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Executive Summary 
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This report presents the results of a quantitative geospatial analysis of projected 

climate 

potential impacts on terrestrial ecosystems, biodiversity, and conservation efforts. 

This study is part of the  

Action Plan For Yunnan Province, the PRC   

 

The spatial analysis and modeling results presented in this report are based on a 

statistically derived bioclimatic stratification of Yunnan Province, using gridded 1km 

resolution interpolated weather station data averaged from 1960-2000 as the 

baseline for current conditions. This bioclimatic 

based upon projected future climate parameters, is used to predict and understand 

the impact of these projected future climate conditions on the spatial distribution of 

bioclimatic zones and strata, and by extension, ecosystems and  biodiversity by the 

year 2050.  

 

The projected bioclimatic conditions for the year 2050 are based upon a downscaled 

(1km resolution) multi-model ensemble (n = 63) of Coupled Model Inter-comparison 

Project (CIMP-5) Earth System Models (ESM).  All four of the IPCC AR5 future 

Resource Conservation Pathways (RCP), i.e. GHG emission scenarios, have been 

modeled, analyzed, and are presented in the various tables and figures, in order to 

give the range of projected climate parameters and impacts. 

 

Results of this geospatial analysis of climate change impacts are presented for the 

whole of Yunnan Province, for 15 of the 18 Priority Areas listed in the Yunnan 

Province Biodiversity Strategy Action Plan (BSAP), and for the protected area system 

of Yunnan. This analysis is intended to provide  a basis for understanding the 

potential impacts of climate change on terrestrial ecosystems and biodiversity 

conservation across Yunnan, and provide a detailed overview for each BSAP Priority 

Area.  The results are given in a working report format, with much of the data 

presented as tables or maps, with more detailed results for each of the Priority Areas, 

and the Protected Area analysis given in the Appendices.   
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Overall, the results of this analysis show a quick and drastic change in the spatial 

distribution of bioclimatic conditions throughout Yunnan Province, and predict 

significant and increasing biophysical and biological perturbance for species and 

ecosystems in the near- to medium-term future under all scenarios.  

 

By the year 2050, rapid and significant changes in bioclimatic conditions can be 

expected across all bioclimatic zones, ecosystems, and within all the BASP Priority 

Areas and Protected Area within Yunnan Province. By the most conservative 

estimate, by 2070, and as early as 2049, much of Yunnan will be experiencing novel 

and unprecedented climatic conditions. 
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The magnitude of predicted change indicated by our analysis points to profound 

impacts on terrestrial ecosystems, biodiversity, and ecosystem services across 

Yunnan Province by 2050 as a result of warming and climate disruption, and the 

shifting of bioclimatic conditions spatially, particularly within mountainous terrain. This 

change will impact upon the conservation effectiveness of many protected areas and 

other biodiversity conservation efforts within Yunnan Province, as ecological 

conditions within these areas may change beyond limits conducive for the species 

currently found there, or allow for newly invasive and/or competitive species to 

expand their niche.   

 

Given the spatial isolation of suitable habitat for many rare, threatened, and endemic 

species found in Yunnan, the results of this analysis forewarn of a prolonged period 

of climate perturbation, ecological disruption and climatically-induced habitat loss 

potentially leading to widespread extinctions, without concerted adaption and 

conservation efforts to mitigate habitat loss. 

 

The major conclusion to be drawn from this report is the over-riding necessity to 

recognize the now central role of a rapidly changing climate across Yunnan Province, 

and the need to incorporate and plan for adaptation within conservation planning, 

efforts and policy. Below we list some of the major findings of this report: 
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 The climate is likely to accelerate current rapid warming trends, on average 

becoming generally hotter across all of Yunnan under all RCP emission scenarios. 

Mean annual temperature averaged across Yunnan is predicted to increase from 

1.6° to 2.5°C, by 2050. 

 

 Yunnan Province appears to be one of the faster warming regions within the PRC 

and the greater East Asian region. Within Yunnan Province, the western and 

northwestern regions seem to have the most rapid projected rates of warming.  

Of the 16 prefectures within Yunnan Province, Nujiang, Dali, and Baoshan are 

warming most rapidly.   

 

 The increase in mean annual temperature by 2050 is greatest in the northwestern 

parts of Yunnan, approaching and exceeding 3.0 °C increase under the RCP 8.5 

scenario in the very northwest of Yunnan.  Similarly, both minimum and maximum 

annual temperatures increase.  

 

 Although the models project a slight increase in precipitation across Yunnan, the 

observed data shows a decreasing trend in precipitation over the last 50 years. In 

general, there is a high variability in the projections of precipitation among the 

models in the ensemble, so that the uncertainty of these projections is high, much 

higher than for the temperature projections, which have a relatively high 
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agreement among models, i.e. confidence level. 

 

 

 Nine major bioclimatic zones, and 33 strata, were identified through this study as 

currently found within Yunnan, ranging from Extremely Hot and Moist at low 

elevations, to Extremely Cold and Mesic at high elevations. 

 

 There are substantial changes in both the areal extent and the average elevation 

of the bioclimatic zones, as projected for 2050. There is a large expansion in the 

extent of the hotter zones: Extremely Hot and Moist, the Hot and Mesic, and the 

Extremely Hot and Mesic. 

 

 Tropical forests may see an expansion of their range, however, these areas may 

then also become susceptible to further risk of clearing for plantation 

development as they become optimal zones for expansion of rubber production. 

The optimal area for rubber production shift upwards in mean elevation by more 

than 300m by 2050, expanding to cover 75% of Xishuangbanna. 

 

 There is a drastic a decrease in the Warm Temperate and Mesic zone, and the 

highest and colder zones, signaling a potential threat for species and ecosystems 

adapted to these mid- and high-elevation zones. Temperate forests and high 

levels of biodiversity found in sub-alpine and alpine zones at higher elevations, 

appear to be at high risk, as several strata associated with these ecotypes 

diminish substantially.   

 

 All zones exhibit an upward shift in average elevation, ranging from 284 m to 414 

m. 
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 The increase in mean annual temperature by 2050 for the 15 priority areas 

ranges from 2.0° to 2.2°C for under the RCP 4.5 scenario, and from 2.3° to 2.7°C 

under RCP 8.5, with priority areas in the northwestern and western regions 

showing the largest projected increases.  

 

 The Cold-Temperate Coniferous Forest Zones exhibit the most rapid warming, 

along with the Humid Evergreen Broadleaf Forest and the Warm Temperate 

Coniferous Forest. All priority areas reach novel and unprecedented bioclimatic 

conditions by 2070 under scenario RCP 4.5, while under the RCP  8.5 scenario, 

that date is reached by 2049. 

 

 For all of the BSAP priority areas there are substantial changes in both the areal 

extent and the average elevation of the bioclimatic zones, as predicted for 2050, 

with all bioclimatic zones within priority areas exhibiting an upward shift in 

average elevation, ranging from 195 m to over 400 m., with an average for all 

zones under RCP 8.5 of 356 m.   
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 The percent of the total area of each of the priority areas that shifts to another 

major bioclimatic zone ranges from 23% to over 80 % under the RCP 8.5 

scenario.  Likewise, the range of percent shift for strata is from 83 to 100%. 
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 There are reported to that by the end of 2012, there were 159 nature reserves 

with a total area of 28,300 km2 in Yunnan Province, of which just over 23, 000 

km2 are included in our geospatial analysis, and is comprised of both National 

Nature Reserves and Provincial Nature Reserves.   On a whole, 56% of  

Protected Area in Yunnan is projected to shift to different bioclimatic zone by the 

year 2050, and 93% of this total Protected Area will shift to a different bioclimatic 

stratum (under RCP 8.5). 

 

 The single largest bioclimatic zone comprising this Protected Area is the Warm 

Temperate and Mesic, followed by the Hot and Mesic.  

 

 There is a very substantial increase in the area of the two warmest bioclimatic 

zones. 

 

 There is a drastic decrease in the two coldest bioclimatic zones indicating that 

species found in these colder zones may easily find this set of bioclimatic 

conditions within Yunnan by 2050.  

 

 The upward shift of the average elevation of these bioclimatic zones (i.e. under 

RCP 8.5) ranges from 249 m, to over 500 m. The average upward shift for all 

bioclimatic zones is 379 m within all protected area is. 

 

 There is a reduction of area for the coldest strata, and significant shifting of strata 

within all zones. The average mean elevation of the bioclimatic strata (within all of 

the Protected Area in Yunnan) is projected to shift 403 m by 2050 (i.e. under 

RCP 8.5).  

 

 Eight priority areas where ranked, of which only seven contain Protected Area. 

More than 13,000 km2 (out of a total of 23,000 km2 for all Yunnan), or roughly 

more than 55% percent of all the Protected Areas in Yunnan, are found within 

these seven Priority Areas.  

 

 Yunling Mountain and Jinsha Valley have the highest diversity of habitats within 

Protected Area, i.e., seven zones, although several are small in area, and new 

zones appears by 2050. The average upwards shift for the mean elevation of the 

bioclimatic zones within protected area within BASP priority areas is 304 m.   
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Based on an improved knowledge base of projected changes, impacts, and 

responses, and science- and evidence-based decision-making and planning, a 

number of actions (and tools) are available to incorporate climate change and 

adaption into conservation at various scales and levels. Mawdsley et al (2009) 

identified 16 general adaptation strategies that relate directly to the conservation of 

biological diversity.  These strategies can be grouped into four broad categories:  

 

 Land And Water Protection And Management;  

 Direct Species Management;  

 Monitoring And Planning;  

 Law And Policy.  

Below is a brief enumeration of these broad strategies and actions for addressing 

climate change for effective biodiversity conservation efforts, planning and policy: 

Strategies Related to Land and Water Protection and Management 

1. Increase Extent of Protected Areas 

2. Improve Representation and Replication within Protected-Area Networks 

3. Improve Management and Restoration of Existing Protected Areas to Facilitate 
Resilience 

4. Design New Natural Areas and Restoration Sites to Maximize Resilience 

5. Protect Movement Corridors, Stepping Stones, and Refugia 

6. Manage and Restore Ecosystem Function Rather than Focusing on Specific 
Components (Species or Assemblages) 

7. Improve the Matrix by Increasing Landscape Permeability to Species Movement 

Strategies Related to Direct Species Management 

8. Focus Conservation Resources on Species that Might Become Extinct 

9. Translocate Species at Risk of Extinction 

10. Establish Captive Populations of Species that Would Otherwise Go Extinct 

11. Reduce Pressures on Species from Sources Other than Climate Change 

Strategies Related to Monitoring and Planning 

12. Evaluate and Enhance Monitoring Programs for Wildlife and Ecosystems 

13. Incorporate Predicted Climate-Change Impacts into Species and Land-
Management Plans, Programs, and Activities 

14. Develop Dynamic Landscape Conservation Plans 

15. Ensure Wildlife and Biodiversity Needs Are Considered as Part of the Broader 
Societal Adaptation Process 

Strategy Related to Law and Policy 

16. Review and Modify Existing Laws, Regulations, and Policies Regarding Wildlife 
and Natural Resource Management 
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In developing and planning for conservation, some or all of these strategies and 

actions must be considered within the specific context of each of the BSAP Priority 

Areas within Yunnan, and their specific conservation issues and challenges. However, 

it is recommended that the opportunities for increased connectivity, landscape matrix 

mosaics and increased permeability, and expansion of protected areas should be 

explored at an early stage, as these opportunities may be time limited by other 

ongoing landuse change processes. 
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1. Introduction 
!

Yunnan Province in southwestern  PRC is both biologically and culturally amongst 

the richest and most diverse regions in the world (López-Pujol et al., 2006; Yang et 

al., 2004). It is the source of headwaters and tributaries leading into several major 

rivers which reach and have impact on the lives of more than 600 million people (Xu 

2011a).  With an area of 394,000 km2, and a population of 45.7 million in 2009, 

Yunnan Province is well recognized for high levels of biological species richness and 

diversity (Pu et al., 2007), as well as its wide range of ecosystem diversity. Amongst 

the 30 ecosystems as identified within Yunnan according to the Chinese classification 

(Guo and Long, 1998), and the 114 forest types found here, are large numbers of 

endemic, threatened and rare species (WWF, 1996a; 1996b; Yang et al., 2004). 

Climate change is a key concern for Yunnan Province, as it is throughout the Asian 

highlands region  (Salick et al., 2007; 2009; Xu et al., 2009; Zomer et al., 2013).  

 

Yunnan, as a part of the greater Mekong region, is undergoing a rapid 

socioeconomic transformation, with much of the rural population still living in 

relatively poor conditions. Characterized by a highly heterogeneous terrain, fragile 

environments and increasing climate-induced risks, Yunnan is one of the poorest 

provinces in the PRC. Global change including land use change and global warming 

has been and will continue to be among the most important factors impacting on 

terrestrial ecosystems and biodiversity regionally.  

