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Abstract
Climate change is one of the greatest challenges with widest scale, most extensive, far-reaching influence humanity confronting with so far. Developing countries with their relatively less advanced capacity building in terms of climate adaptation are tend to be more vulnerable in dealing with negative effects posed by climate change; among which, agricultural ecosystem in minority areas is destined to be the most unstable sector as it is least accessible to modern farming technologies.  

Nevertheless, Hani terraced paddy fields agro-ecosystem which have been preserved and managed by local peoples on the basis of traditional agricultural practices and ethnic customary laws have successfully withstood the severest drought of the past 60 years in southwest part of China in 2010, while most part of the regions’ agricultural production was devastated by this once-in-a-century severe drought. Hani terraced paddy fields agro-ecosystem stands out as an outstanding example in coping with dramatic climatic disturbances, as it continuously sustained sufficient amount of water storage that guaranteed relatively stable level of production only with slightly decline compare with corresponding periods when environmental conditions were much more favorable. 

We conducted an investigation in Yuan Yang County which located in Honghe Prefecture, Yunnan province shortly after the severe drought. The results indicate that the underlying reasons contributed to Hani terraced fields’ successfully coping with extreme drought lies in its integrated balanced ecosystem, which is composed by four elemental sub-ecosystems, namely, forests sub-ecosystem, villages sub-ecosystem, terraces sub-ecosystem and rivers sub-ecosystem. The interactions among four sub-ecosystems and their dynamic balanced integration as ecological complexes enable Hani terraces to provide ecological as well as social functions to local peoples.  

Our findings also suggest that it is difficult to overemphasize the importance of traditional knowledge and community-based approaches to climatic extremities preparedness and response; the importance to capitalize on, develop, expand and mainstream traditional adaptation measures into formal adaptation strategies; meanwhile, traditional knowledge should be further studied, supported and integrated into future policy making, so as to help to reduce the vulnerability of local society to changes and variations in the climate system.
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1. Introduction  
The problem of climate change is one of the greatest challenges with widest scale, most extensive, far-reaching influence humanity confronting with so far. It is as well as one of the most important factors which have impact on world economy and social development in the future [1]; great concerns have thus been paid by international society, governments, scientists as well as the public. Climate change mainly represented in the changes of temperature, changes in precipitation patterns, the frequency and severity of climatic extremities’ increment, etc [2-3]. During last few years, there was an increased frequency and intensity of extreme weather events worldwide, which brought about the challenge in better response to extreme climatic extremities. Developing countries with their relatively less advanced development status are tend to be more vulnerable to extreme climatic extremes, the frequency and intensity of partial climatic extremities and disasters are likely to be increased by under climate change in the meanwhile[4-5]. As indicated in China’s National Assessment Report on Climate Change, climate change will continue to threaten China’s natural ecosystem and social economic system, pose significant impact on agriculture, animal husbandry, water resources supplies and demands in particular [6-7]. Agricultural sector is the one will be most negatively affected by natural hazards amongst national economies; climate change will without doubt pose significant impact on China’s agriculture, and will seriously affect China’s food security [8]. Minority regions in China due to their less advanced social and economic development situation, vulnerable ecological environment, agriculture in such areas are tend to be more vulnerable in resilient to climatic extremities triggered by climate change.
