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Executive Summary

Overview

This report presents the results of a quantitative geospatial analysis of projected
climate change in Yunnan Province, People’s Republic of China (PRC) and its
potential impacts on terrestrial ecosystems, biodiversity, and conservation efforts.
This study is part of the ABD Technical Assistance Project “Biodiversity Strategy and
Action Plan For Yunnan Province, the PRC (TA46089)".

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 stratification, and it's reconstruction
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.

Summary of Results

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.



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:

Major Findings:

Yunnan:

e 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.

e 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.

e 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.

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.

BSAP Priority Areas:

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.



e 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%.

Protected Area Network:

e There are reported to that by the end of 2012, there were 159 nature reserves
with a total area of 28,300 km?in Yunnan Province, of which just over 23, 000
km? 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).

e The single largest bioclimatic zone comprising this Protected Area is the Warm
Temperate and Mesic, followed by the Hot and Mesic.

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

e 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.

e 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.

o 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).

o 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.



Recommended Climate Change Response Strategies for Biodiversity Conservation:

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:

e Land And Water Protection And Management;
¢ Direct Species Management;

¢ Monitoring And Planning;

e 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

Design New Natural Areas and Restoration Sites to Maximize Resilience
Protect Movement Corridors, Stepping Stones, and Refugia

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 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 (Lépez-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 km?, 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 21 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
Project “Biodiversity Strategy and Action Plan For Yunnan Province, the PRC
(TA46089)". The results given here in a working 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 RCP’s),
and sometimes for brevity of comparison only RCP 8.5, in keeping with common
practice in the literature. All statistics are for all RCP’s are given in the summary
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 ARS “Summary for Policy
Makers”,(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 RCP’s represent the range of
approved IPCC AR5 C0? emission scenarios, with RCP 2.6 representing aggressive
mitigation, and RCP 8.5 following a trajectory of “business as usual” (Figure 1). We
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).
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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 (Al). The aridity index
(Al) is an integrative measure applicable to assess the moisture (precipitation)
available for plant growth, i.e., after evapotranspiration. The higher the value of Al,
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 Al 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 Al 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: lllustration of the analysis used in determining the year of climate
departure (Source: Mora et al., 2013, with permission Nature Publishing Group).
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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 stratification of the world’s land
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:

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

e WorldClim v. 1.4: Global high-resolution climate surfaces in 1950-2000 (Hijmans
et al., 2005)

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

o CGIAR-CSI Global Aridity and PET database (Zomer et al., 2008)

14



¢ 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:

®  Theanpp >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);

o Aridity Index (Al), 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);

o 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);

e 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). CIMPS model results were
downscaled using the Delta method (Ramirez-Villegas and Jarvis, 2010) to 30 arc
sec resolution (equivalent to ~1 km? 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).

Year of Climate Departure - RCP 4.5 Year of Climate Departure - RCP 8.5

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 2064 2048 2081 9.3 Xizang 2041 2035 2046 2.4
Taiwan 2065 2064 2065 0.6 Yunnan 2041 2034 2050 4.7
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 33
Ningxia 2069 2065 2071 2.2 Shannxi 2043 2038 2046 1.8
Guangdong 2069 2061 2076 34 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 35 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

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

Year of Climate Departure - Yunnan Province - Prefectures Ranked by Earliest Year

Prefecture RCP 4.5 Prefecture RCP 8.5
Mean | Std Mean | Std
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
Yunnan - All 2064 8.39 Yunnan - All 2041 4.27

(Data source: Mora et al. 2103)
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Figure 5: Observed weather station data (averaged for all of Yunnan), from 1961 to
2012. (Source: China National Climate Center, used with permission).
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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).

Yunnan - All
RCP Mean Annual Temperature Annual Precipitation Aridity Index
Mean | Min | Max | Std [ Mean| Min | Max | Std |Mean| Min | Max | std
(C°) (mm)
Year:

1960 - 2000 154 -7.8 25.1 4.2] 1138 543 2239 249 093 041 203 0.18

Year: 2050
RCP_26 17.0 -5.8  26.7 4.1] 1152 580 2305 262] 0.89 0.39 1.92 0.18
RCP_45 17.5 -5.3 27.2 4.1] 1162 583 2325 258| 0.89 04 1.89 0.18
RCP_60 17.0 -5.8 26.8 4.1] 1134 564 2296 256] 0.89 0.39 1.87 0.18
RCP_85 17.9 -4.8 276 4.1] 1162 584 2330 267] 0.88 0.39 1.87 0.18

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.
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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.
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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.
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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:

Environmental Stratification of Yunnan Province

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? 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 (Al) 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 (Al).
Higher Al values reflect wetter and better plant growth conditions.