 

Deforestation, increasing fragmentation of forests, and other landuse changes over 

the last sixty years (Chapman, 1991; Fox and Vogler, 2005; Z. Li and Fox, 2012), 

particularly the expansion of agriculture and industrial crops such as rubber and 

tobacco, has led to significant impacts on biodiversity and ecosystem services 

throughout Yunnan.. For example, rubber (Hevea brasiliensis) is the main industry 

crop replacing traditional agriculture and forest vegetation in the tropical/sub-tripical 

regions  (Fox and Vogler, 2005; H. Li et al., 2006a; Xu et al., 2005), and is among the 

major factors driving both deforestation and biodiversity loss (Hu et al., 2007; H. Li et 

al., 2006b). The implications of this are a decrease in biodiversity (Hu et al., 2007; H. 

Li et al., 2006b), deterioration of watershed services (Guardiola-Claramonte et al. 

2008), and a decline in livelihood options (Xu et al. 2005). Rubber production in 

Xishuangbanna of southern Yunnan has increased significantly in the last decades, 

and is continuing to increase, with significant impact on natural systems (H. Li et al., 

2008). Zomer et al. (2014) has shown that climate change is likely to exacerbate 

these trends and the impacts of on-going landuse change on biodiversity. 

 

Climate change is not only likely to substantially exacerbate the impacts of these 

ongoing biodiversity threats and processes, but also potentially undermines current 

landuse planning and conservation efforts. The average temperature over Yunnan 

Province has been increasing since the late 1980s and it has become markedly 

warmer since the 1990s, with 13 warm winters occurring since 1986 (Cheng and Xie, 

2008). After 2000, the increasing trend of rainfall over Yunnan declined, the number 
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of heat waves and droughts increased, and their frequency of occurrence interval 

changed from 2- 3 years to 1- 2 years. The drought in 2005 and spring 2006, and 

during 2009~2011, were respectively the most severe droughts experienced in 

Yunnan Province in the most recent 20 and 50 years (Qiu 2010). The trend of 

temperature increase in Yunnan is parallel to the trends for the global, northern 

hemisphere, and the PRC as a whole, with temperatures in Yunnan changing slightly 

more than the global average and a little less than the averages for the Northern 

Hemisphere and the PRC (Lin et al., 2007). The treeline in northwest Yunnan rose by 

67 meter in last century (Baker & Moseley 2007); in the 21st century, the altitudinal 

range of Abies georgei forest may decrease by 13-26% (Wong et al. 2010). The 

elevational distribution of life zones is projected to shift significantly (Xu et al., 2009; 

Zomer et al, 2014).  

 

In this report, we summarize the expected impacts of climate change  within Yunnan 

Province, as a whole, based upon a geospatial analysis and a multimodel ensemble 

of the most recent future climate projections across the range of IPCC AR-5 emission 

scenarios. We then look more specifically at the identified Yunnan Province 

Biodiversity Strategy Action Plan (BSAP) priority areas, as well as evaluate impacts 

on the protected area network. A modeling approach based on a statistically derived 

environmental stratification (Zomer et al, 2013, 2014) is used to predict and 

understand the nature and magnitude of projected changes in the spatial distribution 

of bioclimatic conditions within Yunnan Province by the year 2050 (based on a multi-

model ensemble approach using an ensemble (n = 63) of downscaled (1 km 

resolution) CIMP5 Earth System Model projections. Results are presented and 

articulated (in tablular and map format) for the whole of Yunnan Province, and for 15 

of the 18 Priority Areas in the Yunnan Province Biodiversity Strategy Action Plan 

(BSAP) and the various levels of protected area that make up the protected area 

system, i.e. including both national and provincial nature reserves . This analysis is 

intended to provide a basis for understanding the potential impacts of climate change 

on terrestrial ecosystems, biodiversity conservation, and provide a detailed overview 

for each of the specific Priority Areas. These results of the analysis of projected 

climate impacts on the spatial distribution of bioclimatic conditions, with implications 

for terrestrial ecosystems, are presented here for use and review by the respective 

various team members of, and to be included in, the ABD Technical Assistance 

the PRC 

ng report format, with much of the data 

presented as tables or maps. Summary results for each of the BSAP priority areas 

are given in Section 5, with more detailed maps and tables provided  for each of the 

Priority areas in the Appendix 1.   
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2. Methods Overview:  
 
This report provides an overview of the results from a geospatial analysis of 
projected climate change in Yunnan Province, PRC. Results have been articulated 
for the whole of Yunnan, and within the boundaries of 15 priority areas identified 
within the Biodiversity Strategic Action Plan (BSAP) for Yunnan. The wetland classes 
(6.1,6.2,6.3) are currently excluded due to their small areal extents and dispersed 
locations, as the unit of measurement for downscaling does not allow for proper 
analysis.  Although all four of the IPCC AR5 future scenarios (Resource Conservation 
Pathways  RCP) have been modeled and analyzed, for clarity of presentation, maps 
sometimes only show results for RCP 4.5 and RCP 8.5 (i.e. not all four of the 
and sometimes for brevity of comparison only RCP 8.5, in keeping with common 
practice in the literature. 
tables. It is generally agreed that RCP 2.6 (the best case scenario) is unlikely, given 
current global trends, as reported recently in the  

(!IPCC, 2013). In general, comparing RCP 4.5 and 8.5 should provide the 
full realistic range of future climate projections (Figure 1). RCP 6.0 does not really 
diverge above RCP 4.5 until after 2060, and before then, i.e. 2050, is relatively 
similar to RCP 4.5. 
 

a. Projected Changes in Temperature and Precipitation 
 
An analysis, using a multi-model downscaled ensemble (n=63) of CIMP5 Earth 
System Models (ESM) applied across four representative concentration pathways 
(RCP), has been used to assess climate change and its impact on temperature and 
growing conditions by the year 2050 within the 15 selected BSAP Priority Areas. We 
give the average results of all models within each RCP.  A table of all CIMP 5 ESMs 
used in the analysis is given in Appendix 2.. The 
approved IPCC AR5 C02 emission scenarios, with RCP 2.6 representing aggressive 
mitigation, and RCP 8.5 follow
have used the Worldclim meteorological dataset (Hijmans et al., 2005), which gives 
climate values based on data averaged from 1960 through 2000, as the current 
conditions baseline.  
 
Figure 1: IPCC AR5 Representative Concentratin Pathways (emission scenarios) 
(Source: IPCC, 2013  WikiCommons). 
   
 
 
 
  

http://en.wikipedia.org/wiki/File:All_forcing_agents_CO2_equivalent_concentration.png
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b. Projected Changes in Potential Evapotranspiration and Aridity Index 
 
For each priority area we provide an overview of the expected change in mean 
annual temperature, mean annual precipitation, mean annual potential 
evapotranspiration (PET) and the mean annual aridity index (AI).  The aridity index 
(AI) is an integrative measure applicable to assess the moisture (precipitation) 
available for plant growth, i.e., after evapotranspiration. The higher the value of AI, 
the more moisture is available. In general, 1.0 represents saturated conditions, i.e., 
more than enough water, and .65 is approximately a threshold for adequate moisture 
to support rainfed agriculture under semi-arid conditions. It is based on a ratio of the 
amount of annual precipitation compared to the PET.  The PET, which we have 
modeled for the entire Yunnan region and each priority area, is a measure of the total 
potential amount of transpiration (from plants) and evaporation (from soil) that can be 
expected under existing (or projected) temperature and relative humidity conditions. 
In short, PET is a measure of the ability of the atmosphere to remove water through 
ET processes, that is, transpiration by plants, and evaporation from soil and other 
water sources, such as interception of precipitation by the canopy.. The AI is 
calculated as the ratio of mean annual precipitation to the mean annual PET. A 
complete explanation of the methodology used to calculate PET and AI is given in 
Zomer et al. (2008). 
!

c. Year of Climate Departure  
 
Most ecological and sociological systems can adapt to climate change over time, 
although this might not be the case for all species. However, the time frame in which 
climates will reach unprecedented states, that is novel climatic conditions not seen 
before in that location, may strongly determine the magnitude of disruption in 
ecosystems and the ability of species to adapt and avoid extinction. We use data 
provided by Mora et al (2013) to give an indication of the projected timing of climate 
departure.  This index gives an estimate of the year when the climate (i.e., near 
surface air temperature) exceeds the bounds of historical variability for a particular 
location, as determined by all consecutive years after that date being outside the 
bounds of variability over the past 140 years.  Although this index gives a date in the 
future for unprecedented climatic conditions, this does not mean that change is not 
already occurring.  Mora et al., (2013) provide estimates for RCP 4.5 and RCP 8.5, 
based upon all 39 available CIMP5 models, at a resolution of 100 sq km. When 
compared spatially, i.e. over the whole of Yunnan, it can give an indication of the 
relative rate of warming by region and locale. The earlier the date of departure, the 
more rapid the rate of warming in that locale.  
 
Figure 2: Illustration of the analysis used in determining the year of climate 
departure (Source: Mora et al., 2013, with permission Nature Publishing Group). 
 

!



! "%!

d. Environmental stratification and delineation of bioclimatic zones and 
strata. 

 
The Global Environmental Stratification classification (GEnS: Metzger et al., 2013), 

used as a basis for our analysis, is a statistical 

surface into homogeneous bioclimatic strata facilitated by high resolution global 

climate datasets,  representing a considerable advance (Metzger et al., 2013; 2012) 

over earlier global attempts at bioclimatic or ecosystems mapping (Holdridge, 1947; 

Thornthwaite, 1948; Peel et al., 2007). Based on a statistical clustering of significant 

climate variables, the GEnS provides a global stratification that can: a) quantitatively 

relate the spatial distribution of ecosystems to an identified set of bioclimatic 

parameters, b) provide a consistent methodology across landscapes and countries 

that have so far mostly been studied using different protocols, approaches and 

taxonomies, and c) allow for a statistical modeling of bioclimatic zonal shifts that can 

be used to estimate the direction and magnitude of impacts on ecosystems due to 

climatic changes.  

 

The GEnS, based on high resolution geospatial monthly climate datasets averaged 

from 1960 to 2000 (Hijmans et al., 2005), characterizes recent conditions to stratify 

the globe into 125 strata, aggregated into 18 zones. This quantitative approach 

allows for the use of the identified set of statistically significant parameters and the 

statistical profiles of the various strata to reconstruct the stratification based on 

projected future conditions (i.e. using the parameter values derived from modeled 

climate scenarios). The strata continue to represent bioclimatic conditions similar to 

the original strata (i.e. recent climatic conditions), but may shift in areal extent or 

location. The change in distribution of the bioclimatic strata is analyzed and used as 

a surrogate measure to describe the potential projected macro-level impacts of 

climate change on terrestrial ecosystems (Metzger et al., 2008; Zomer et al., 2013; 

2014). When combined with other ecosystem, vegetation, or land use data, these 

shifts in spatial distribution can be interpreted in terms of projected impacts on 

ecosystems services, land use, wildlife habitats, risks to endemic or threatened 

species, or the risks and opportunities associated with future agricultural production. 

For this study, the zonal nomenclature has been slightly modified to account for 

conditions as they occur in Yunnan. However, as both strata and zones are labeled 

by unique alpha-numeric identifiers, the ability to use these for comparative purposes 

remains. 

 

The geospatial analysis and environmental stratification was performed in ArcGIS 

10.2 (ESRI 2013) using the global datasets listed below, along with various national 

and local secondary datasets and information collected on land use and biodiversity, 

and a remote sensing based land use change analysis described below, to 

corroborate and interpret results: 

!

 GEnS:  Global Environmental Stratification v. 1 (Metzger et al., 2013) 

 WorldClim v. 1.4:   Global high-resolution climate surfaces in 1950-2000 (Hijmans 

et al., 2005)   

 CIMP-5:  Ensemble of downscaled CIMP5 ESM models (Meehl and Bony, 2011) 

 CGIAR-CSI Global Aridity and PET database  (Zomer et al., 2008)  
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 SRTM: CGIAR-CSI SRTM Digital Elevation Model Database v. 4.1 (Jarvis et al., 

2008)  

!

e. Modeling of projected future bioclimatic conditions 
 

Metzger et al. (2013) identified a set of significant bioclimatic parameters, based on a 

statistical screening of the various global climate datasets. Principal Component 

Analysis (PCA) of the global dataset revealed that 99.9% of the total variation was 

determined by four variables:  

 Tmean DD > 0 is defined as the annual sum of daily mean temperature degrees of 

days with a mean temperature above 0° C, reflecting latitudinal and altitudinal 

temperature gradients, and plant growth periods (Hijmans et al. 2005);  

 Aridity Index (AI), is defined as the ratio of annual precipitation over annual 

potential evapotranspiration (PET) and forms an expression of plant available 

moisture (Zomer et al. 2008);  

 Monthly Mean Temperature Seasonality is defined as the standard deviation of 

the monthly temperature means, and is a measure of temperature seasonality 

(Hijmans et al. 2005); 

 PET Seasonality is defined as the standard deviation of the monthly PET means, 

and is a measure of seasonality of plant available moisture (Zomer et al. 2008).  

 

These four bioclimatic variables were used as the input to the ISODATA clustering 

routine in ArcGIS to classify the GEnS environmental strata (Metzger et al. 2013). 

Projected impacts are modeled by reconstructing the stratification based upon future 

climate conditions, as modeled by an ensemble of 19 Earth System Models (ESM) 

provided by the Coupled Model Intercomparison Project  Phase 5 (CIMP5; (Meehl 

and Bony, 2011)), using the same set of significant bioclimatic variables. The 

statistical signature profiles of the strata have been reconstructed for Yunnan, based 

upon a multivariate analysis (maximum likelihood classification) of these four 

bioclimatic variables. These signature profiles were then used to project the future 

spatial distribution of the GEnS strata based upon the CIMP5 modeled future climate 

conditions in 2050.   