There was a severe drought of the past 60 years took place in southwest part of China in 2010. The total amount of precipitation of the five provinces located in southwest dropped by more than 50% compare with the past corresponding period, some region even declined by more than 70%, approached or reached the historic extreme. Water supply from major rivers of the five provinces in southwest dropped by 30%-80%, amongst which, supplies from Jinsha River, Nanpan River, Red river, Mekong and Irrawaddy River within the territory of Yunnan province reached the historic minimum [9]. Yields of agricultural production has been seriously affected by this once-in-a-contrary drought, the affected areas in Guangaxi, Chongqing, Sichuan, Guizhou and Yunnan totaled up to 5.03×106 ha, wiped out areas amounted to 1.12×106 ha., economic losses directly caused by the draught reached RMB 23.66 billion [10]. Nevertheless, Hani terraced fields in Yuanyang county of Yunnan province only slightly affected by the drought, it sustained continuous sufficient amount of water storage, which makes it an exception while most part of the region’s agricultural production devastated by the severe drought. Reasons contributed to Hani terraced fields’ successfully coping with extreme drought lies in its complete ecosystem, effective water management and utilization, favorable forest protection and management, traditional knowledge of Hani People accumulated from their thousands of years of farming practices which well adapted to mountainous agriculture.  
Traditional knowledge related to agricultural production will strengthen the adaptive capability in response to climate change [11]. Related studies devoted to Hani terraced fields complex ecosystem in coping with climate change stands valuable reference to global eco-agriculture construction, stabilize agriculture production in the context of climate change, increased frequency of climatic extremities. Furthermore, identify the unique role of traditional knowledge of minorities led by Hani ethnic group in tackling with climatic extremities will confer positive significance in steering minority regions resilient to climate change effectively, so as to facilitate preservation and heritage of minorities’ traditional knowledge to certain extent.  
2. Overview of Hani Terrace
Yuan yang county lies at an altitude ranging from 140 along the Red River up to nearly 3000 meters above sea level in the Ailao mountains and is situated about 50 km north of the border with Vietnam. It covers an area of 2200 square kilometers and has a population of approximately 365,000 (2002), of which 88% belong to ethnic minorities and 95% is associated with agriculture. The majority of the inhabitants of the county are from the Hani ethnic group. 
The climate of Yuan Yang County is mainly central sub-tropical monsoon with wet summers and dry winters. Average temperatures range from 26 Celsius down in the Red river valley to 4 Celsius in the upper reaches of the mountains.
Hani terraced fields mainly distribute in southern part of Yunnan province, along Ailao Mountain, Yuanjiang basin, cover an area of 40,000 ha. The terrace landscape has been created and maintained together by Hani, Yi and other ethnic peoples living in this region, its history could date back to 1, 300 years ago. The terraced fields are built on the slopes with elevation ranging from 144m to 2,000m, with inclination between 15～75°. Forest, terraced fields, villages, rivers distributed in proper sequence, with significant vertical distribution characteristics [12]. The “four elemental (forest-village-terraced field-river) structure”, co-formed the complex agricultural ecosystem [13], enables it in the interest of sustaining favorable water and soil condition, beneficial to plowing and crop yields increasing. Studies revealed that the farming practices of Hani terraced fields proved to be the utmost efficient farming pattern amongst conventional mountain farming systems [14].
It has been proved repeatedly that Hani terraces agro-ecosystem could protect mountainous ecological environment, realize sustainable development of the ecosystem while providing basic needs for human beings. In the meanwhile, terraced fields culture which centered by terraced paddy fields farming has been evolved as the core of Hani People’s culture and their spiritual symbol.

Hani terrace is the cultural and landscape heritage of humankind; it exemplifies perfect combination of human beings and nature; it provides response mechanism and resource bases in coping with global change, safeguarding food security [13].
3. Integrated Ecosystem of Hani Terraced Fields
Perfectly functioned Hani terraces complex ecosystem is characterized by complicated structure, which is composed by four elemental components, namely, forests, villages, terraces and rivers. The interactions within four elements and the dynamic integration of each component enable the complex ecosystem continuously sustain favorable ecological function, which confers prerequisite in climate change resilience. 
3.1 Structure and Function of Hani Terrace Complex Ecosystem
Hani terraces complex ecosystem could be divided into four subsystems in terms of structure, namely, forest sub-ecosystem, village sub-ecosystem, terrace sub-ecosystem and river sub-ecosystem. Each sub-ecosystem comprises water source, irrigations channels, fishponds, domestic sewage, manure storage ponds, terraces and rivers, etc. The whole ecosystem has a quite clear forest-village-terrace-river vertical structure (Fig. 3-1) which plays an important role in soil preservation, system stability maintenance [15-16].