Yunnan Province

Bioclimatic Zone Zone Area Mean Elev | Mean Temp | Mean Precip| Mean Al
(km?) (m asl) (deg C) (mm)

Extremely cold and mesic F 5864 4242 1.5 743 1.03
Cold and mesic G 18161 3516 6.1 871 0.99
Cool temperate and xeric H 848 3144 8.5 681 0.67
Cool temperate and moist J 20102 2836 9.9 1027 1.01
Warm temperate and mesic K 175516 2005 14.5 1132 0.96
Warm temperate and xeric L 30968 1807 16.7 959 0.74
Hot and mesic N 113416 1321 19.0 1262 0.91
Extremely hot and mesic M 17552 815 22.0 1332 0.87
Extremely hot and moist R 1299 620 23.9 980 0.61

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. Al indicates moisture and plant growth
conditions are generally conducive for vegetation growth (e.g., Al > .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 (Al >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. Al
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 (Al).

Yunnan Province

Bioclimatic Zone Strata Area Mean Elev | Mean Temp | Mean Precip| Mean Al
(km?) (m asl) (deg C) (mm)
Extremely cold and mesic
F8 624 4760 -1.5 718 1.16
F13 3797 4265 1.4 706 0.98
F15 1443 3958 3.2 853 1.10
Cold and mesic
G7 983 3917 3.4 651 0.80
G8 298 3616 4.8 1171 1.46
G11 11013 3608 5.6 802 0.92
G13 5867 3270 7.5 1024 1.12
Cool temperate and xeric
HS 848 3144 8.5 681 0.67
Cool temperate and moist
3 4990 2998 9.0 1092 1.12
Ja 729 2550 11.3 1527 1.48
J5 14383 2794 10.1 980 0.95
Warm temperate and mesic
K1 29360 2352 12.0 1048 0.97
K2 243 2067 13.2 1695 1.68
K5 38418 2146 13.5 997 0.87
K6 1123 1142 14.4 1003 0.95
K7 14635 1991 14.5 1462 1.27
K10 60185 1949 15.2 1028 0.85
K11 758 1438 16.5 1607 1.46
K13 30794 1662 16.5 1415 1.13
Warm temperate and xeric
L3 30968 1807 16.7 959 0.74
Extremely hot and mesic
M1 - - - - -
M2 4429 785 21.4 1504 1.03
M3 2195 1137 21.7 799 0.52
M4 8472 818 22.0 1374 0.88
M6 59 887 23.0 849 0.54
M7 2397 563 23.2 1367 0.89
Hot and mesic
N2 17368 1489 17.4 1131 0.89
N3 25955 1376 18.3 1490 1.09
N4 13138 1590 18.3 922 0.68
N5 17953 1336 19.3 1033 0.75
N8 27034 1110 19.9 1494 1.03
N9 1699 1182 20.1 1197 0.83
N11 10269 1109 20.8 1148 0.77
Extremely hot and moist
R1 1299 620 23.9 980 0.61

24



Projected Climate Change Impacts on Spatial Distribution of Bioclimatic Conditions

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%.

Figure 11: 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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Table 6: Projected change in areal extent and mean elevation of bioclimatic zones and their
upward shift by 2050 for RCP 8.5.