 

Four emission scenarios, or representative concentration pathways ( RCP; (Vuuren 

et al., 2011)  were analyzed using the CIMP5 model predictions for the year 2050 

(average of 2040-2060), ranging from RCP 2.6 (aggressive mitigation / lowest 

emissions) to RCP 8.5 (highest emission scenario). CIMP5 model results were 

downscaled using the Delta method (Ramirez-Villegas and Jarvis, 2010) to 30 arc 

sec  resolution (equivalent to ~1 km2 at the equator). The Maximum Likelihood 

Classification algorithm in ArcGIS 10.2 was used to construct the projected future 

spatial distribution of strata and zones, using the modeled future climate conditions 

as predicted by each of the emission scenario combinations (n = 63) as input 

parameters. All models within each RCP were combined into a majority ensemble 

result, using the class with the majority of occurrence within any particular grid cell as 

the class for that location.  The rate of occurrence of other classes is used as a 

measure of the uncertainty among models. Mora et al., 2013 tested the robustness of 

the CIMP5 model ensemble based on historical observation data (1985-2005) and 
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found a high correlation when using multi-model averages.  Other sources of 

uncertainty in our analysis include the difficulties associated with model predictions in 

highly heterogeneous terrain and landscape, such as the mountainous areas of 

Yunnan. 

 

3. Projected Climate Change in Yunnan Province  
 
Yunnan Province appears to be one of the faster warming regions within the PRC 

and the greater East Asian region (Figure 3).  The estimated year of climate 

departure  for Yunnan (RCP 4.5: 2064;  RCP 8.5: 2041) is significantly earlier than for 

the global average (RCP 4.5: 2069: RCP 8.5: 2047), and average for the PRC as a 

whole (RCP 4.5: 2069; RCP 8.5: 2044).   

 
Figure 3: Year of climate departure showing the Asian region. Darker colors are 
warming relatively more rapidly than areas with lighter colors (Data source: Mora et 
al., 2013).  
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Of all of the 31 provinces in the PRC (including Taiwan), Yunnan is ranked as the fifth 

earliest year of climate departure under RCP 4.5, and is the sixth earliest under RCP 

8.5  (Table 1).  Under the RCP 4.5 scenario, the range of values found within Yunnan 

for the year of climate departure ranges from 2048 to 2081, and under the RCP 8.5 

scenario, it ranges from as early as 2034 to 2050. 

 
Table 1: Average year of climate departure for all of the provinces in China (Data 
source: Mora et al., 2013). 
 

 

Within Yunnan Province, the western and northwestern regions seem to have the 

most rapid projected rate of warming (Figure 4).  Of the 16 prefectures within Yunnan 

Province, Nujiang, Dali, and Baoshan have the earliest dates under both the RCP 4.5 

and RCP 8.5 scenarios (Table 2). Nujiang arrives at an unprecedented climate by 

2049 under RCP 4.5, and as early as 1034 under RCP 8.5. Kunming, Zhaotong, 

Honghe, Qujing, Wenshan Prefectures are projected to be warming a significantly 

slower rates, arriving at an unprecedented climate almost 30 years later (after 2070) 

under RCP 4.5, and about 10 year later under RCP 8.5.  

 
  

!"#$ %& '()*#+" ,"-#$+.$" / 0'1 234 !"#$ %& '()*#+" ,"-#$+.$" / 0'1 534

Province Mean Min Max Std Province Mean Min Max Std

Qinghai 2055 2046 2068 4.6 Qinghai 2037 2033 2044 2.4

Xizang 2063 2048 2073 4.9 Gansu 2040 2037 2044 1.8

Hainan 2063 2061 2066 2.3 Ningxia 2041 2039 2042 0.9

Sichuan 2064 2053 2075 5.6 Sichuan 2041 2036 2047 2.7

Yunnan !"#$ !"$% !"%& '() Xizang 2041 2035 2046 2.4

Taiwan 2065 2064 2065 0.6 Yunnan !"$& !")$ !"*" $(+

Gansu 2065 2056 2074 4.5 Taiwan 2042 2040 2043 1.4

Zhejiang 2069 2066 2070 1.2 Hainan 2042 2040 2043 1.5

Shannxi 2069 2058 2073 3.5 Xinjiang 2043 2034 2050 3.3

Ningxia 2069 2065 2071 2.2 Shannxi 2043 2038 2046 1.8

Guangdong 2069 2061 2076 3.4 Jiangxi 2044 2042 2047 1.2

Xinjiang 2070 2054 2085 7.2 Zhejiang 2044 2043 2046 0.8

Jiangxi 2070 2067 2072 1.4 Fujian 2045 2042 2047 1.3

Fujian 2070 2068 2073 1.4 Guangdong 2045 2041 2048 1.5

Hubei 2071 2064 2079 4.3 Beijing 2045 2045 2045 0.0

Hunan 2072 2069 2075 1.6 Hubei 2046 2042 2049 1.7

Anhui 2072 2066 2079 3.5 Hunan 2046 2043 2048 1.0

Guizhou 2073 2068 2076 1.9 Shanxi 2046 2045 2048 0.9

Jiangsu 2074 2071 2078 2.2 Shanghai 2046 2046 2046 0.0

Shanxi 2074 2071 2077 1.5 Anhui 2047 2043 2052 2.8

Shanghai 2074 2074 2074 0.0 Heilongjiang 2047 2045 2050 1.2

Shandong 2075 2069 2080 3.5 Tianjin 2047 2047 2047 0.0

Henan 2075 2072 2080 2.1 Jiangsu 2047 2046 2051 1.5

Beijing 2075 2075 2075 0.0 Guizhou 2047 2045 2049 1.1

Guangxi 2076 2070 2084 3.8 Neimenggu 2047 2039 2054 3.9

Neimenggu 2077 2063 2087 6.1 Hebei 2048 2045 2052 1.9

Heilongjiang 2077 2073 2083 2.0 Liaoning 2048 2045 2052 1.7

Hebei 2078 2075 2082 1.8 Guangxi 2049 2045 2052 1.5

Jilin 2078 2074 2083 3.1 Jilin 2049 2047 2052 1.4

Tianjin 2079 2079 2079 0.0 Shandong 2049 2044 2052 2.5

Liaoning 2079 2073 2084 3.6 Henan 2050 2047 2052 1.3

China - All 2069 2046 2087 8.4       China - All 2044 2033 2054 4.3
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Figure 4: Year of climate departure for Yunnan province, at a resolution of 100 sq. 
km.  (Data source: Mora et al., 2013).   
 

 
 
 
 
Table 2: Year of climate departure for Yunnan province, by prefectures ranked by 
earliest date  (Data source: Mora et al., 2013). 
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3.45 617 3.45 617

Nujiang 2049 0.91 Nujiang 2034 0.00

Dali 2052 0.00 Dali 2036 0.00

Baoshan 2054 0.00 Baoshan 2036 0.00

Deqe 2054 3.23 Lijiang 2036 0.66

Lijiang 2055 1.82 Deqe 2037 1.47

Dehong 2058 3.36 Dehong 2038 0.51

Chuxiong 2059 2.52 Chuxiong 2038 0.76

Lincang 2059 3.91 Lincang 2038 1.16

Simao 2067 2.06 Yuxi 2041 0.00

Xishuangbanna 2067 0.00 Simao 2042 1.37

Yuxi 2068 0.00 Xishuangbanna 2044 0.00

Kunming 2070 0.66 Kunming 2044 0.32

Zhaotong 2072 1.45 Zhaotong 2044 0.47

Honghe 2072 1.74 Honghe 2045 1.91

Qujing 2073 0.51 Qujing 2046 0.20

Wenshan 2075 1.20 Wenshan 2048 0.73

8255459:9;<< !"#$ 53>@ 8255459:9;<< !"$& 23;A

6,#+# 7%.$8"9 :%$# "+ #(3 ;=<>?

=>,9%(*=>,9$(*



! "*!

 
 
 
Figure 5: Observed weather station data (averaged for all of Yunnan), from 1961 to 
2012. (Source: China National Climate Center, used with permission). 
 

 
 

 
 
 

 

Based upon weather station data and an analysis of observed trends provided by the 

China National Climate Center  Beijing, during the period 1961-2012, the actual 

annual precipitation in Yunnan Province decreased.  The mean annual temperature, 

maximum annual temperature, and minimum annual temperature all had an 

increasing trend (Figure 5).   

 

The level of decrease in precipitation seen in the observed data is not reflected in the 

projected results under any of the RCP scenarios (Table 3), all of which project a 

minimal increase (14 to 24 mm) except RCP 6.0, which predicts a very slight 

decrease of 4 mm.  Generally the CIMP-5 precipitation projections have a high 

variability among models (compared to temperature which is relatively consistent), 

and it is generally not considered highly reliable.   

 

Mean annual temperature for Yunnan is projected to increase on average from 1.6 to 

2.5 °C by 2050, according to our analysis (Table 3; Figure 6).  As a result, the Aridity 

Index decreases under all the RCP scenarios, indicating very slightly less moisture 

availability for plant growth, and slightly less conducive growing condition. Though 

this is minimal, this effect could be exacerbated by increased seasonality and 

seasonal variability.  
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Table 3: Mean annual temperature, annual precipitation, and aridity-wetness Index, 
averaged for the years 1960  2000, and projected under four RCP (emission 
scenarios).  
 

 
 

 
 
Figure 6: Spatial distribution of mean annual temperature showing current conditions 
(averaged from 1960-200) based on downscaled weather station data, and projected 
for the year 2050 under RCP 8.5.   
 
 

 
 
 

 

Under both the RCP 4.5 and RCP 8.5 emission scenarios, the increase in mean 

annual temperature by 2050 is greatest in the northwestern parts of Yunnan, 

approaching and exceeding 3.0 °C increase under the RCP 8.5 scenario in the very 

northwest of Yunnan.  Similarly, both minimum and maximum annual temperatures 

increase proportionally.  
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Figure 7: Spatial distribution of annual precipitation showing current conditions 
(averaged from 1960-200) based on downscaled weather station data, and projected 
for the year 2050 under RCP 8.5.   
 

 
 
In general, there is a slight increase in precipitation across Yunnan, however this is 
most pronounced in the western part of the province, with some drying tendency 
towards the northeast, especially under RCP 8.5.  However, there is a high variability 
among models under both scenarios, so that uncertainty is higher for precipitation 
than for temperature projections. 
 
 
Figure 8: Spatial distribution of Aridity Index showing current conditions (averaged 
from 1960-200) based on downscaled weather station data, and projected for the 
year 2050 under RCP 8.5.  
 

 
 

There is very little change in the Aridity Index in any of the RCP scenarios.  As 

temperature goes, so does precipitation, so that on the balance growing conditions 

remain nearly the same.  However, in general, there is a slight decrease in the Aridity 

Index, indicating slightly drier conditions, or less available moisture for plant growth. 
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4. Projected Change in Bioclimatic Conditions:   
!
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Nine major bioclimatic zones were identified through this study as currently found within 

Yunnan (Figure 9), ranging from Extremely Hot and Moist at low elevations, to Extremely 

Cold and Mesic at high elevations (Table 4). Mean annual temperatures for these zones 

are inversely correlated with their average elevation, and range from 1.5°C for the 

coolest zone at an average elevation of 4,242 asl, to 23.9°C for the warmest zone at an 

average elevation of 620 m asl. Both the average annual temperature and the average 

elevation of each of these zones demonstrate an ordered and coherent placement along 

their respective gradients, indicating the robustness of the stratification when applied in 

Yunnan.  Annual precipitation generally decreases with elevation in a similarly ordered 

fashion, except for the lowest and hottest zone (a small area). By far the largest zone is 

the Warm Temperate and Mesic, comprising 175,515 km
2 

at an zonal average elevation 

of 2005 m asl.  Southern river valleys and lower elevations are mostly Extremely Hot / 

Mesic with a small area of Extremely Hot / Moist, moist being less humid than mesic in 

this classification. This is evidenced by the ordered range of the Aridity Index (AI) with 

decreasing elevation from the wetter (when PET is considered) Extremely Cold and 

Mesic (1.03) to the drier Extremely Hot/ Moist zone (0.61).   

!

Figure 9: Bioclimatic stratification of Yunnan Province based on averaged weather 
station data from 1960-2000, delineated nine major bioclimatic zones.  
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Table 4:  Characteristics of the bioclimatic strata based on climate data from 1960 to 

2000, showing the area, mean elevation (Mean Elev), mean annual temperature (Mean 

Temp), mean annual precipitation (Mean Precip), and mean aridity-wetness index (AI).  

Higher AI values reflect wetter and better plant growth conditions.  

 

!
 