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                Fig. 1  Structure of Hani Terrace Complex Ecosystem
Forest sub-ecosystem lies on top of the system, it serves as the core of the whole system with ecological functions including precipitation retention, water resource conservation, and it helps to prevent terraces system from soil erosion, landslides and other natural disasters as well. The abundant water storage maintained by forest secured healthy of complex system by providing sufficient amount of water resource [16], it serves as the fundamental guarantee of sustainable development of Hani terraces; Village sub-ecosystem lies in mid-slopes of the mountain, it serves as an important controlling joint of water resource allocation via water storage and re-allocation; Terraced fields sub-ecosystem lies in lower mid-slopes of the mountain where water resource being made use of；River sub-ecosystem lies in dry hot valley, it serves as a critical factor for water resource cycling utilization due to intensive activities of evaporation and transpiration which contribute significantly to the formation of precipitation in regions with higher elevations. 
3.2 Forest Sub-ecosystem
Forest sub-ecosystem functions as the core of the whole terraced field ecosystem for it provides the most important substance – water source for nurturing whole system. It on one hand supply certain amount of water to the terraces system, it is as well provides a great quantity of humus. Major functions of forest sub-ecosystem falls into: 1) Conserve water resources. Forest effectively regulates spatial and temporal distribution of surface flows; it serves as “green reservoir” through retention and absorption of precipitation as well as surface water. 2) Soil preservation. Forests effectively reduce the intensity of soil erosion, decrease water losses and soil erosion; effectively prevent debris flow, landslide and other geologic hazards through the way of rainfall and surface water interception. 3) Natural repository. Forest being deemed as “natural repository” by Hani People for it provides portable water, firewood, several of edible plants and animals, all sorts of supplies for daily life as well as for production. Favorable food, such as potherb, plants’ flowers and fruits, wild fungus and others collected from forest; furthermore, timber, rattan, grass and other construction materials required for building of their traditional “mushroom house” are all took out of the forest. 
3.3 Village Sub-ecosystem
Villages of Hani People’s are mainly distributed in mid-slopes between forest and terraced paddy fields, featured with temperate climate, favorable living condition that convenient for hunting as well as collecting up the mountain on one hand, also in the interest of irrigation and fertilization management of the terraced fields on the other hand. There are strict criterions set up for village sites selection. It has to be firstly sun facing and on relatively flat ridges, slopes or small concaves scattered within which; secondly, water resource must be guaranteed; thirdly, distribution of dense pristine forest in upper slope is required [17]. Hani People tend to choose areas with sufficient amount of water supply when consider where to settle their villages. Every Hani village will construct water storage pond or well, then set up water conduit bamboo channels intake ravine stream flows down from the mountain for daily use, such as potable water, washing vegetables, clothes, etc. a number of Hani People will leave and build new villages providing that the earlier established village would no longer capable of providing sufficient amount of resources.  This kind of customary practice helps to avoid conflicts and disputes arising out of resource depletion caused by excessive pressure of population. Village sub-ecosystem plays an important role in preservation and development of the whole system for it has the function of regulating other subsystems. The whole complex system has achieved sustainable development under effective management and utilization by Hani People who make good use of their unique terraced paddy fields culture in forests, terraces, and rivers regulation. 
3.4 Terraced Field Sub-ecosystem
Hani terraced field is a dynamic balanced agro-ecosystem that has been managed by Hani People; it is a masterpiece of artificial wetland, exemplary system amongst terraced fields [18]. Terraced field sub-ecosystem is a semi-artificial ecosystem based on terraced field, centered by paddy crops community. Its major function lies in two parts, including soil preservation, materials and energy outputs. As an open system of inputs and outputs, it stays significant interacted relationship with other three subsystems. Hani terraces being constructed along the slopes, there are in turn contributing to soil erosion prevention in mountainous areas, and contribute to soil fertility retention through the way of intercepting the humus of runoffs. Terraced field sub-ecosystem provides food (rice) and energy to village sub-ecosystem, and it provides terraced field plants and animals which could be used as important food, it provides certain amount of livelihood material - straw to the latter as well. 