Bioclimatic Zone Zone Area (km?) Area Change | Mean Elevation (m asl) [Upward Shift)
2000 RCP85 (km2) 2000 RCP85 (m)

Extremely cold and mesic F 5864 1392 (4472) 4242 4596 354
Cold and mesic G 18161 10678 (7483) 3516 3909 393
Cool temperate and xeric H 848 3952 3104 3144 3541 397
Cool temperate and moist J 20102 12337 (7765) 2836 3230 394
Warm temperate and mesic K 175516 91083 (84433) 2005 2312 306
Warm temperate and xeric L 30968 26772 (4196) 1807 2092 284
Extremely hot and mesic M 17552 52835 35283 815 1230 414
Hot and mesic N 113416 153809 40393 1321 1689 367
Extremely hot and moist R 1299 30868 29569 620 910 290

Average Upward Shift - All Zones 356

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
averaged for all RCP’s, there is a large expansion in the extent of the Extremely Hot
and Moist zone (from 1299 to 30,868 km?), the Hot and Mesic (from 113,416 to
153,809 km?), and the Extremely Hot and Mesic zone (from 17,552 to 52,835 km?).
There is a drastic a decrease in the Warm Temperate and Mesic zone (from 175,516
km? to 91,083 km?), 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.
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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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Table 7: Projected change in areal extent and mean elevation of bioclimatic strata and their
upward shift by 2050 for RCP 8.5.

Bioclimatic Zone Zone Area (km?) Area Change| Mean Elevation (m asl) Upward Shift)
2000 | RCPS85 (km2) 2000 | RCP85 (m)
Extremely cold and mesic
F8 624 70 (554) 4760 5044 283
F13 3797 579 (3218) 4265 4752 487
F15 1443 743 (700) 3958 4433 475
Cold and mesic
G7 983 1642 659 3917 4318 402
G8 298 66 (232) 3616 3723 107
G11 11013 6201 (4812) 3608 3916 307
G13 5867 2769 (3098) 3270 3654 384
Cool temperate and dry
H5 848 3952 3104 3144 3541 397
Cool temperate and moist
3 4990 2542 (24438) 2998 3317 319
Ja 729 1128 399 2550 3032 482
J5 14383 8667 (5716) 2794 3230 436
Warm temperate and mesic
K1 29360 7979 (21381) 2352 2889 537
K2 243 153 (90) 2067 2605 538
K5 38418 18569 (19849) 2146 2554 407
K6 1123 2021 898 1142 1614 472
K7 14635 6103 (8532) 1991 2445 454
K10 60185 37692 (22493) 1949 2222 273
K11 758 1187 429 1438 1816 378
K13 30794 17379 (13415) 1662 2047 385
Warm temperate and xeric
L3 30968 26772 (4196) 1807 2092 284
Hot and mesic
N2 17368 20663 3295 1489 1881 392
N3 25955 20112 (5843) 1376 1699 323
N4 13138 28636 15498 1590 1922 332
N5 17953 34058 16105 1336 1646 310
N8 27034 21348 (5686) 1110 1453 343
N9 1699 14068 12369 1182 1534 352
N11 10269 14924 4655 1109 1542 432
Extremely hot and mesic
M1 - 117 - - 1432 -
M2 4429 11900 7471 785 1134 349
M3 2195 11749 9554 1137 1451 313
M4 8472 24724 16252 818 1226 408
M6 59 666 607 887 1267 380
M7 2397 3679 1282 563 845 281
Extremely hot and moist
R1 1299 30868 29569 620 910 290
Average Upward Shift i 373
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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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Projections of Climate Change within Priority Areas

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.

Mean Annual Temperature (°C)

RCP45 RCP85
Priority Area 2000 2050] Increase | 2050 |[Increase
1.1 |Northern Gaoligong Mountain Cold-Temperate Coniferous 9.7 11.8 2.1 12.2 2.6
1.2 |Meili and Biluo Snow Mountain Cold-Temperate Coniferous 8.7 10.7 2.1 11.2 2.5
1.3 |Yunling Mountain Warm-Temperate Coniferous 8.3 10.5 2.1 10.9 2.6
1.4 |Shangri-la Mountain Cold-Temperate Coniferous 6.1 8.3 2.2 8.8 2.7
2.1 [Southern Gaoligong Humid Evergreen Broadleaf 13.0 14.9 1.9 15.3 2.3
2.2 |Tongbiguan Tropical Rainforest 18.7 20.7 2.0 21.2 2.4
2.3 |Nanting River Tropical Rainforest 16.2 18.2 2.0 18.6 24
2.4 |XishuangbannaTropical Rainforest 19.4 21.4 2.0 21.8 2.4
2.5 |Honghe Moist Rainforest Zone 18.3 20.3 2.1 20.7 2.5
3.0 |Southeast Yunnan Karst Monsoon Broadleaf Evergreen 17.9 20.0 2.1 20.4 2.5
4.1 |Wumeng Mountain Humid Evergreen Broadleaf 13.6 15.6 2.0 16.0 2.4
4.2 | Jinsha River Dry-Hot Valleys 13.8 15.8 2.0 16.2 2.4
5.1 [ Lancang Middle Mountain Evergreen Broadleaf 13.4 15.3 2.0 15.7 2.4
5.2 | Wuliang Mountain Humid Evergreen Broadleaf 14.8 16.7 2.0 17.1 2.4
5.3 | Ailao Mountain Humid Evergreen Broadleaf 15.2 17.2 2.0 17.6 2.4

