaptive behaviors,
and the behaviors that will impact the adaptive performance of
future landscape systems. At the level of institutional management,
adaptation is to improve the efficiency of water-use with economic
and financial approaches, or legal and organizational reforms"”.
Adaptation on engineering technique refers to the behaviors
guaranteeing the functional operation of the elements of water
adaptive landscapes with engineering technical measures and
processes. Adaptation on cultural custom covers all kinds of
culture practices that improve the harmony between human
and water”", The examination of behavioral processes of water
adaptive landscapes should be a full-level and -stage study that
highlights the effects and impacts of human activities on the forms
of landscapes and associated adaptive actions.

In terms of the study area, first, the history of human
settlements in Mentougou traced back to about 10,000 years ago
when the East-Hulin people started to occupy the Qingshui River
Valley""'. Human activities of living, production, and defense
had gradually and continuously shaped the water environment;
meanwhile, early local water adaptive behaviors were found in
this area, which should be included in the research. Secondly, the
Yongding River flooded periodically in history, causing severe
damage to its lower reaches; while, the open plains in the west
of Beijing have a great demand of water and historically the
Yongding River has acted as a water source for irrigation and

transportation

, meaning that the management and irrigation
projects of the river should be reflected in the research. Thirdly,
the dramatically-shaped ravines and valleys of the mountains in
Mentougou are vulnerable to flash floods and lack surface water
resources in most parts, especially the remote mountainous area in
the west"*®, Hence, the research is expected to include the adaptive
behaviors of conservation of soil and water, flood control, and

water storage in mountainous regions.
4.3 Evaluation on Adaptive Capacity

An evaluation of adaptive capacity should be a qualitative and
quantitative study on the adaptive functions and performance of
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the above interests in current and predicted scenarios, and the
research findings should offer answers to the question of “how
does adaptation occur.” An evaluation includes selection of
indicator criteria, evaluation on the capacity of spontaneous and
planned adaptation, and development of adaptive strategies.

4.3.1 Selection of Indicator Criteria

Different from the water environmental problems encountered
in plains, the major problems in mountainous rural areas
are the control of massive torrential runoff and the uneven
spatiotemporal distribution of water resources. The evaluation
indicator criteria of most existing studies are selected under

B7I581 which, however,

theories of Ecology and landscape aesthetics
usually could not work well through planning and design
approaches because of the lack of targeted and feasible indicator
criteria to mountainous environment. Therefore, based on the
categories in the examination of adaptive processes, the indicators
selected in this paper include morphological and behavioral
criteria.

Morphological indicators should be selected with spatial
considerations, including:

1) Flood discharge surface volume of ravines: the study area is
characterized by its terrain of mountainous ravines, where a larger
flood discharge surface volume means a stronger adaptation to
massive torrential instantaneous runoff;

2) Morphology of waterfronts: it covers all kinds of
waterways within the water systems of the Yongding River and
the Qingshui River in the study area. In upper reaches the more
winding and zigzagging the morphology of a waterfront is, the
higher water resistance it has, while that in lower ones the more
straight, the higher efficiency of runoff regulation it has;

3) Permeability of waterway bottoms and banks: the higher
the (natural / constructed) permeability is, the better the effect of
flood control and drought relief will be, without impact on the
safety of flood discharge structure;

4) Width of vegetation buffer in waterfronts: a great number
of research findings prove that vegetation buffers of no less than
30 meters in width can effectively prevent water and soil loss
while helping filter pollutants and improving the downstream
stability"”;

5) Water resistance of slopes: slope is the main surface of
runoff in mountainous areas; a higher water resistance would
help reduce runoff, facilitate infiltration of runoff, and mitigate
water and soil loss and risks of landslides and mudslides;

6) Connectivity of water systems: it includes structural and
hydraulic connectivity'”, the higher the connectivity is, the safer

a water system will be;
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7) The number of reservoirs and ponds: by suitably
increasing the number of reservoirs and ponds along runoff
paths, the efficiency of runoff regulation can be improved™",
and the supply volume of water for daily and dry-season can
be increased.

Behavioral indicators should be selected to evaluate the
people / agencies in geomorphologically different regions as
follows:

1) The status quo, assess, and reaction of residents of
cognition of water adaptation;

2) Policies and actions of adaptation adopted in the
management and development of water resources;

3) Construction and regular maintenance of water
conservancy facilities;

4) Collection and utilization of rainwater in daily life and
production;

5) The discharge and control of pollutants in daily life and
production.