A similar ordered and environmentally consistent result is evident amongst the 33 strata 

(Figure 10), along all these climate gradients  (Table 5). Average annual temperature 

ranges from 1.5°C for the highest elevation stratum (avg. elev. 4,760 m asl) to 23.9°C for 

the lowest stratum (avg. elev. 620 m asl). Annual mean precipitation ranges from 651 mm 

for one of  the higher elevation strata (G4) in the Cold and Mesic Zone to 1,695 mm  for 

stata K2 in the Warm Temperate and Mesic.  AI indicates moisture and plant growth 

conditions are generally conducive for vegetation growth (e.g., AI > .65 is can be 

considered a threshold for semi-arid) in all strata, with many higher elevation areas 

exhibiting a surplus of moisture at or above full PET (AI >1.0). A small area (less than 

850 km2) of Cold Temperate and Xeric (H5), Hot and Mesic (N4),  and Extremely Hot and 

Moist (R1) can be considered on the drier side in terms of year round plant growth. AI 

values range from fairly dry to moist ( R1 - 0.61) in the Extremely Hot and Mesic zone 

(620 mm annual precipitation with high evapotranspiration) to very mesic (K2 - 1.68) in 

the mid-elevation in the Warm Temperate / Mesic zone. 

 

Figure 10: Stratification of Yunnan Province, based on averaged weather station  
data from 1960-2000, delineated 33 bioclimatic strata within 9 major zones.                    
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Table 5:  Characteristics of GEnS strata based on climate data from 1960 to 2000, 
showing the area, mean elevation (Mean Elev), mean annual temperature (Mean 
Temp), mean annual precipitation (Mean Precip), and mean aridity index (AI).    
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Results of our analysis, using the CIMP5 multi-model ensemble of RCP scenarios for 

Yunnan Province, are in general agreement with projections cited by the China 

National Assessment Report on Climate Change (He et al., 2006; Lin et al., 2006; 

2007), and correspond with observed recent climate trends for the Himalaya region 

(Shresta et al., 2012). An overview of the projected future mean annual temperature 

and precipitation as predicted by each of the CIMP5 models for Yunnan Province in 

2050 (Figure 11), shows that the climate is likely to accelerate current warming 

trends, on average becoming generally hotter within all RCP emission scenarios 

(Table 6). Mean annual temperature averaged across Yunnan is predicted to 

increase from 1.6° to 2.5°C, by 2050, or 1.9° C on average for all RCP. These result 

corresponds closely, but are slightly lower than Lin et al. (2007), who reviewed over 

40 combinations of various models for China as a whole under various emission 

scenarios, and found the country-averaged annual mean temperature for China is 

projected to increase by 2.3 - 3.3°C by 2050, and 3.9 - 6.0°C by 2100, as compared 

to the 30-year average of 1961-1990. Weng and Zhou (2006) using a regional 

climate model (RCM) and weather station data for China from 1951 to 1980, 

estimated air temperature would increase by 2°C under the SERS-A2 scenario, with 

an increase in precipitation of 11-17%.  

 

!"#$%&' (() Bioclimatic stratification of Yunnan Province based on averaged weather 
station data from 1960-2000, and four projected climate change scenarios for 2050.   !
!

!

' '
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There are substantial changes in both the areal extent (Figure 11) and the average 

elevation of the bioclimatic zones, as predicted for 2050 (Table 6). Even when 

and Moist zone (from 1299 to 30,868 km2), the Hot and Mesic (from 113,416 to 

153,809 km2), and the Extremely Hot and Mesic zone (from 17,552 to 52,835 km2). 

There is a drastic a decrease in the Warm Temperate and Mesic zone (from 175,516 

km2 to 91,083 km2), signaling a potential threat for species, and ecosystems, 

adapted to these mid-elevation zones. All zones exhibit an upward shift in average 

elevation (356 m average for all zones in RCP 8.5), ranging from 284 m for the mid 

elevation Warm Temperate and Mesic, to 414 m for the Extremely Hot and Mesic, 

while the average elevation of the Cool Temperate and Xeric zone increases 397 m, 

but its areal extent is increased more than five times.  

 

Likewise, the finer resolution biclimatic strata (Figure 12) shift significantly (Table 7). 

One small strata (K7) is no longer present in the region by 2050. Generally, all the 

higher elevation strata are drastically reduced in area as warmer conditions move 

upslope.  All the strata shift substantially upwards in their average elevation (309 m 

average for all zones), ranging from an upward shift of 224 to 370 m.   

 

A complete and detailed summary analysis of all changes in area and elevation for all 

zones and strata is given in a series of tables in Appendix 3.  Additionally, this 

information is articulated for each of the each of the Priority Areas, summarized in the 

next section, and included in Appendix 1.  
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Figure 12: Bioclimatic stratification of Yunnan Province based on averaged weather 
station data from 1960-2000, and four projected climate change scenarios for 2050. 
!

!
!

!

At the higher emission scenario (RCP 8.5) nearly all strata shift to a different stratum 

(98%), and, more than 65% to a different zone. Overall, these results show a quick 

and drastic change in the spatial distribution of bioclimatic conditions indicating 

significant biological perturbances by 2050, with implications for protected areas, 

threatened biodiversity, and narrow niche endemic species, which may not have the 

velocity to keep up with the rapid pace of change (Pu et al., 2007; Corlett and 

Wescott, 2013). 
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5. Projected Climate Change within BSAP Priority Areas: 
 
This section summarizes results from our analysis of the projected climate change 

and impacts on bioclimatic conditions wihin the BSAP priority areas.  

 

There are eighteen priority area listed in the BSAP.  We give results for 15 of them 

(Figure13), but have excluded the wetland classes (6.1,6.2,6.3) due to their small 

areal extents and dispersed locations, as the unit of measurement for downscaling 

does not allow for proper analysis. 

 

A more detailed presentation of the analysis, with maps, and tables for each of 

priority areas individually across all the RCPs, is provided as supplementary material 

in Appendix 1.  

 
 
Figure 13.  Yunnan Province - Yunnan Biodiversity Strategy and Action Plan (BSAP) 
Priority Areas (Source: Yunnan BSAP, YEPD). 
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The results from our analysis of projected temperature increases within priority areas 

by 2050 indicate an the increase in mean annual temperature for the 15 priority 

areas ranges from 2.0° to 2.2°C for RCP 4.5, and from 2.3° to 2.7°C for RCP 8.5 

(Table 8), with northwestern and western regions showing the largest projected 

increases.  

 
Table 8: Mean Annual Temperature for each of the BSAP Priority Areas under 
current conditions (averaged from 1960-2000) based on downscaled weather station 
data, and projected for the year 2050 under RCP 4.5 and RCP 8.5.  
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The projected year of climate departure for the various priority areas ranges from 

2050 to 2076 under RCP 4.5, and from 2035 to 2049 under RCP 8.5 The Cold-

Temperature Coniferous Forest exhibits the earliest date under both scenarios for 

reaching an unprecedented climate regime, along with the Humid Evergreen 

Broadleaf Forest and the Warm Temperate Coniferous Forest. Under the RCP 4.5 

scenario, all priority areas reach unprecedented bioclimatic conditions by 2070, while 

under the RCP  8.5 scenario, that date is reached by 2049. Table 9 presents the 

priority areas ranked by the date of climate departure, i.e. as a measure of the 

rapidness of warming within that priority area, for both RCP 4.5 and RCP 8.5.  Earlier 

dates can be interpreted to represent a more rapid rate of temperature increase. 
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According to the CIMP5 Earth System Model projections, all priority areas are 

projected to experience a slight increase in Annual Precipitation (Table 10), ranging 

from approximately 1% to 4% under RCP 4.5, and from less than 1% to 7%  under 

RCP 8.5, except for the Dry Hot Valleys of the Jinsha River (Priority Area 4.2) which 

has a slight decrease predicted (1.6%). However, the variability of the precipitation 

predications amongst the models was quite high. 

Table 10: Mean annual precipitation for each of the BSAP Priority Areas under 
current (year 2000) conditions (i.e. averaged from 1960-2000) based on downscaled 
weather station data, and projected for the year 2050 under RCP 4.5 and RCP 8.5.  
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Annual potential evapotranspiration increases for all sites due to the increase in 

temperature (Table 11). The PET measure is however dependent upon both 

temperature and precipitation.  Increased PET can have a significant effect on soil 

water content and plant growth.   PET increases  range from 4.7 to 7.2% under RCP 

4.5, and from 5.8 to almost 10% under RCP 8. 
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23= M.*"EG :%.E+#)E N.*)H OP"$G$""E J$%#H("#& 962 981 19 2.0 967 5 0.5

23; U)E7D# 0)P"$ ,$V/N%+ W#(("V7 923 932 10 1.0 908 (15) (1.6)

43= X#E8#EG :)HH(" :%.E+#)E OP"$G$""E J$%#H("#& 1143 1170 27 2.4 1183 40 3.5

43; M.()#EG :%.E+#)E N.*)H OP"$G$""E J$%#H("#& 1085 1105 20 1.9 1113 27 2.5

43> Y)(#% :%.E+#)E N.*)H OP"$G$""E J$%#H("#& 1233 1245 12 1.0 1250 17 1.4
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Table 11: Annual Potential Evapotranspiration (PET) for each of the BSAP Priority 
Areas under current conditions (averaged from 1960-200) based on downscaled 
weather station data, and projected for the year 2050 under RCP 4.5 and RCP 8.5.  
 

!

 

The Mean Annual Aridity Index for the various BSAP Prority Sites decreases slightly 

for all sites under both emission scenarios (Table 12), except for a slight increase for 

the Tropical Rainforest in Tongbiguan.  A decrease in the Aridity Index signifies a drier 

climate regime and less available moisture for plant growth.  Although the decreases 

seen are rather small, they nevertheless indicate a slightly drier climatic regime.  

Decrease in the Aridity Index ranges from less than 1% to 5.5% under the RCP 4.5 

scenario, and from an increase of almost 2% to a decrease of more than 9% (for the 

Hot Dry Valleys of the Jinsha River) under RCP 8.5. 

Table 12: Mean Aridity Index for BSAP Priority Areas for each of the BSAP Priority 
Areas under current conditions (averaged from 1960-200) based on downscaled 
weather station data, and projected for the year 2050 under RCP 4.5 and RCP 8.5.  
!
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!""" DCEC !"*"

ABBC ABBC ABBC ADC ABBC ABBC ADC

=3= C%$+D"$E F#%()G%EG :%.E+#)E '%(H/I"*-"$#+" '%E)&"$%.7 987 1054 67 6.8 1069 82 8.4

=3; :")() #EH J)(.% KE%L :%.E+#)E '%(H/I"*-"$#+" '%E)&"$%.7 956 1023 67 7.0 1038 82 8.6

=3> !.E()EG :%.E+#)E M#$*/I"*-"$#+" '%E)&"$%.7 964 1033 69 7.2 1049 86 8.9

=32 KD#EG$)/(# :%.E+#)E '%(H/I"*-"$#+" '%E)&"$%.7 915 987 72 7.8 1006 91 9.9

;3= K%.+D"$E F#%()G%EG N.*)H OP"$G$""E J$%#H("#& 1113 1176 63 5.7 1185 72 6.5

;3; I%EGQ)G.#E I$%-)8#( 0#)E&%$"7+ 1384 1449 65 4.7 1456 72 5.2

;3> C#E+)EG 0)P"$ I$%-)8#( 0#)E&%$"7+ 1300 1372 72 5.5 1381 81 6.2

;32 R)7D.#EGQ#EE#I$%-)8#( 0#)E&%$"7+ 1460 1536 76 5.2 1544 85 5.8

;34 N%EGD" :%)7+ 0#)E&%$"7+ S%E" 1285 1368 83 6.5 1381 97 7.5

>3< K%.+D"#7+ !.EE#E T#$7+ :%E7%%E J$%#H("#& OP"$G$""E 1228 1309 81 6.6 1328 100 8.1

23= M.*"EG :%.E+#)E N.*)H OP"$G$""E J$%#H("#& 1068 1135 67 6.3 1151 84 7.8

23; U)E7D# 0)P"$ ,$V/N%+ W#(("V7 1187 1263 77 6.5 1281 95 8.0

43= X#E8#EG :)HH(" :%.E+#)E OP"$G$""E J$%#H("#& 1154 1224 69 6.0 1234 80 6.9

43; M.()#EG :%.E+#)E N.*)H OP"$G$""E J$%#H("#& 1212 1280 69 5.7 1292 80 6.6

43> Y)(#% :%.E+#)E N.*)H OP"$G$""E J$%#H("#& 1227 1299 72 5.9 1311 84 6.8
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ADC ADC

=3= C%$+D"$E F#%()G%EG :%.E+#)E '%(H/I"*-"$#+" '%E)&"$%.7 1.13 1.09 (0.03) (2.8) 1.08 (0.04) (3.8)

=3; :")() #EH J)(.% KE%L :%.E+#)E '%(H/I"*-"$#+" '%E)&"$%.7 1.11 1.07 (0.04) (3.4) 1.06 (0.05) (4.3)

=3> !.E()EG :%.E+#)E M#$*/I"*-"$#+" '%E)&"$%.7 0.95 0.92 (0.03) (3.4) 0.91 (0.05) (4.8)

=32 KD#EG$)/(# :%.E+#)E '%(H/I"*-"$#+" '%E)&"$%.7 0.89 0.85 (0.04) (4.0) 0.83 (0.06) (6.3)