3.5 River Sub-ecosystem
The major function of river sub-ecosystem is to provide sufficient amount of water resource to higher mountain forested terrain, to realize water circulation by means of intensive evaporation and transpiration. Along Mountain Ailao, Mountain Wuliang region, there are major rivers such like Hong River (also known as Yuanjiang), Babianjiang (also known as Lixianjiang), Mekong and numerous tributaries distributed where Hani terraced fields concentrated around. Within Hong River prefecture alone there are more than 17 tributaries with length above 10 km. [19] The Climate of river valley zone where numerous rivers and tributaries distributed is dry and hot, with highly evaporation and transpiration all year round. Precipitation occurred when certain amount of atmospheric water vapor that out of evaporation and transpiration ascend to mountain forested areas been cooled and condensed. Scientific researches indicated that, precipitation along Mountain Ailao tend to be increased while elevation gained whether during drought or rainy seasons [20]. Take Yuan yang county-core area of Hani terraced fields for instance; foggy days are approximately 180 days a year, relatively humidity reached 85% [21]. Continuous foggy rain caused by water evaporation nurtured other ecosystems, which in turn greatly weakened the impact posed by extreme drought. 
3.6 Water Circulation within Hani Terrace Complex Ecosystem
Irrigation water sources of Hani terraced field complex ecosystem mainly composed by surface runoffs and spring water besides precipitation intercepted by forests. Streams flow into terraced fields from forests, flow though villages from upper layers along with irrigation canals and ditches. Both upper and lower dikes of terraces have water inlets and outlets, excessive water then spill away into lower dikes via conduits all the year round. Water finally flows into Hong River and other Rivers which distributed in dry and hot valleys after layers of terraces were fully irrigated. Continuous misty rainfall occurred when warm air mass out of water vapor evaporation ascend to alpine lower temperature zone, form a myriad of streams and ponds, which will re-moisten the pristine forests, then trigger another round of water circulation (Fig. 3-2). Unique geological environment of “No matter how high the mountain is, water can always ascend to the same height, streams jingling everywhere” being formed along the whole Ailao Mountain region exactly based onto this very water cycling process [17, 22].
By virtue of their intelligence and wisdom as well as creativity, make fully use of the special geological condition, Hani people established numerous thousands of irrigation canals and ditches along sides of forested areas with elevation around 1,900m, channeled streams into villages settled areas with elevation around 1,600m; in the meanwhile, reclaimed layers of terraces along the way from water valley leading to the foot of mountains, then channeled streams flow down to river system along layers of terraces all the year round. Four subsystems are closely integrated by condensed irrigation canals and ditches, forming forest-village-terrace-river harmonious developed complex ecosystem. Water circulation process of Hani terraced fields complex ecosystem has realized the circulation and recycling of water resources, providing sufficient amount of water to ecosystems even under the circumstances of extreme droughts. 
[image: image2.jpg]PRECIPITATION

FOI

&

VILLAGE

TERRACE

ER

1}

EVAPORATION
TRANSPIRATION





Fig. 2   Water Circulation Process of Hani Terraced Field Complex Ecosystem
3.7 Interactions within Subsystems
Materials circulation and Energy Flow among four elemental components deemed as the base of sustainable development of Hani terraced field complex ecosystem (illustrated in Fig. 3-3). Within which, forest sub-ecosystem provides daily life necessities such like sources of water, firewood, plant and animal products, constructional materials, etc. to whole complex system; Terraced fields sub-ecosystem provides food such like paddy rice, fishes, shrimps and cress, it also as well serves as the major source of forage for livestock; Village sub-ecosystem regulates and controls the whole terraces system, maintains stability and development through the way of exporting labor, animal power, other supplemental energy and various technologies to other subsystems [12]; Water resources recycling realized in river valley sub-ecosystem through the process of water accumulation, rainfall formed out of evaporation. The whole system maintains relatively in high level of stability, successively survived from external disturbances such like extreme drought due to above discussed series of complicated interactions. 