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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Table 9: BSAP Priority Areas Ranked by Year of Climate Departure, giving the mean climate
departure year for the priority area, and the standard deviation (Std) (Data source: Mora et

al, 2013).

BSAP Priority Areas - Ranked by Year of Climate Departure

RCP 4.5

Priority Area Climate Departure
Mean Std

1.1 Northern Gaoligong Mountain Cold-Temperate Coniferous 2050 3.4
1.2 Meili and Biluo Snow Mountain Cold-Temperate Coniferous 2050 2.6
2.1 Southern Gaoligong Humid Evergreen Broadleaf 2052 2.6
1.3 Yunling Mountain Warm-Temperate Coniferous 2052 4.2
1.4 Shangri-la Mountain Cold-Temperate Coniferous 2056 3.0
5.1 Lancang Middle Mountain Evergreen Broadleaf 2056 2.7
5.2 Wuliang Mountain Humid Evergreen Broadleaf 2057 3.0
2.3 Nanting River Tropical Rainforest 2061 3.5
2.2 Tongbiguan Tropical Rainforest 2063 33
5.3 Ailao Mountain Humid EvergreenBroadleaf 2064 4.5
4.2 Jinsha River Dry-Hot Valleys 2065 3.4
2.4 XishuangbannaTropical Rainforest 2070 3.4
4.1 Wumeng Mountain Humid Evergreen Broadleaf 2070 3.7
2.5 Honghe Moist Rainforest Zone 2073 2.9
3.0 Southeast Yunnan Karst Monsoon Broadleaf Evergreen 2076 1.3

RCP 8.5

Priority Area Climate Departure
Mean | Std

1.1 Meili and Biluo Snow Mountain Cold-Temperate Coniferous 2035 1.4
1.2 Northern Gaoligong Mountain Cold-Temperate Coniferous 2035 1.7
2.1 Southern Gaoligong Humid Evergreen Broadleaf 2036 14
1.3 Yunling Mountain Warm-Temperate Coniferous 2036 1.9
14 Lancang Middle Mountain Evergreen Broadleaf 2037 1.0
5.1 Wuliang Mountain Humid Evergreen Broadleaf 2038 1.0
5.2 Shangri-la Mountain Cold-Temperate Coniferous 2038 1.1
2.3 Nanting River Tropical Rainforest 2039 1.2
2.2 Tongbiguan Tropical Rainforest 2039 1.2
5.3 Ailao Mountain Humid EvergreenBroadleaf 2040 1.9
4.2 Jinsha River Dry-Hot Valleys 2041 1.7
2.4 Wumeng Mountain Humid Evergreen Broadleaf 2044 2.1
4.1 XishuangbannaTropical Rainforest 2044 2.7
2.5 Honghe Moist Rainforest Zone 2046 2.1
3.0 Southeast Yunnan Karst Monsoon Broadleaf Evergreen 2049 0.8
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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.

Annual Precipitation (mm)