4.3.2 Evaluation on the Capacity of Spontaneous and Planned
Adaptation

Based on the selection of indicator criteria and combined
with research methods such as ArcGIS spatial analysis,
scenario and experiential decision-making, logistic regression
model, and landscape narratives, this step evaluates the
morphologies and behaviors of adaptation in different
scenarios. Spontaneous adaptation refers to systems’ natural
adjustments to the impact of climate changes; planned
adaptation refers to humans’ programed actions according
to their cognition of past, present, and potential situations,
as well as possible outcomes of associated actions. Planned
adaptation not only needs to effectively predict global
changes and possible impacts, but also develop sound adaptive
strategies and employ efficient economic and technical
guarantee measures'' ',

Studies of evaluation of adaptive capacity among different
disciplines all emphasize the complexity and uncertainty
of research objects in structure and function; in the field
of Biology, reversibility and finiteness are the two mostly
important dimensions in adaptation studies, the former
stressing that some morphological and biological changes
are reversible while the later emphasizing that limits exist in
morphology and behavior of adaptation. As the process and
changing trend of adaptation are difficult to quantify and often

[33][42]

show non-linear characteristics , it is important to identify

[44]

adaptation constraints'® / limits'** in processes of adaptation,

which have an influence on adaptive performance.
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4.3.3 Development of Adaptive Strategies

This is the final step and the objective of evaluation of adaptive
capacity, which is to identify adaptation constraints / limits through
quantitative and qualitative research, and develop targeted
solutions and improvement strategies, so as to strengthen the
adaptive capacity of studied objects. In terms of the study area
in this paper, it involves the following aspects:

1) Optimization of spatial patterns of water adaptive
landscapes: considering the ravines and waterways in the
mountainous setting, multileveled water adaptive spatial
structures (catchment corridors, water retention corridors and
wetlands, etc.) should be introduced along key runoff paths to
ensure the safety of the water environment at a macro scale;

2) Function integration: according to the status quo of the
protection and development of local traditional villages, water
adaptive landscapes should be integrated with opportunities in
heritage preservation, recreation, and productive tourism, to
make the adaptive process and result meet the needs of socio-
economic development, environmental improvement, and living
standards upgrading;

3) Technical principles: specific design strategies and
engineering measures should be devised according to different
scenarios in runoff regulation, rainwater and flood control, and
water quality improvement;

4) Institutional guarantee: plans on improving current
policies and management modes can be presented, to ensure the
implementation and performance of adaptation through top-
down approaches;

5) Public participation: community platforms should
be built through which the government, villagers, research
institutions, and enterprises can coordinate in a more efficient
way to promote public cognition and practice of water adaptive
landscapes.

5 Conclusions and Prospects

1) Research on water adaptive landscapes needs more
efforts in the construction of a more systematic and subdivided
interdisciplinary research framework. Since the research
covers cognition, spatial patterns, landscape elements and
behaviors, water culture and history, and adaptive management
of adaptation and landscapes in different time periods and
geomorphological regions, multiple disciplinary perspectives
would offer it great potential to become an emerging research
field, yet the development of research depends on the wholeness
and guidance of the research framework. Currently, studies in
different fields show an increasingly obvious interdisciplinarity,
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which requires the development of research framework to
establish common, holistic cognition and combine various
research outlooks. At the same time, the research framework
needs to avoid overbroad and ambiguity contents.

2) Research on water adaptive landscapes needs more efforts
in the development and application of scientific quantitative
methods. Quantitative research is key in studying adaptation,
especially in the evaluation and prediction of adaptation,
involving the selection of indicator criteria, identification of
impact factors, spatiotemporal data interpretation and precision
verification of results through evaluation models in static and
dynamic evaluation, etc.'’ Existing methods of quantitative
analysis of adaptation fail to support the scientific study of the
complexity and uncertainty of water adaptation. For example,
the scoring in the decision matrix model largely depends on
researchers’ individual knowledge, compromising the reliability
of results. In the future, it is important to strengthen the
development of scientific and targeted quantitative research
methods.

3) Research on water adaptive landscapes needs more efforts
in cognition promotion among professionalism and the public.
The research is built on the combination of adaptation and
landscapes. Though both of them have been widely studied in
respective disciplines and general conceptual understanding has
been shaped, water adaptive landscapes and the research scope
have not been clearly defined with interdisciplinary concerns.
Representative studies with “water adaptive landscapes” or
similar topics are seldom seen in international academia. Such
limitations of cognition also lead to today’s poor cognition on
water adaptive landscapes and relevant research among the
public, as well as the less application of research results and
a low level of public participation. It is necessary to enhance
cognition through disciplinary construction and specific
methods to educate government agencies, research institutions,
social organizations, and the public, so as to broaden the social
influence of research on water adaptive landscapes.

4) Research on water adaptive landscapes needs more efforts
in enhancing the feasibility and guidance of research findings
in practice. The final objective of research on adaptation is to
develop adaptive strategies, so as to help improve the adaptive
capacity of studied objects. Existing studies on adaptation and
water adaptation mostly draw conclusions about empirical
summary, adaptation evaluation, identification of impact
factors, and prediction of adaptation trends, but provide no
further discussion on development of adaptive strategies in
spatial planning, institutional establishment, guidance on
behavioral patterns, and guidelines on adaptive practice. Water
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