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Fig3. Interaction Relationship within Four Subsystems
4. Highly Efficient Water Resource Utilization and Management
The preservation and efficient utilization of water resources play an important role in successfully combating with extreme drought. Hani People are experienced in water resources management and regulation practices including construction and management of irrigation canals and ditches, water allocation system through notched wood (rock), and their awareness of water resource conservation. 
4.1 Construction and Management of Irrigation Aqueducts 
Ailao Mountain where Hani terraced fields are distributed, characterized by its fragmented rock mass geological structure, complex terrain, thus Hani People developed their own unique irrigation system for centuries by establishing canals and ditches, channeling water accumulated by mountain streams [17]. They construct main channels along mountainside with height parallels certain contour, intercept water flowing down from upper forests, erect branch channels with direction vertical to contours, second and tertiary branch canal systems could be built as needed, then relatively complete canal system is eventually finalized [23]. Hani People made use of rather complex canals and ditches, established well-functioned water circulation canal system, eventually channeled water resource stored in upper forests into terraced fields through the way of skillfully integrated streams and terraces, terrace of different layers, terraces and rivers together. 
Efficient methods applied in irrigation ditches management guaranteed smooth function of Hani terraced field irrigation system. Hani People have established a whole system of customary laws and rules concerning construction, landownership and maintenance of ditches, have formed permanent mechanism in ditches management which guaranteed efficient and sustainable utilization of water resources. Materials required for ditches building such like concrete, conduits, steel bars are subsidized by government, while labors mainly sourced from villagers who have benefited or wanted to profit from the terraces system. Specific staff designated by Hani villages to take responsibilities of ditches management, wages paid either in money or food. Overhaul maintenance of irrigation ditches is carried out in every early spring; voluntary labors come from each family who have benefited from the terraces system [24]. Rotation irrigation practice is adopted during dry seasons in order to avoid disputes arising out of water utilization. 
4.2 Notched Wood (Rock) Approach in Water Allocation
The approach of notched wood (rock) in water allocation is an unwritten customary rule generated out of long-term practices of terraced fields farming; it is a pioneering approach in rational allocation of water resources, which could be summarized as following. The amount of water needs to be measured in according to irrigation demand when water channeled from ditches get to each village. Water requirement of each terrace is determined through collective negotiation among villages and households based on acreage of irrigated area and amount of water flow from ditches. The amount of water is measured by a piece of wooden (rock) weir with notched cuts in accordance with water demanded will be placed across the irrigation channel, then water could be automatically channeled into terraced fields successively along ditches in proportion to the amount required. [17,24] As an water allocation rule handed down for generations by Hani People among villages and households, notched wood (rock) approach guaranteed certain amount of irrigation water available even during dry seasons on one hand, it also avoids disputes arising out of inequity in water distribution, safeguards sustainable development of Hani terraced fields on the other hand.
4.3 Awareness of Water Resource Protection
Hani People for centuries hold feeling in awe and veneration in their hearts for great rivers. Water well as the origin of life has always been regarded as clean and sacred. Specific persons have been designated to take care of routine cleanup and maintenance. Hani People and other Peoples who are living in this region will organize certain numbers of sacrifice activities each year in order to show their respect for what nature has to offer to them. Those somehow religious related activities will be chaired by respectful elders of their villages. They will erect bamboo basketry by sides of water ponds after such sacrifice finalized as a sign of the worship has been done; bamboo basketry at the same time used as a warning to prevent water resources from being polluting by villagers as well as visitors. Hani People are in favor of excavating small trenches where terraces are distributed to storage water which will then be used for irrigation. In addition, domestic sewage has been used to fertilize flowers and trees, or simply stored in ponds for later on utilization. 