RCP45 RCP85
2000 2050 Change 2050 Change

Priority Area (mm) | (%) mm) | (%)
1.1 |Northern Gaoligong Mountain Cold-Temperate Coniferous 1122 1164 43 3.8 1168 47 4.1
1.2 [Meili and Biluo Snow Mountain Cold-Temperate Coniferous | 1066 1103 37 35 1108 42 39
1.3 [Yunling Mountain Warm-Temperate Coniferous 919 952 33 3.6 953 33 3.6
1.4 |Shangri-la Mountain Cold-Temperate Coniferous 801 831 30 3.7 826 25 3.1
2.1 [Southern Gaoligong Humid Evergreen Broadleaf 1420 1470 50 3.6 1502 82 5.8
2.2 |Tongbiguan Tropical Rainforest 1617 1686 69 42 1731 114 7.0
2.3 |Nanting River Tropical Rainforest 1363 1405 42 3.1 1421 58 43
2.4 [XishuangbannaTropical Rainforest 1537 1576 39 2.5 1579 43 2.8
2.5 [Honghe Moist Rainforest Zone 1463 1473 10 0.7 1476 13 0.9
3.0 [Southeast Yunnan Karst Monsoon Broadleaf Evergreen 1263 1300 36 2.9 1284 20 1.6
4.1 [Wumeng Mountain Humid Evergreen Broadleaf 962 981 19 2.0 967 5 0.5
4.2 | Jinsha River Dry-Hot Valleys 923 932 10 1.0 908 (15) (1.6)
5.1 [ Lancang Middle Mountain Evergreen Broadleaf 1143 1170 27 2.4 1183 40 3.5
5.2 | Wuliang Mountain Humid Evergreen Broadleaf 1085 1105 20 1.9 1113 27 2.5
5.3 | Ailao Mountain Humid Evergreen Broadleaf 1233 1245 12 1.0 1250 17 1.4

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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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.

Annual PET (mm)

RCP45 RCP85
2000 2050 Change 2050 Change
Priority Area (mm) | (mm) [ (mm) | (%) (mm) | (mm) [ (%)
1.1 |Northern Gaoligong Mountain Cold-Temperate Coniferous 987 1054 67 6.8 1069 82 8.4
1.2 |Meili and Biluo Snow Mountain Cold-Temperate Coniferous 956 1023 67 7.0 1038 82 8.6
1.3 |Yunling Mountain Warm-Temperate Coniferous 964 1033 69 7.2 1049 86 8.9
1.4 |Shangri-la Mountain Cold-Temperate Coniferous 915 987 72 7.8 1006 91 9.9
2.1 |Southern Gaoligong Humid Evergreen Broadleaf 1113 1176 63 5.7 1185 72 6.5
2.2 |Tongbiguan Tropical Rainforest 1384 1449 65 4.7 1456 72 52
2.3 [Nanting River Tropical Rainforest 1300 1372 72 5.5 1381 81 6.2
2.4 [XishuangbannaTropical Rainforest 1460 1536 76 5.2 1544 85 5.8
2.5 [Honghe Moist Rainforest Zone 1285 1368 83 6.5 1381 97 7.5
3.0 |Southeast Yunnan Karst Monsoon Broadleaf Evergreen 1228 1309 81 6.6 1328 100 8.1
4.1 |Wumeng Mountain Humid Evergreen Broadleaf 1068 1135 67 6.3 1151 84 7.8
4.2 | Jinsha River Dry-Hot Valleys 1187 1263 77 6.5 1281 95 8.0
5.1 [ Lancang Middle Mountain Evergreen Broadleaf 1154 1224 69 6.0 1234 80 6.9
5.2 | Wuliang Mountain Humid Evergreen Broadleaf 1212 1280 69 5.7 1292 80 6.6
5.3 | Ailao Mountain Humid Evergreen Broadleaf 1227 1299 72 59 1311 84 6.8

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.

Mean Annual Aridity Index (Al)