;3= K%.+D"$E F#%()G%EG N.*)H OP"$G$""E J$%#H("#& 1.28 1.25 (0.03) (2.0) 1.27 (0.01) (0.6)

;3; I%EGQ)G.#E I$%-)8#( 0#)E&%$"7+ 1.17 1.17 (0.00) (0.4) 1.20 0.02 1.8

;3> C#E+)EG 0)P"$ I$%-)8#( 0#)E&%$"7+ 1.06 1.03 (0.03) (2.4) 1.04 (0.02) (1.8)

;32 R)7D.#EGQ#EE#I$%-)8#( 0#)E&%$"7+ 1.06 1.03 (0.03) (2.6) 1.03 (0.03) (2.8)

;34 N%EGD" :%)7+ 0#)E&%$"7+ S%E" 1.15 1.09 (0.06) (5.3) 1.08 (0.07) (6.1)

>3< K%.+D"#7+ !.EE#E T#$7+ :%E7%%E J$%#H("#& OP"$G$""E 1.03 1.00 (0.03) (3.4) 0.97 (0.06) (5.8)

23= M.*"EG :%.E+#)E N.*)H OP"$G$""E J$%#H("#& 0.91 0.87 (0.04) (4.0) 0.85 (0.06) (6.8)

23; U)E7D# 0)P"$ ,$V/N%+ W#(("V7 0.83 0.78 (0.05) (5.5) 0.75 (0.08) (9.2)

43= X#E8#EG :)HH(" :%.E+#)E OP"$G$""E J$%#H("#& 1.00 0.96 (0.03) (3.4) 0.97 (0.03) (3.1)

43; M.()#EG :%.E+#)E N.*)H OP"$G$""E J$%#H("#& 0.91 0.87 (0.03) (3.6) 0.87 (0.03) (3.8)

43> Y)(#% :%.E+#)E N.*)H OP"$G$""E J$%#H("#& 1.01 0.96 (0.05) (4.6) 0.96 (0.05) (5.0)
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For all of the BSAP priority areas there are substantial changes in both the areal 

extent and the average elevation of the bioclimatic zones, as predicted for 2050 

(Tables 13, 14). All zones exhibit an upward shift in average elevation (356 m 

average for all zones in RCP 8.5), ranging from 195 m to over 400 m.   

 

Table 13: Change in spatial distribution of bioclimatic zones by the year 2050 under 
the RCP 8.5 scenario, for all area within the BSAP priority areas considered together. 

  

M)%3()*#+)3 N%0" N%0" [-\#$7 >X)&+

DCCC 5'1HE J6*
D
K ^ DCCC 5'1HE J*K

1$)%$)+9 ;$"#? ;((

:=+$"*"(9 3%(7 #07 *"4)3 P 4=5A =;BA 6>Z@;<? 6AB? 2>=2 2B45 >22

'%(7 #07 *"4)3 Q =>B@4 5@== 62ZA52? 6>4? >4A2 >@AA 2<>

'%%( +"*-"$#+" #07 ="$)3 R B4< >4A= ;Z@;= 22@ >=25 >445 2<@

'%%( +"*-"$#+" #07 *%)4+ S 52AA ABA= 65<B? 6=<? ;@>; >;5= >4<

T#$* +"*-"$#+" #07 *"4)3 U >4=2< ;B4=> 65ZB;A? 6;4? =@B= ;>55 2;A

T#$* +"*-"$#+" #07 ="$)3 V A@@ =B== 5=; =<; =4<@ =A<2 =@4

:=+$"*"(9 X%+ #07 *"4)3 < 4;5< =;;;; BZ@2; =>= A;5 =<5@ >B=

R%+ #07 *"4)3 W ;;A2> ;;22= 6><;? 6=? ==5= =4=@ >>@

:=+$"*"(9 X%+ #07 *%)4+ 5 @< A542 AZAB2 5ZB;A 2B= 5=B >44

;$"# J6*
D
K ;$"# 'X#0O" <"#0 :("2#+)%0 J* #4(K



! $&!

Table 14: Change in spatial distribution of bioclimatic zones by the year 2050 under 
the RCP 8.5 scenario, for each of the BSAP priority areas. 
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Table 14 (cont.): Change in spatial distribution of bioclimatic zones by the year 2050 
under the RCP 8.5 scenario, for each of the BSAP priority areas. 
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The percent of the total area of  each of the priority areas that shifts to another major 

bioclimatic zone ranges from 23% to over 80 % under the RCP 8.5 scenario.  

Likewise, the range of percent shift for strata is from 83 to 100%. 

 
Table 15: The percent of the total area of each Priority Area that shifts to another 
zone or strata by 2050 under the RCP 8.5 scenario. 
!
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A detailed presentation in tables and maps of climatic conditions and projected 

change in the spatial distribution of bioclimatic conditions within each of the 15 

Priority Areas is given in Appendix One. 
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6. Climate change impacts on the Protected Area Network in Yunnan:   
  

A$-2#:2#7'E$#+'G#2&-$H'''

 
As reported in current statistics for 2012, there are 159 nature reserves that have 

been established in  Yunnan, coprising a total area of  28,300 km2, and accounting 

for 7.2% of the total province area.  

 

In our analysis of protected area, we relied on data from the YEPD, which was 

provided as the most current and updated data, available as a digital dataset of 

protected area, but known to be incomplete. In total, we were able to analyze over 

23,000 km2 (i.e.,  over 83% of the protected area of Yunnan) of various levels of 

protected areas in Yunnan Province, which included both National Nature Reserves 

and Provincial Nature Reserves (Figure 14).  Based on the YEPD Protected Area 

dataset, o a whole, 56.6% of all this Protected Area in Yunnan is projected to shift to 

different bioclimatic zone by the year 2050 (i.e., under RCP 8.5), and 93% of this 

total Protected Area will shift to a different bioclimatic stratum.  

 
Figure 14:  Map showing location of Protected Area in Yunnan, including both 
provincial and national natural reserves, in relation to BSAP Priority Areas. 

'''''' '
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Table 16 shows the distribution of bioclimatic zones within all the Protected Area for 

all of Yunnan. The single largest bioclimatic zone comprising this Protected Area is 

the Warm Temperate and Mesic, followed by Hot and Mesic. There is a very 

significant increase in the area of the two warmest bioclimatic zones, and likewise, a 

significant decrease in the two coldest bioclimatic zones indicating that species found 

in these colder zones may not find this set of bioclimatic conditions within Yunnan by 

2050. The upward shift of the average elevation of these bioclimatic zones (i.e. under 

all bioclimatic zones is 379 m. 

 

 

 

 

Table 16:  Distribution of bioclimatic zones and strata within Protected Area within 

Yunnan under current conditions (as averaged from 1960-2000), and as projected for 

the year 2050 under the RCP 8.5 scenario.  

 

 

 

There are similar predicted shifts for the finer resolution bioclimatic strata i.e. which 

make up the bioclimatic zones (Table 17). There is a reduction of area for the coldest 

strata, and significant shifting of strata within all zones. The average mean elevation 

of the bioclimatic strata (within all of the Protected Area in Yunnan) is projected to 

shift 403 m by 2050 (i.e. under RCP 8.5).  
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Table 17:  Distribution of bioclimatic strata within the protected area network of 

Yunnan under current conditions (as averaged from 1960-2000), and as projected for 

the year 2050 under RCP 8.5.  

!
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Figure 15:  Distribution of bioclimatic zones within the protected area network of 

Yunnan under current conditions (as averaged from 1960-2000), and as projected for 

the year 2050 under emission scenarios RCP 4.5 and  RCP 8.5  
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The distribution of bioclimatic zones within protected area within each of the Priority 

Areas is given in Table 18.  Only 1 of the 15 priority areas does not contain any 

protected area.  Almost 19,000 km2, out of a total of 23,000 km2 for all Yunnan (more 

than 80%) of all protected area is found in these 16 priority areas. More than 13,000 

km2 or roughly more than 55% percent of all the Protected Areas in Yunnan, are 

found within these five Priority Areas. The number of bioclimatic zones found within 

each Priority Area is indicative of the diversity of area protected within that Priority 

Area. For example, Yunling Mountain and Jinsha River Dry-Hot Valleys both have a 

high diversity of habitats within Protected Area, i.e., seven zones, although several 

are small in area.. The average upwards shift for the mean elevation of all the 

bioclimatic zone is 304 m.  

Table 18: Distribution of bioclimatic zones within Protected Area within all BSAP 

Priority Areas, and their change in areal extent and upward shift in mean elevation by 

the year 2050 under the RCP 8.5 emission scenario. 
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Table 18 (Cont.): Distribution of bioclimatic zones within Protected Area within all 

BSAP Priority Areas, and their change in areal extent and upward shift in mean 

elevation by the year 2050 under the RCP 8.5 emission scenario. 
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7. Summary and Conclusions: 
 
Overall, the results of this analysis show a quick and drastic change in the spatial 

distribution of bioclimatic conditions throughout Yunnan Province, and predict 

significant and increasing biophysical and biological perturbance for species and 

ecosystems in the near- to medium-term future under all scenarios. The magnitude of 

predicted change indicated by our analysis points to profound impacts on terrestrial 

ecosystems, biodiversity, and ecosystem services across Yunnan Province by 2050 

as a result of warming and climate disruption, and the shifting of bioclimatic 

conditions spatially, particularly within mountainous terrain. This change will impact 

upon the conservation effectiveness of many protected areas and other biodiversity 

conservation efforts within Yunnan Province as ecological conditions within these 

areas may change beyond limits conducive for the species currently found there, or 

allow for newly invasive species.   

 

A major conclusion to be drawn from this report is the over-riding necessity to 

recognize the now central role of a rapidly changing climate across Yunnan Province, 

and the need to incorporate and plan for adaptation within conservation planning, 

efforts and policy. Below we list some of the major findings of this report: 

!
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 The climate is likely to accelerate current rapid warming trends, on average 

becoming generally hotter across all of Yunnan under all RCP emission scenarios. 

Mean annual temperature averaged across Yunnan is predicted to increase from 

1.6° to 2.5°C, by 2050. 

 

 Yunnan Province appears to be one of the faster warming regions within the PRC 

and the greater East Asian region. Within Yunnan Province, the western and 

northwestern regions seem to have the most rapid projected rates of warming.  

Of the 16 prefectures within Yunnan Province, Nujiang, Dali, and Baoshan are 

warming most rapidly.   

 

 The increase in mean annual temperature by 2050 is greatest in the northwestern 

parts of Yunnan, approaching and exceeding 3.0 °C increase under the RCP 8.5 

scenario in the very northwest of Yunnan.  Similarly, both minimum and maximum 

annual temperatures increase.  

 

 Although the models project a slight increase in precipitation across Yunnan, the 

observed data shows a decreasing trend in precipitation over the last 50 years. In 

general, there is a high variability in the projections of precipitation among the 

models in the ensemble, so that the uncertainty of these projections is high, much 

higher than for the temperature projections, which have a relatively high 

agreement among models, i.e. confidence level. 
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 Nine major bioclimatic zones, and 33 strata, were identified through this study as 

currently found within Yunnan, ranging from Extremely Hot and Moist at low 

elevations, to Extremely Cold and Mesic at high elevations. 

 

 There are substantial changes in both the areal extent and the average elevation 

of the bioclimatic zones, as projected for 2050. There is a large expansion in the 

extent of the hotter zones: Extremely Hot and Moist, the Hot and Mesic, and the 

Extremely Hot and Mesic. 

 

 Tropical forests may see an expansion of their range, however, these areas may 

then also become susceptible to further risk of clearing for plantation 

development as they become optimal zones for expansion of rubber production. 

The optimal area for rubber production shift upwards in mean elevation by more 

than 300m by 2050, expanding to cover 75% of Xishuangbanna. 

 

 There is a drastic a decrease in the Warm Temperate and Mesic zone, and the 

highest and colder zones, signaling a potential threat for species and ecosystems 

adapted to these mid- and high-elevation zones. Temperate forests and high 

levels of biodiversity found in sub-alpine and alpine zones at higher elevations, 

appear to be at high risk, as several strata associated with these ecotypes 

diminish substantially.   

 

 All zones exhibit an upward shift in average elevation, ranging from 284 m to 414 

m. 
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 The increase in mean annual temperature by 2050 for the 15 priority areas 

ranges from 2.0° to 2.2°C for under the RCP 4.5 scenario, and from 2.3° to 2.7°C 

under RCP 8.5, with priority areas in the northwestern and western regions 

showing the largest projected increases.  

 

 The Cold-Temperate Coniferous Forest Zones exhibit the most rapid warming, 

along with the Humid Evergreen Broadleaf Forest and the Warm Temperate 

Coniferous Forest. All priority areas reach novel and unprecedented bioclimatic 

conditions by 2070 under scenario RCP 4.5, while under the RCP  8.5 scenario, 

that date is reached by 2049. 

 

 For all of the BSAP priority areas there are substantial changes in both the areal 

extent and the average elevation of the bioclimatic zones, as predicted for 2050, 

with all bioclimatic zones within priority areas exhibiting an upward shift in 

average elevation, ranging from 195 m to over 400 m., with an average for all 

zones under RCP 8.5 of 356 m.   