5. Effective Forest Preservation and Management 
Terraced field is the life of Hani People, while water is the lifeblood of the terraces, when forest is the source of water [23]. Strict protection and efficient management of the forest is another important reason conferring Hani People in successively tackling extreme drought such like severe drought broke out in southwest. Hani People believe in original natural religion that based on the philosophies of animism, formed natural worships such like god worship, soul worship and spirit worship, etc. among which, god worship is the most important one that embodies mainly in valleys, rivers, plants and animals. Hani People categorize forests into four types, namely, water source forest, stocked village god forest, landscape forest and firewood forest, etc. the former two types of forests are protected through religious deification. Besides, Hani People have formulated a series of village rules and customary laws in order to punish activities engaging in deforestation of water resource forests and village holy forests. Every village has its own preserve regulations referring to holy forests. Hani People have fully mastered water conservation tree species’ traits based on thousands years of experience, they prefer to plant tree species with high value in water conservation, such like, Choerospondias axillaris,  Camptotheca acuminata, Ficus microcarpa, Schima wallichii, Alnus glutinosa, etc. Hani People are well aware of the importance of natural resource conservation, forests preservation in particular; that explains why this specific region has quite high forest coverage. Quality water resources provided by forests have formed enormous green reservoir so as to provide sufficient amount of water to terraced fields system, even during the severest drought season.  
Local government actively launched projects regarding natural forest preservation, some of the familiar ones are, ‘grain for green’, ‘shelter forest’, ‘natural reserve establishment’, and so on. Those kinds of forestation activities have effectively enhanced the ecological functions of forests in water conservation. Take Yuan yang county, the core area of Hani terraced fields for instance, artificial forested areas reached 1.38×104 ha only during “11th Five Year Plan” (2001-2005), enclosed hills for natural afforestation amounted to 0.80×104ha. Forestry areas of Yuan yang county in 1985, 1999 and 2005 were 8.86×104 ha, 9.09×104 ha and 11.72×104 ha respectively, increased by 32% compared to 1985, the percentage of forest coverage increased from 26.7% before “grain for green” (data collected in 1998) to 41% in 2005 [25-26].  
6. Traditional Knowledge of Hani Ethnic Group Relevant to Climate Change Adaptation 
Hani People are experienced in carrying out numbers of practices with regards to natural conservation and resources preservation due to years of practical experience. They take into serious consideration of environmental carrying capacity while making decisions regarding to natural resources utilization, so as to make as reasonable decisions as possible, without harming Mother Nature. Such customary law based traditional knowledge helps to secure the completeness of the structure of natural system, to safeguard its integrity in function term; to fulfill efficient utilization of water resources and effective preservation of forests at the same time, therefore, would be able to decrease the vulnerability and enhance the resilience of the whole ecosystem in the face of climatic disturbances.  
6.1 Eco-ethics of Harmonious Combination between Human and Nature
The philosophy of “Harmony between the Heaven and Human beings” with emphasizes on nature oriented way of development while inhibit other irrational way of thinking which represented by human centered mentality was gradually evolving from Hani People’s years of adaptation to the surrounding environment. The cardinal principle of Hani People in addressing the relationship between human beings and environment is natural rhythm that been deemed as the specified representative of God’s will, which strive to sustain the harmonious relation between humanity and nature. Guided by the philosophy of harmony between the heaven and Human beings, Hani people effectively preserved the completeness of local vegetation so as to secure the water base that terraced paddy fields culture rely upon for generations.