RCP45 RCP85
2000 2050 Change 2050 Change

Priority Area | (%) | (%)
1.1 [Northern Gaoligong Mountain Cold-Temperate Coniferous 1.13 1.09 (0.03) (2.8) 1.08 (0.04) (3.8)
1.2 |Meili and Biluo Snow Mountain Cold-Temperate Coniferous 1.11 1.07 (0.04) 34 1.06 (0.05) 4.3)
1.3 |Yunling Mountain Warm-Temperate Coniferous 0.95 0.92 (0.03) 3.4) 0.91 (0.05) (4.8)
1.4 |Shangri-la Mountain Cold-Temperate Coniferous 0.89 0.85 (0.04) (4.0) 0.83 (0.06) (6.3)
2.1 |Southern Gaoligong Humid Evergreen Broadleaf 1.28 1.25 (0.03) (2.0) 1.27 (0.01) (0.6)
2.2 |Tongbiguan Tropical Rainforest 1.17 1.17 (0.00) (0.4) 1.20 0.02 1.8
2.3 [Nanting River Tropical Rainforest 1.06 1.03 (0.03) 24 1.04 (0.02) (1.8)
2.4 [XishuangbannaTropical Rainforest 1.06 1.03 (0.03) (2.6) 1.03 (0.03) (2.8)
2.5 [Honghe Moist Rainforest Zone 1.15 1.09 (0.06) (5.3) 1.08 (0.07) (6.1)
3.0 |Southeast Yunnan Karst Monsoon Broadleaf Evergreen 1.03 1.00 (0.03) 34 0.97 (0.06) (5.8)
4.1 |Wumeng Mountain Humid Evergreen Broadleaf 0.91 0.87 (0.04) (4.0) 0.85 (0.06) (6.8)
4.2 | Jinsha River Dry-Hot Valleys 0.83 0.78 (0.05) (5.5) 0.75 (0.08) 9.2)
5.1 | Lancang Middle Mountain Evergreen Broadleaf 1.00 0.96 (0.03) 3.4) 0.97 (0.03) 3.1
5.2 | Wuliang Mountain Humid Evergreen Broadleaf 0.91 0.87 (0.03) (3.6) 0.87 (0.03) (3.8)
5.3 | Ailao Mountain Humid Evergreen Broadleaf 1.01 0.96 (0.05) (4.6) 0.96 (0.05) (5.0)
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Projected Climate Change Impacts on Bioclimatic Zones within Priority Areas

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.

Bioclimatic Zone Zone Area (km?) Area Change Mean Elevation (m asl) | Upward Shift
2000] Rcpss| (km?) | % 2000| RCP85 (m)
Priority Area: All
Extremely cold and mesic F 5187 1267 (3,920) (76) 4314 4658 344
Cold and mesic G 13695 8911 (4,784) (35) 3574 3977 403
Cool temperate and xeric H 650 3571 2,921 449 3148 3558 409
Cool temperate and moist J 8477 7671 (806) (10) 2932 3281 350
Warm temperate and mesic K 35140 26513 (8,627) (25) 1961 2388 427
Warm temperate and xeric L 799 1611 812 102 1509 1704 195
Extremely hot and mesic M 5280 12222 6,942 131 728 1089 361
Hot and mesic N 22743 22441 (302) (1) 1181 1519 339
Extremely hot and moist R 90 7854 7,764 8,627 461 816 355
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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.

Summary of Priority Area Change in Spatial Distribution of Bioclimatic Zones under RCP 8.5