 

 The percent of the total area of each of the priority areas that shifts to another 

major bioclimatic zone ranges from 23% to over 80 % under the RCP 8.5 

scenario.  Likewise, the range of percent shift for strata is from 83 to 100%. 
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 There are over 28, 000 km2 of various levels of protected areas in Yunnan 

Province., which includes both National Nature Reserves and Provincial Nature 

Reserves.   On a whole, 56% of all the Protected Area in Yunnan we analyzed 

(23,000 km2) is projected to shift to different bioclimatic zone by the year 2050, 

and 93% of this total Protected Area will shift to a different bioclimatic stratum 

(under RCP 8.5). 

 

 The single largest bioclimatic zone comprising this Protected Area is the Warm 

Temperate and Mesic, followed by the Hot and Mesic.  

 

 There is a very substantial increase in the area of the two warmest bioclimatic 

zones. 

 

 There is a drastic decrease in the two coldest bioclimatic zones indicating that 

species found in these colder zones may easily find this set of bioclimatic 

conditions within Yunnan by 2050.  

 

 The upward shift of the average elevation of these bioclimatic zones (i.e. under 

RCP 8.5) ranges from 249 m, to over 500 m. The average upward shift for all 

bioclimatic zones is 379 m within all protected area is. 

 

 There is a reduction of area for the coldest strata, and significant shifting of strata 

within all zones. The average mean elevation of the bioclimatic strata (within all of 

the Protected Area in Yunnan) is projected to shift 403 m by 2050 (i.e. under 

RCP 8.5).  

 

 Eight priority areas where ranked, of which only one does not contain any 

Protected Area. More than 13,000 km2 (out of a total of 23,000 km2 for all 

Yunnan), or roughly more than 55% percent of all the Protected Areas in Yunnan, 

are found within these eight Priority Areas, and more than 80% in all the 14 

priority areas.  

 

 Yunling Mountain and Jinsha Valley have the highest diversity of habitats within 

Protected Area, i.e., seven zones, although several are small in area, and new 

zones appears by 2050. The average upwards shift for the mean elevation of the 

bioclimatic zones within protected area within BASP priority areas is 304 m.   

 
Impacts on specific vegetation types, particular species, or wildlife, are difficult to 

predict, as the spatial distribution of life forms cannot be defined in purely 

ecophysiological terms, and are likewise subject to other secondary change 

processes, for example disruption of pest or pollinator cycles. In general, although 

species ranges may shift, the ability to survive, adapt or benefit from these changes 

is species- and site- specific, and depends on factors such as population dynamics, 



! %(!

seed dispersal mechanisms, habitat fragmentation, permeability of the landscape 

matrix, and physiological adaptability. Improving our understanding of these 

responses is among many important efforts that must be implemented if conservation 

strategies and policies are to be effective within the context of a rapidly changing 

climate. However, given the spatial isolation of suitable habitat for many endemic 

species found in Yunnan, the results of this analysis forewarn of a prolonged period 

of climate perturbation and of ecological disruption and potentially widespread 

extinctions, without concerted conservation efforts to mitigate habitat loss. 
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Based on an improved knowledge base of projected changes, impacts, and 

responses, and science- and evidence-based decision-making and planning, a 

number of actions (and tools) are available to incorporate climate change and 

adaption into conservation at various scales and levels. A number of authors have 

reviewed recommendations for adaptation strategies (Mawdsley et al., 2009), 

biodiversity management in the face of climate change ((Heller and Zavaleta, 2009), 

and incorporating climate change into systematic conservation planning (Groves et 

al., 2012). All stress the need to incorporate a fundamental awareness of on-going 

rapid climatic change in all levels of conservation planning and policy.  In response to 

anticipated effects of climate change, conservation organizations and government 

agencies throughout the world  at various 

scales to facilitate the adjustment of human society and ecological systems to altered 

climate regimes.  

 

Mawdsley et al (2009) identified 16 general adaptation strategies that relate directly 

to the conservation of biological diversity.  

 

These strategies can be grouped into four broad categories:  

 Land And Water Protection And Management;  

 Direct Species Management;  

 Monitoring And Planning;  

 Law And Policy.  

Tools for implementing these strategies are similar or identical to those already in use 

by conservationists worldwide (land and water conservation, ecological restoration, 

agri-environment schemes, species translocation, captive propagation, monitoring, 

natural resource planning, and legislation/regulation). The authors state that their 

review indicates natural resource managers already have many tools that can be 

used to address climate-change effects, However, managers will likely need to apply 

these tools in novel and innovative ways to meet the unprecedented challenges 

posed by climate change. Below is a brief enumeration of some of these broad 

strategies and actions for addressing climate change for effective biodiversity 

conservation efforts, planning and policy (Source: Mawsley et al., 2009): 
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Strategies Related to Land and Water Protection and Management 

1. Increase Extent of Protected Areas 

2. Improve Representation and Replication within Protected-Area Networks 

3. Improve Management and Restoration of Existing Protected Areas to Facilitate 
Resilience 

4. Design New Natural Areas and Restoration Sites to Maximize Resilience 

5. Protect Movement Corridors, Stepping Stones, and Refugia 

6. Manage and Restore Ecosystem Function Rather than Focusing on Specific 
Components (Species or Assemblages) 

7. Improve the Matrix by Increasing Landscape Permeability to Species Movement 

Strategies Related to Direct Species Management 

8. Focus Conservation Resources on Species that Might Become Extinct 

9. Translocate Species at Risk of Extinction 

10. Establish Captive Populations of Species that Would Otherwise Go Extinct 

11. Reduce Pressures on Species from Sources Other than Climate Change 

Strategies Related to Monitoring and Planning 

12. Evaluate and Enhance Monitoring Programs for Wildlife and Ecosystems 

13. Incorporate Predicted Climate-Change Impacts into Species and Land-
Management Plans, Programs, and Activities 

14. Develop Dynamic Landscape Conservation Plans 

15. Ensure Wildlife and Biodiversity Needs Are Considered as Part of the Broader 
Societal Adaptation Process 

Strategy Related to Law and Policy 

16. Review and Modify Existing Laws, Regulations, and Policies Regarding Wildlife 
and Natural Resource Management 

 

In developing and planning for conservation, some or all of these strategies and 

actions can be considered within the specific context of each of the ranked BSAP 

Priority Areas within Yunnan, and their specific conservation issues and challenges. 

In particular, it is recommend that the opportunities for increased connectivity, 

landscape matrix mosaics and increased permeability, and expansion of protected 

areas should be explored at an early stage, as these opportunities may be time 

limited by other ongoing landuse change processes. 
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Appendix 1: BSAP Priority Areas:  
 
Climatic conditions and projected impacts on spatial distribution of 
bioclimatic zones and strata by the year 2050. 
 
This section presents a detailed overview in tables and maps of the current 
conditions (averaged 1960-2000) and the CIMP5-ESM downscaled projections for 
the 15 BSAP priority areas.  All four RCP scenarios are given in the tables and maps 
presented here.  An overview and synthesis of climate change impacts within all the 
priority areas is given in the main body text.  
 
Yunnan Province - Yunnan Biodiversity Strategy and Action Plan (BSAP) Priority 
Areas (Source: Yunnan BSAP, YEPD). 
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Priority Area: 1.1  
 
Northern Gaoligong Mountain Cold-Temperate Coniferous Forest 
!

 
 

 

 

 

Table 1.1.1:  Characteristics of the bioclimatic zones found within the priority area 

including areal extent, mean annual temperature, mean annual precipitation, mean 

potential evapotranspiration (PET), and aridity-wetness index (higher values are 

interpreted as wetter conditions). 
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Figure 1.1.1: Spatial distribution of mean annual temperature showing current 
conditions (averaged from 1960-200) based on downscaled weather station data, 
and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.   
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Figure 1.1.2: Spatial distribution of annual precipitation showing current conditions 
(averaged from 1960-200) based on downscaled weather station data, and projected 
for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.   
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Figure 1.1.3: Spatial distribution of potential evapotranspiration (PET) showing 
current conditions (averaged from 1960-200) based on downscaled weather station 
data, and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 
8.5.   
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Figure 1.1.4: Spatial distribution of the aridity-wetness index showing current 
conditions (averaged from 1960-200) based on downscaled weather station data, 
and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.  
(Higher values indicate wetter conditions). 
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Figure 1.1.5:  Distribution of bioclimatic zones within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  
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Table 1.1.2: Projected change in areal extent and mean elevation of bioclimatic 

zones and their upward shift by 2050 under the RCP 8.5 emission scenario. 
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Figure 1.1.6:  Distribution of bioclimatic strata within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5. !
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Table 1.1.3: Projected change in areal extent and mean elevation of bioclimatic 

strata and their upward shift by 2050 under the RCP 8.5 emission scenario. 
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Figure 1.1.7:  Distribution of Protected Area within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  

 

 
 

Table 1.1.4: Projected change in areal extent and mean elevation of bioclimatic 

strata within Protected Area, and their upward shift by 2050 under the RCP 8.5 

emission scenario. 
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Priority Area 1.2  
 
Meili and Biluo Snow Mountain Cold-Temperate Coniferous Forest!
!
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Table 1.2.1:  Characteristics of the bioclimatic zones found within the priority area 

including areal extent, mean annual temperature, mean annual precipitation, mean 

potential evapotranspiration (PET), and aridity-wetness index (higher values are 

interpreted as wetter conditions). 
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Figure 1.2.1: Spatial distribution of mean annual temperature showing current 
conditions (averaged from 1960-200) based on downscaled weather station data, 
and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.   
!
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Figure 1.2.2: Spatial distribution of annual precipitation showing current conditions 
(averaged from 1960-200) based on downscaled weather station data, and projected 
for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.   
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Figure 1.2.3: Spatial distribution of potential evapotranspiration (PET) showing 
current conditions (averaged from 1960-200) based on downscaled weather station 
data, and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 
8.5.   
!
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Figure 1.2.4: Spatial distribution of the aridity-wetness index showing current 
conditions (averaged from 1960-200) based on downscaled weather station data, 
and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.  
(Higher values indicate wetter conditions). 
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Figure 1.2.5:  Distribution of bioclimatic zones within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  

 

 

Table 1.2.2: Projected change in areal extent and mean elevation of bioclimatic 

zones and their upward shift by 2050 under the RCP 8.5 emission scenario.!
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Figure 1.2.6:  Distribution of bioclimatic strata within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  

 

           
 

Table 1.2.3: Projected change in areal extent and mean elevation of bioclimatic 

strata and their upward shift by 2050 under the RCP 8.5 emission scenario.!
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Figure 1.2.7:  Distribution of Protected Area within the Priority Area, under current 
conditions (as averaged from 1960-2000), and as projected for the year 2050 under 
emission scenarios RCP 4.5 and  RCP 8.5. !
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Priority Area: 1.3   
!

Yunling Mountain Warm-Temperate Coniferous Forest 
!

   
 

 

 

 

Table 1.3.1:  Characteristics of the bioclimatic zones found within the priority area 

including areal extent, mean annual temperature, mean annual precipitation, mean 

potential evapotranspiration (PET), and aridity-wetness index (higher values are 

interpreted as wetter conditions). 
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Figure 1.3.1: Spatial distribution of mean annual temperature showing current 
conditions (averaged from 1960-200) based on downscaled weather station data, 
and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.   
!
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Figure 1.3.2: Spatial distribution of annual precipitation showing current conditions 
(averaged from 1960-200) based on downscaled weather station data, and projected 
for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.   
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Figure 1.3.3: Spatial distribution of potential evapotranspiration (PET) showing 
current conditions (averaged from 1960-200) based on downscaled weather station 
data, and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 
8.5.   
!
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Figure 1.3.4: Spatial distribution of the aridity-wetness index showing current 
conditions (averaged from 1960-200) based on downscaled weather station data, 
and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.  
(Higher values indicate wetter conditions). 
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Figure 1.3.5:  Distribution of bioclimatic zones within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  

 

 
 

 

Table 1.3.2: Projected change in areal extent and mean elevation of bioclimatic 

zones and their upward shift by 2050 under the RCP 8.5 emission scenario.!
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Figure 1.3.6:  Distribution of bioclimatic strata within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  

                 

Table 1.3.3: Projected change in areal extent and mean elevation of bioclimatic 

strata and their upward shift by 2050 under the RCP 8.5 emission scenario.!
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Figure 1.3.7:  Distribution of Protected Area within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  
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Table 1.3.4: Projected change in areal extent and mean elevation of bioclimatic 
strata within Protected Area, and their upward shift by 2050 under the RCP 8.5 
emission scenario. 
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Priority Area: 1.4  
 
Shangri-la Mountain Cold-Temperate Coniferous Forest 
!

   

 

 

 

 

Table 1.4.1:  Characteristics of the bioclimatic zones found within the priority area 

including areal extent, mean annual temperature, mean annual precipitation, mean 

potential evapotranspiration (PET), and aridity-wetness index (higher values are 

interpreted as wetter conditions). 
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Figure 1.4.1: Spatial distribution of mean annual temperature showing current 
conditions (averaged from 1960-200) based on downscaled weather station data, 
and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.   
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Figure 1.4.2: Spatial distribution of annual precipitation showing current conditions 
(averaged from 1960-200) based on downscaled weather station data, and projected 
for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.   
 