6.2 Holy Forest Culture
Forest provides water resources to Hani terraces, it also serves as the source of food and other daily life necessities, it has been deemed as the cradle of Hani people. Hani people have long ago realized the importance of forest in their farming practices, holy forest culture thus developed with central principle of forest adoration, worship and preservation. Forest distributed in higher mountain slopes is categorized as water conservation forest; forest distributed behind villages is categorized as holy forest (further divided into mountain holy forest and stockade holy forest); forest distributed in lower part of the village is categorized as holy forest used for crackdown evil spirits; forest distributed along roadsides outside of villages regarded as dividing line of human and ghost; forest surrounding villages is categorized for landscape usage. Various kinds of forests are strictly prohibited from deforestation, while mountain holy forests and stockade holy forests are in particular prohibited from neither human nor livestock to entrance. There are 431 plots of stockade holy forests in Yuan yang County according to incomplete statistics. Hani people also listed a “genealogical tree” for various plants, trees in particular along Mountain Ailao. They tend to get species deified by claiming those were planted by gods for preservation reasons. Moreover, Hani People relate forest with mountains, valleys, all things on earth, farming seasons, water used for terraced fields, embody this culture through legends, stories, poetry, folk songs, proverbs, nursery rhymes, so that the whole Hani ethnic group hold strong devout and respect feeling towards surrounding forests. Forests within terraced fields distributed areas are under quite good condition of protection with profound influence by holy forest culture, thus favorable condition of water conservation function is well preserved. 
6.3 Technologies of Terrace Paddy Fields Farming
Hani ethnic group, a minority take terraced paddy fields farming as principle way of living for centuries evolving their own unique agro-ecosystem as well as technologies used for terraces farming which are well adapted to the natural environment along Mountain Ailao area. This impressive system provides useful reference for agriculture production in the context of act aggressively in coping with climate change. 
It is quite an arduous work to transport fertilizers required for terraces since roads along Mountain Ailao are rather rugged, thus Hani People has created “fertilization by running water” approach that make use of ditch spillway water wash fertilizers mix out into terraces out of years of practices of terraces management. The method mainly includes washing fertilizer pond and washing mixed valley water manure. Hani People accustomed to trench fertilizer ponds by sides of villages used for storing livestock manure, garbage kitchen ashes, and other forms of domestic fertilizers. They would keep manure ponds open for stirring by water flowing though irrigation conduits on every paddy planting season, pitch-black effluvial water full of fertilizers would then flow down to terraces via conduits. Manure and humus accumulated in upper forest will be washing down when rainy season around May approaches every year. Hani people take advantages of fertilized water mix flowing though down layers of ditches, channel it into terraced paddy fields. The fertilizer application approach of “fertilization by running water” is a marvelous manifestation of production experiences of Hani terraced paddy fields farming. Hani people are also used to cultivate fishes like red tailed carps, crucian carps, eels, dark fishes in paddy fields; in the meantime, various kinds of aquatic animals like mud fishes, wild river loaches, paddy frogs, edible snails, are cultivated accompanying with. Fish farming in terraced fields increased diversity within paddy fields’ ecosystem, extended food chain, enhanced per acreage output on one hand; large amount of aquatic animals played a positive role in soil structure improvement, soil fertility enhancement on the other hand. Furthermore, Hani people cultivated more than 100 conventional paddy varieties, these abundant traditional paddy diversity well adapted to different elevation, temperature, soil, moisture, and other site habitat conditions [24]. Climatic extremities triggered by climate change will lead to violent fluctuation of temperature, hydrologic conditions, will thus seriously affect the stability and yield increment of agricultural production, while abundant traditional paddy diversity of Hani terraced fields provide precious resource base in actively tackling the challenge. 