 

 

  

5'1

<"#0 <)0 <#= >+7

DCCC 5<= B=A =<2@ @B

5'1DB 5;4 B25 =<A> @;

5'1GE 5>= B4; =<5; @>

5'1BC 5<4 B>< =<44 @=

5'1HE 5;B B25 =<A@ @>

;00.#( 1$"3)-)+#+)%0 J**_9$K



! )#!

Figure 1.4.3: Spatial distribution of potential evapotranspiration (PET) showing 
current conditions (averaged from 1960-200) based on downscaled weather station 
data, and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 
8.5.   
!

 

 

                               

5'1

<"#0 <)0 <#= >+7

DCCC @=4 4>; =>A2 =22

5'1DB @A4 455 =2>= =2>

5'1GE @5A B<< =22< =2;

5'1BC @BA 45; =2=5 =2=

5'1HE =<<B B=B =2B< =2;

1:I J**_9$K



! )$!

Figure 1.4.4: Spatial distribution of the aridity-wetness index showing current 
conditions (averaged from 1960-200) based on downscaled weather station data, 
and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.  
(Higher values indicate wetter conditions). 
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Figure 1.4.5:  Distribution of bioclimatic zones within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  

 

  

 

Table 1.4.2: Projected change in areal extent and mean elevation of bioclimatic 

zones and their upward shift by 2050 under the RCP 8.5 emission scenario.!
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Figure 1.4.6:  Distribution of bioclimatic strata within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  

 

           

Table 1.4.3: Projected change in areal extent and mean elevation of bioclimatic 
strata and their upward shift by 2050 under the RCP 8.5 emission scenario. 
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Figure 1.4.7:  Distribution of Protected Area within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  
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Table 1.4.4: Projected change in areal extent and mean elevation of bioclimatic 
strata within Protected Area, and their upward shift by 2050 under the RCP 8.5 
emission scenario. 
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Priority Area: 2.1   
 
Southern Gaoligong Mountain Humid Evergreen Broadleaf Forest 
!
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Table 2.1.1:  Characteristics of the bioclimatic zones found within the priority area 

including areal extent, mean annual temperature, mean annual precipitation, mean 

potential evapotranspiration (PET), and aridity-wetness index (higher values are 

interpreted as wetter conditions). 
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Figure 2.1.1: Spatial distribution of mean annual temperature showing current 
conditions (averaged from 1960-200) based on downscaled weather station data, 
and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.   
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Figure 2.1.2: Spatial distribution of annual precipitation showing current conditions 
(averaged from 1960-200) based on downscaled weather station data, and projected 
for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.   
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Figure 2.1.3: Spatial distribution of potential evapotranspiration (PET) showing 
current conditions (averaged from 1960-200) based on downscaled weather station 
data, and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 
8.5.   
!
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Figure 2.1.4: Spatial distribution of the aridity-wetness index showing current 
conditions (averaged from 1960-200) based on downscaled weather station data, 
and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.  
(Higher values indicate wetter conditions). 
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Figure 2.1.5:  Distribution of bioclimatic zones within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  

 

  

 

Table 2.1.2: Projected change in areal extent and mean elevation of bioclimatic 

zones and their upward shift by 2050 under the RCP 8.5 emission scenario.!
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Figure 2.1.6:  Distribution of bioclimatic strata within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  

 

 

 

Table 2.1.3: Projected change in areal extent and mean elevation of bioclimatic 

strata and their upward shift by 2050 under the RCP 8.5 emission scenario. 
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Figure 2.1.7:  Distribution of Protected Area within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  
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Table 2.1.4: Projected change in areal extent and mean elevation of bioclimatic 
strata within Protected Area, and their upward shift by 2050 under the RCP 8.5 
emission scenario. 
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Priority Area: 2.2  
 
Tongbiguan Tropical Rainforest 
!

   

 

 

 

 

 

Table 2.2.1:  Characteristics of the bioclimatic zones found within the priority area 

including areal extent, mean annual temperature, mean annual precipitation, mean 

potential evapotranspiration (PET), and aridity-wetness index (higher values are 

interpreted as wetter conditions). 
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Figure 2.2.1: Spatial distribution of mean annual temperature showing current 
conditions (averaged from 1960-200) based on downscaled weather station data, 
and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.   
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Figure 2.2.2: Spatial distribution of annual precipitation showing current conditions 
(averaged from 1960-200) based on downscaled weather station data, and projected 
for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.   
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Figure 2.2.3: Spatial distribution of potential evapotranspiration (PET) showing 
current conditions (averaged from 1960-200) based on downscaled weather station 
data, and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 
8.5.   
!
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Figure 2.2.4: Spatial distribution of the aridity-wetness index showing current 
conditions (averaged from 1960-200) based on downscaled weather station data, 
and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.  
(Higher values indicate wetter conditions). 
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Figure 2.2.5:  Distribution of bioclimatic zones within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  

 

 

 

Table 2.2.2: Projected change in areal extent and mean elevation of bioclimatic 

zones and their upward shift by 2050 under the RCP 8.5 emission scenario. 
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Figure 2.2.6:  Distribution of bioclimatic strata within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  

 

 
 

Table 2.2.3: Projected change in areal extent and mean elevation of bioclimatic 

strata and their upward shift by 2050 under the RCP 8.5 emission scenario. 
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Figure 2.2.7:  Distribution of Protected Area within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  
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Table 2.2.4: Projected change in areal extent and mean elevation of bioclimatic 

strata within Protected Area, and their upward shift by 2050 under the RCP 8.5 

emission scenario. 
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Priority Area: 2.3   
 
Nanting River Tropical Rainforest 
!

  

 

 

 

 

 

Table 2.3.1:  Characteristics of the bioclimatic zones found within the priority area 

including areal extent, mean annual temperature, mean annual precipitation, mean 

potential evapotranspiration (PET), and aridity-wetness index (higher values are 

interpreted as wetter conditions). 

!

 
  

1$)%$)+9 ;$"#? D]Y

M)%3()*#+)3 N%0" N%0" ;$"# <"#0 :("2 <"#0 I"*- ;00.#( 1$"3)- ;00.#( 1:I ;$)7)+9 L07"=

b*; * #7( ' ** **

V

'%(H #EH *"7)8 F = >;2@ 53= =>>B @22 =32;

'%%( +"*-"$#+" #EH *%)7+ U B< ;5A; =<32 =>B= =<2< =3>=

M#$* +"*-"$#+" #EH *"7)8 T ;45A ;<5; =23B =>2@ =;;2 =3==

O`+$"*"(V D%+ #EH *"7)8 : ;<B ABA ;=34 =>@5 =445 <3@

N%+ #EH *"7)8 C =;=@ =;2B =@ =>5> =2>= <3@A



! "N%!

Figure 2.3.1: Spatial distribution of mean annual temperature showing current 
conditions (averaged from 1960-200) based on downscaled weather station data, 
and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.   
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Figure 2.3.2: Spatial distribution of annual precipitation showing current conditions 
(averaged from 1960-200) based on downscaled weather station data, and projected 
for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.   
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Figure 2.3.3: Spatial distribution of potential evapotranspiration (PET) showing 
current conditions (averaged from 1960-200) based on downscaled weather station 
data, and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 
8.5.   
!
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Figure 2.3.4: Spatial distribution of the aridity-wetness index showing current 
conditions (averaged from 1960-200) based on downscaled weather station data, 
and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.  
(Higher values indicate wetter conditions). 
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Figure 2.3.5:  Distribution of bioclimatic zones within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  

 

 
 

 

Table 2.3.2: Projected change in areal extent and mean elevation of bioclimatic 

zones and their upward shift by 2050 under the RCP 8.5 emission scenario.!
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Figure 2.3.6:  Distribution of bioclimatic strata within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  

 

 

Table 2.3.3: Projected change in areal extent and mean elevation of bioclimatic 

strata and their upward shift by 2050 under the RCP 8.5 emission scenario.!

 

1$)%$)+9 ;$"#? D]Y

M)%3()*#+)3 N%0" N%0" [-\#$7 >X)&+

DCCC 5'1HE J6*
D
K ^ DCCC 5'1HE J*K

'%(H #EH *"7)8 F=> = / / / >;5@ / /

'%%( +"*-"$#+" #EH *%)7+ U> >> / / / ><>2 / /

'%%( +"*-"$#+" #EH *%)7+ U2 ;A 42 ;A =<< ;A4; ;@4A ;<4

M#$* +"*-"$#+" #EH *"7)8 T= B<= / / / ;4=< / /

M#$* +"*-"$#+" #EH *"7)8 T4 >2 / / / ;;44 / /

M#$* +"*-"$#+" #EH *"7)8 TA B54 44A 6=;5? 6=@? ;;=< ;4>; >;>

M#$* +"*-"$#+" #EH *"7)8 T=< =BA B 6=B=? 6@B? ;<5@ ;2<A >=5

M#$* +"*-"$#+" #EH *"7)8 T=> =<A@ =<=> 6BB? 6B? =A4A ;=A> 2=B

N%+ #EH *"7)8 C; 2= =< 6>=? 6AB? =B2@ ;<22 >@4

N%+ #EH *"7)8 C> B2A A;< A> == =>A= =A5@ 2=5

N%+ #EH *"7)8 C4 =4 2; ;A =5< =2>@ =55< 22<

N%+ #EH *"7)8 C5 >24 4BB ;;= B2 =<@= =2B4 >A2

N%+ #EH *"7)8 C@ =5 =B4 =2A 5=A ==45 =24; ;@2

N%+ #EH *"7)8 C== =4< ; 6=25? 6@@? @=; =45B BA2

O`+$"*"(V D%+ #EH *"7)8 :; / ;= / / / =;45 /

O`+$"*"(V D%+ #EH *"7)8 :2 =5@ 42A >45 =5@ A4@ ==4B >@A

O`+$"*"(V D%+ #EH *"7)8 :A = / / / 42> / /

O`+$"*"(V D%+ #EH *%)7+ 0= / >>< / / / 5;= /

;$"# J6*DK ;$"# 'X#0O" <"#0 :("2#+)%0 J* #4(K



! ""N!

Figure 2.3.7:  Distribution of Protected Area within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  
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Table 2.3.4: Projected change in areal extent and mean elevation of bioclimatic 

strata within Protected Area, and their upward shift by 2050 under the RCP 8.5 

emission scenario. 
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Priority Area: 2.4  
 
Xishuangbanna Tropical Rainforest 
!

  
 

 

 

 

 

Table 2.4.1:  Characteristics of the bioclimatic zones found within the priority area 

including areal extent, mean annual temperature, mean annual precipitation, mean 

potential evapotranspiration (PET), and aridity-wetness index (higher values are 

interpreted as wetter conditions). 
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Figure 2.4.1: Spatial distribution of mean annual temperature showing current 
conditions (averaged from 1960-200) based on downscaled weather station data, 
and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.   
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Figure 2.4.2: Spatial distribution of annual precipitation showing current conditions 
(averaged from 1960-200) based on downscaled weather station data, and projected 
for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.   
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Figure 2.4.3: Spatial distribution of potential evapotranspiration (PET) showing 
current conditions (averaged from 1960-200) based on downscaled weather station 
data, and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 
8.5.   
!
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Figure 2.4.4: Spatial distribution of the aridity-wetness index showing current 
conditions (averaged from 1960-200) based on downscaled weather station data, 
and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.  
(Higher values indicate wetter conditions). 
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Figure 2.4.5:  Distribution of bioclimatic zones within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  

 

  

 

 

Table 2.4.2: Projected change in areal extent and mean elevation of bioclimatic 

zones and their upward shift by 2050 under the RCP 8.5 emission scenario.!
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Figure 2.4.6:  Distribution of bioclimatic strata within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  

 

 
 

Table 2.4.3: Projected change in areal extent and mean elevation of bioclimatic 

strata and their upward shift by 2050 under the RCP 8.5 emission scenario. 
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Figure 2.4.7:  Distribution of Protected Area within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  

 
 

 
 
Table 2.4.4: Projected change in areal extent and mean elevation of bioclimatic 
strata within Protected Area, and their upward shift by 2050 under the RCP 8.5 
emission scenario. 
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Priority Area: 2.5  
 

Honghe Moist Rainforest Zone  
!
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Table 2.5.1:  Characteristics of the bioclimatic zones found within the priority area 

including areal extent, mean annual temperature, mean annual precipitation, mean 

potential evapotranspiration (PET), and aridity-wetness index (higher values are 

interpreted as wetter conditions). 
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Figure 2.5.1: Spatial distribution of mean annual temperature showing current 
conditions (averaged from 1960-200) based on downscaled weather station data, 
and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.   
!
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Figure 2.5.2: Spatial distribution of annual precipitation showing current conditions 
(averaged from 1960-200) based on downscaled weather station data, and projected 
for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.   
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Figure 2.5.3: Spatial distribution of potential evapotranspiration (PET) showing 
current conditions (averaged from 1960-200) based on downscaled weather station 
data, and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 
8.5.   
!
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Figure 2.5.4: Spatial distribution of the aridity-wetness index showing current 
conditions (averaged from 1960-200) based on downscaled weather station data, 
and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.  
(Higher values indicate wetter conditions). 
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Figure 2.5.5:  Distribution of bioclimatic zones within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  

 

 

 

 

Table 2.5.2: Projected change in areal extent and mean elevation of bioclimatic 
zones and their upward shift by 2050 under the RCP 8.5 emission scenario. 
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Figure 2.5.6:  Distribution of bioclimatic strata within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  

 

 

Table 2.5.3: Projected change in areal extent and mean elevation of bioclimatic 

strata and their upward shift by 2050 under the RCP 8.5 emission scenario.!
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Figure 2.5.7:  Distribution of Protected Area within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  
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Table 2.5.4: Projected change in areal extent and mean elevation of bioclimatic 

strata within Protected Area, and their upward shift by 2050 under the RCP 8.5 

emission scenario.!
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Priority Area: 3  
 
Southeast Yunnan Karst Monsoon Broadleaf Evergreen Forest 
!
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Table 3.1:  Characteristics of the bioclimatic zones found within the priority area 

including areal extent, mean annual temperature, mean annual precipitation, mean 

potential evapotranspiration (PET), and aridity-wetness index (higher values are 

interpreted as wetter conditions). 
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Figure 3.1: Spatial distribution of mean annual temperature showing current 
conditions (averaged from 1960-200) based on downscaled weather station data, 
and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.   
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Figure 3.2: Spatial distribution of annual precipitation showing current conditions 
(averaged from 1960-200) based on downscaled weather station data, and projected 
for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.   
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Figure 3.3: Spatial distribution of potential evapotranspiration (PET) showing current 
conditions (averaged from 1960-200) based on downscaled weather station data, 
and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.   
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Figure 3.4: Spatial distribution of the aridity-wetness index showing current 
conditions (averaged from 1960-200) based on downscaled weather station data, 
and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.  
(Higher values indicate wetter conditions). 
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Figure 3.5:  Distribution of bioclimatic zones within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  

 

 

 

 

Table 3.2: Projected change in areal extent and mean elevation of bioclimatic zones 

and their upward shift by 2050 under the RCP 8.5 emission scenario.!
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Figure 3.6:  Distribution of bioclimatic strata within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  

 

 

Table 3.3: Projected change in areal extent and mean elevation of bioclimatic strata 

and their upward shift by 2050 under the RCP 8.5 emission scenario.!
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Figure 3.7:  Distribution of Protected Area within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  
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Table 3.4: Projected change in areal extent and mean elevation of bioclimatic strata 
within Protected Area, and their upward shift by 2050 under the RCP 8.5 emission 
scenario. 
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Priority Area: 4.1   
 
Wumeng Mountain Humid Evergreen Forest 
!
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Table 4.1.1:  Characteristics of the bioclimatic zones found within the priority area 

including areal extent, mean annual temperature, mean annual precipitation, mean 

potential evapotranspiration (PET), and aridity-wetness index (higher values are 

interpreted as wetter conditions). 
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Figure 4.1.1: Spatial distribution of mean annual temperature showing current 
conditions (averaged from 1960-200) based on downscaled weather station data, 
and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.   
!
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Figure 4.1.2: Spatial distribution of annual precipitation showing current conditions 
(averaged from 1960-200) based on downscaled weather station data, and projected 
for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.   
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Figure 4.1.4.1: Spatial distribution of potential evapotranspiration (PET) showing 
current conditions (averaged from 1960-200) based on downscaled weather station 
data, and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 
8.5.   
!
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Figure 4.1.4: Spatial distribution of the aridity-wetness index showing current 
conditions (averaged from 1960-200) based on downscaled weather station data, 
and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.  
(Higher values indicate wetter conditions). 
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Figure 4.1.5:  Distribution of bioclimatic zones within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  

 

 

 

 

Table 4.1.2: Projected change in areal extent and mean elevation of bioclimatic 

zones and their upward shift by 2050 under the RCP 8.5 emission scenario.!
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Figure 4.1.6:  Distribution of bioclimatic strata within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  

 

 

Table 4.1.3: Projected change in areal extent and mean elevation of bioclimatic 

strata and their upward shift by 2050 under the RCP 8.5 emission scenario.!
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Figure 4.1.7:  Distribution of Protected Area within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  
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Table 4.1.4: Projected change in areal extent and mean elevation of bioclimatic 
strata within Protected Area, and their upward shift by 2050 under the RCP 8.5 
emission scenario. 
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Priority Area: 4.2  
 
Jinsha River Dry-Hot Valleys 
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Table 4.2.1:  Characteristics of the bioclimatic zones found within the priority area 

including areal extent, mean annual temperature, mean annual precipitation, mean 

potential evapotranspiration (PET), and aridity-wetness index (higher values are 

interpreted as wetter conditions). 
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Figure 4.2.1: Spatial distribution of mean annual temperature showing current 
conditions (averaged from 1960-200) based on downscaled weather station data, 
and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.   
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Figure 4.2.2: Spatial distribution of annual precipitation showing current conditions 
(averaged from 1960-200) based on downscaled weather station data, and projected 
for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.   
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Figure 4.2.3: Spatial distribution of potential evapotranspiration (PET) showing 
current conditions (averaged from 1960-200) based on downscaled weather station 
data, and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 
8.5.   
!
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Figure 4.2.4: Spatial distribution of the aridity-wetness index showing current 
conditions (averaged from 1960-200) based on downscaled weather station data, 
and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.  
(Higher values indicate wetter conditions). 
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Figure 4.2.5:  Distribution of bioclimatic zones within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  

 

 
 

 

Table 4.2.2: Projected change in areal extent and mean elevation of bioclimatic 

zones and their upward shift by 2050 under the RCP 8.5 emission scenario.!
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Figure 4.2.6:  Distribution of bioclimatic strata within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  

 

 

Table 4.2.3: Projected change in areal extent and mean elevation of bioclimatic 

strata and their upward shift by 2050 under the RCP 8.5 emission scenario.!
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Figure 4.2.7:  Distribution of Protected Area within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  
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Table 4.2.4: Projected change in areal extent and mean elevation of bioclimatic 
strata within Protected Area, and their upward shift by 2050 under the RCP 8.5 
emission scenario. 
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Priority Area: 5.1  
 
Lancang Middle Mountain Evergreen Broadleaf 
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Table 5.1.1:  Characteristics of the bioclimatic zones found within the priority area 

including areal extent, mean annual temperature, mean annual precipitation, mean 

potential evapotranspiration (PET), and aridity-wetness index (higher values are 

interpreted as wetter conditions). 
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Figure 5.1.1: Spatial distribution of mean annual temperature showing current 
conditions (averaged from 1960-200) based on downscaled weather station data, 
and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.   
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Figure 5.1.2: Spatial distribution of annual precipitation showing current conditions 
(averaged from 1960-200) based on downscaled weather station data, and projected 
for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.   
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Figure 5.1.3: Spatial distribution of potential evapotranspiration (PET) showing 
current conditions (averaged from 1960-200) based on downscaled weather station 
data, and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 
8.5.   
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Figure 5.1.4: Spatial distribution of the aridity-wetness index showing current 
conditions (averaged from 1960-200) based on downscaled weather station data, 
and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.  
(Higher values indicate wetter conditions). 
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Figure 5.1.5:  Distribution of bioclimatic zones within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  

 

 

 

Table 5.1.2: Projected change in areal extent and mean elevation of bioclimatic 

zones and their upward shift by 2050 under the RCP 8.5 emission scenario.!
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Figure 5.1.6:  Distribution of bioclimatic strata within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  

 

 

Table 5.1.3: Projected change in areal extent and mean elevation of bioclimatic 

strata and their upward shift by 2050 under the RCP 8.5 emission scenario.!
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Figure 5.1.7:  Distribution of Protected Area within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  
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Table 5.1.4: Projected change in areal extent and mean elevation of bioclimatic 
strata within Protected Area, and their upward shift by 2050 under the RCP 8.5 
emission scenario. 
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Priority Area: 5.2  
 
Wuliang Mountain Humid Evergreen Broadleaf Forest 
!

!
  
 

 

 

 

Table 5.2.1:  Characteristics of the bioclimatic zones found within the priority area 

including areal extent, mean annual temperature, mean annual precipitation, mean 

potential evapotranspiration (PET), and aridity-wetness index (higher values are 

interpreted as wetter conditions). 
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Figure 5.2.1: Spatial distribution of mean annual temperature showing current 
conditions (averaged from 1960-200) based on downscaled weather station data, 
and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.   
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Figure 5.2.2: Spatial distribution of annual precipitation showing current conditions 
(averaged from 1960-200) based on downscaled weather station data, and projected 
for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.   
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Figure 5.2.3: Spatial distribution of potential evapotranspiration (PET) showing 
current conditions (averaged from 1960-200) based on downscaled weather station 
data, and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 
8.5.   
!
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Figure 5.2.4: Spatial distribution of the aridity-wetness index showing current 
conditions (averaged from 1960-200) based on downscaled weather station data, 
and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.  
(Higher values indicate wetter conditions). 
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Figure 5.2.5:  Distribution of bioclimatic zones within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  

 

 

 

 

Table 5.2.2: Projected change in areal extent and mean elevation of bioclimatic 

zones and their upward shift by 2050 under the RCP 8.5 emission scenario. 
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Figure 5.2.6:  Distribution of bioclimatic strata within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  

 

 

Table 5.2.3: Projected change in areal extent and mean elevation of bioclimatic 

strata and their upward shift by 2050 under the RCP 8.5 emission scenario. 
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Figure 5.2.7:  Distribution of Protected Area within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  
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Table 5.2.4: Projected change in areal extent and mean elevation of bioclimatic 
strata within Protected Area, and their upward shift by 2050 under the RCP 8.5 
emission scenario. 
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Priority Area: 5.3  
 
Ailao Mountain Humid Evergreen Broadleaf Forest 
!

!
!

 

 

 

 

Table 5.3.1:  Characteristics of the bioclimatic zones found within the priority area 

including areal extent, mean annual temperature, mean annual precipitation, mean 

potential evapotranspiration (PET), and aridity-wetness index (higher values are 

interpreted as wetter conditions). 
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Figure 5.3.1: Spatial distribution of mean annual temperature showing current 
conditions (averaged from 1960-200) based on downscaled weather station data, 
and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.   
!
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Figure 5.3.2: Spatial distribution of annual precipitation showing current conditions 
(averaged from 1960-200) based on downscaled weather station data, and projected 
for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.   
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Figure 5.3.3: Spatial distribution of potential evapotranspiration (PET) showing 
current conditions (averaged from 1960-200) based on downscaled weather station 
data, and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 
8.5.   
!
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Figure 5.3.4: Spatial distribution of the aridity-wetness index showing current 
conditions (averaged from 1960-200) based on downscaled weather station data, 
and projected for the year 2050 under emission scenarios RCP 4.5 and RCP 8.5.  
(Higher values indicate wetter conditions). 
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Figure 5.3.5:  Distribution of bioclimatic zones within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  

 

 

 

Table 5.3.2: Projected change in areal extent and mean elevation of bioclimatic 

zones and their upward shift by 2050 under the RCP 8.5 emission scenario.!
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Figure 5.3.6:  Distribution of bioclimatic strata within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  

 

 

Table 5.3.3: Projected change in areal extent and mean elevation of bioclimatic 

strata and their upward shift by 2050 under the RCP 8.5 emission scenario.!
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Figure 5.3.7:  Distribution of Protected Area within the Priority Area, under current 

conditions (as averaged from 1960-2000), and as projected for the year 2050 under 

emission scenarios RCP 4.5 and  RCP 8.5.  
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Table 5.3.4: Projected change in areal extent and mean elevation of bioclimatic 
strata within Protected Area, and their upward shift by 2050 under the RCP 8.5 
emission scenario. 
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Appendix 2:  CIMP 5 - Earth System Models 
 
Table 2.1:  CIMP 5 - Earth System Models (CIMP5-ESM) used in the spatial analysis 
of projected climate change for the year 2050. CIMP5-ESM were downscaled to 1 
km resolution using the delta method with the WorldClim dataset used as a baseline 
(Hijmans et al, 2008). 
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Appendix 3:  Summary Statistics for Yunnan Province:  
 
Change in Area and Mean Elevation of Bioclimatic  Zones and Strata as 
projected for the year 2050, when compared with current conditions.!
 
Table 3.1: Changes in the areal extent of bioclimatic zones in Yunnan Province 
under current conditions (averaged from 1960-200) based on downscaled weather 
station data, and projected for the year 2050 under all RCPs. 
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Table 3.2: Changes in the mean elevation of bioclimatic zones in Yunnan Province 
under current conditions (averaged from 1960-200) based on downscaled weather 
station data, and projected for the year 2050 under all RCPs. 
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Table 3.3: Areal extent of bioclimatic strata in Yunnan Province under current 
conditions (averaged from 1960-200) based on downscaled weather station data, 
and projected for the year 2050 under all RCPs. 
!

!

!
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Table 3.4: Change in areal extent of bioclimatic strata in Yunnan Province under 
current conditions (averaged from 1960-200) based on downscaled weather station 
data, compared with projected distribution for the year 2050 under all RCPs. 
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Table 3.5: Mean elevation of bioclimatic strata in Yunnan Province under current 
conditions (averaged from 1960-200) based on downscaled weather station data, 
and their upward shift in mean elevation as projected for the year 2050 under all 
RCPs, and as an average of all the RCPs. 
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