6.4 Customary Laws
In order to balance the relationship among humans and between human and environment, a series of villages rules or we call it as customary laws have been gradually instilled into the Hani Ethnic group through long-term production practices. Although the Hani customary laws are not written rules, in effect, it bears legal validity. The heads of villages, prestigious seniors or the village Assembly assume the role of arbiters and executors. The way of punishment is not normally mandatory, but by willpower, which means that a sense of belongings to the clans or the villages. The most serious way of punishment is to be banished out of the family or the villages. The customary laws of Hani touch upon at large, which almost covers all walks of Hani People’s life. Particularly, elaborated regulations have been formulated in protection of biological resources and sustainable development. Strict protection attaches great importance on holy mountain deities. With the development of society, more and more village rules have been written down as texts, for instance, the village rules of Jingkou village in Yuanyang County have been printed out after having been achieved consensus of the village Assembly.
6.5 Festivals and Sacrifice Rituals
A whole package of festivals and sacrifice rituals of Hani People has been closely connected with terraced paddy fields. Some important Hani festivals: “Zhalete”, or known as “October Year”; “Angmatu” means “sacrifice for village God”; “Kangepo” means “festival for the beginning of rice planting”; “Moangna” means finalize farming works; “Kuzhazha” or “June festival”; “Cheshizha” means “festival for new rice”; Besides, there are lots of sacrifice rituals,some of which have been crossed with festivals and some have been held separately. For instance, “Angmatu” is celebrated in a collective way includes sacrifice for village God, village holy mountain God, Deities and water spirit etc. the family sacrifice activities include sacrifice for terraced fields, for God of grain, and sacrifice for barns [28]. The principal part of Hani festivals and sacrifice rituals is to sacrifice for nature, in which sacrifice for forest and water is of great significance. Some sacrifice activities, like sacrifice for crabs, clam as God of water or sacrifice connects with gutter way and ditch reveal Hani people highly value water resource which lay an important material basis for terraced paddy fields.
7. Mechanism of Hani Terraced Field Complex Ecosystem Adapts to Climate Change
In conclusion, natural and anthropogenic factors jointly take effect on adaptation to the climate change of Hani terraced field complex ecosystem, which also perfectly embodies the harmonious balance between natural environment and traditional culture. Table 4 illustrates the mechanism how Hani terraced field complex ecosystem adapts to climate change. The primitive vegetation in Mountain Ailao areas keeps intact and rate of forest coverage is relatively high. The strong capability of water from forest sub-ecosystem is the premise for preventing from extreme drought. The vertical spatial distributions of four elemental structures are forests-terraces-villages-rivers; on the one hand, it is conducive to efficient water utilizing; on the other hand, it provides favorable geographic environment for water recycling so as to improve the stability of biological environment. The Hani people take reasonable management and control on the subsystems via knowledge concerning ecological ethics, divine culture and technology of terraced paddy fields. While maintaining structure and function completion of complex ecosystem, highly efficient water usage has been achieved and effective preservation of forests has been realized. The stability of complex ecosystem needs to be further enhanced and the ability to resist external interference to be further improved. Under above-mentioned factors by synthetic actions, The Hani terraced paddy fields system has successfully adapted to climatic disturbances, and withstood the impact of extreme drought posed by global climate change, while at the same time has maintained self-stability and sustainable development.
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Fig 4 Adaptation Mechanism of Hani Terrace Complex Ecosystem to Climate Change 
8. Conclusion 
The results indicate that the underlying reasons contributed to Hani terraced fields’ successfully coping with extreme drought lies in its integrated balanced ecosystem, which is composed by four elemental sub-ecosystems, namely, forests, villages, terraces and rivers. The interactions among four sub-ecosystems and their dynamic balanced integration as ecological complexes enable Hani terraces to provide ecological as well as social functions to local peoples.  

Our findings also suggest that it is difficult to overemphasize the importance of traditional knowledge and community-based approaches to climatic extremities preparedness and response; the importance to capitalize on, develop, expand and mainstream traditional adaptation measures into formal adaptation strategies; such traditional knowledge could complement broader-scale scientific research with local precision and nuance. Meanwhile, traditional knowledge should be further studied, supported and integrated into future policy making, so as to help to reduce the vulnerability of local society to changes and variations in the climate system.
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