Priority Area | Bioclimatic Zone Zone Area (km?) Area Change | Mean Elevation (m asl) | Upward Shift
2000] Repss| (km?) | % 2000]  Rcpss (m)
Northern Gaoligong Mountain Temperate Coniferous Forest
1.1  [Extremely cold and mesic F 289 31| (258) (89) 4073 4439 365
1.1 |Cold and mesic G 1669 980 (689) (41) 3518 3789 271
1.1 |Cool temperate and moist J 843 1102 259 31 2978 3346 367
1.1 [warm temperate and mesic K 1746 2039 293 17 2270 2582 312
1.1 |Extremely hot and mesic M 56 56 1424
1.1 [Hot and mesic N 65 404 339 522 1419 1814 395
Meili and Biluo Snow Mountain Cold-Temperate Coniferous Forest
1.2 |Extremely cold and mesic F 491 151 (340) (69) 4281 4778 497
1.2 |Cold and mesic G 1281 919 (362) (28) 3549 3848 300
1.2 | Cool temperate and xeric H 15 15 3603
1.2 |Cool temperate and moist J 722 854 132 18 3011 3350 339
1.2 |Warm temperate and mesic K 1419 1662 243 17 2317 2629 313
1.2 |Extremely hot and mesic M 9 1411
1.2 Hot and mesic N 28 331 303 1,082 1493 1799 305
Yunling Mountain Warm Temperate Coniferous Forest
1.3 |Extremely cold and mesic F 2388 668| (1,720) (72) 4352 4700 348
1.3 [Cold and mesic G 4846 3351 (1,495) (31) 3536 3999 463
1.3 [Cool temperate and xeric H 205 999 794 387 3120 3527 406
1.3 |Cool temperate and moist J 4045 30211 (1,024) (25) 3004 3317 313
1.3 |Warm temperate and mesic K 5151 7705| 2,554 50 2501 2749 248
1.3 [warm temperate and xeric L 15 285 270 1,800 1909 2323 414
13 Hot and mesic N 16 637 621 3,881 1528 2077 549
Shangri-la Mountain Cold-Temperate Coniferous Forest
1.4 |Extremely cold and mesic F 2012 417] (1,595) (79) 4313 4564 250
1.4 |Cold and mesic G 5115  3466| (1,649)  (32) 3686 4061 375
1.4 |Cool temperate and xeric H 445 2557 2,112 475 3161 3569 408
1.4 |Cool temperate and moist J 1043 1296 253 24 3050 3375 326
1.4 | Warm temperate and mesic K 1112 1521 409 37 2518 2862 344
1.4 |Warm temperate and xeric L 174 375 201 116 1900 2348 448
1.4 |Hot and mesic N 6 275 269 4,483 1835 1989 154
Southern Gaoligong Mountain Humid Evergreen Broadleaf Forest
2.1 [Cold and mesic G 284 73| (211) (74) 3504 3738 235
2.1 [Cool temperate and moist J 772 777 5 1 2926 3135 209
2.1 |Warm temperate and mesic K 3819 3417 (402) (11) 2193 2298 105
2.1  |Extremely hot and mesic M 22 22 1232
2.1 Hot and mesic N 30 616 586 1,953 1315 1755 440
Tongbiguan Tropical Rainforest
2.2 |Warm temperate and mesic K 377 41| (336) (89) 1623 1947 324
2.2 |Extremely hot and mesic M 96 791| 695 724 657 1056 400
2.2 |Hot and mesic N 1041 526 (515) (49) 1100 1495 394
2.2 |Extremely hot and moist R 156 156 762
Nanting River Tropical Rainforest
2.3 [Cold and mesic G 1 (1)  (100) 3289
2.3 [Cool temperate and moist J 60 54 (6) (10) 2908 2957 50
2.3 |Warm temperate and mesic K 2566 1576 (990) (39) 2082 2301 218
2.3 |Extremely hot and mesic M 190 568 378 199 758 1160 402
2.3 |Hot and mesic N 1216 1505| 289 24 1242 1634 392
2.3 |Extremely hot and moist R 330 330 821
XishuangbannaTropical Rain Forest
2.4 |warm temperate and mesic K 1320 112] (1,208) (92) 1792 2159 367
2.4 |Extremely hot and mesic M 2561 4551| 1,990 78 839 1219 380
24 Hot and mesic N 8352 3325( (5,027) (60) 1242 1578 336
2.4 |Extremely hot and moist R 6 4251| 4,245 70,750 581 907 326
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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.

Summary of Priority Area Change in Spatial Distribution of Bioclimatic Zones under RCP 8.5 (Cont.)

Priority Area | Bioclimatic Zone Zone Area (km?) Area Change | Mean Elevation (m asl) | Upward Shift
2000] Repss| (km?) | % 2000]  Rcpss (m)
Honghe Moist Rainforest Zone
2.5 |Cool temperate and moist J 155 9| (146) (94) 2512 2693 182
2.5 [warm temperate and mesic K 4509 1946 (2,563) (57) 1772 2026 254
2.5 [Extremely hot and mesic M 1821 3001 1,180 65 654 1085 431
2.5  |Hot and mesic N 5168  4478| (690)  (13) 1226 1564 337
2.5 |Extremely hot and moist R 84 2303 2,219 2,642 452 747 295
Southeast Karst Monsoon Broadleaf Evergreen Forest
3.0 |warm temperate and mesic K 4149 428] (3,721) (90) 1495 1745 250
3.0 |Warm temperate and xeric L 129 (129)  (100) 1540
3.0 |Extremely hot and mesic M 585 2729( 2,144 366 467 862 395
3.0 |Hot and mesic N 5539 6502 963 17 1039 1379 339
Extremely hot and moist R 743 743 #DIV/0! 494 494
Wumeng Mountain Humid Evergreen Forest
4.1 |Cold and mesic G 138 6| (132) (96) 2627 2929 302
4.1 |Cool temperate and moist J 519 204| (315) (61) 2168 2559 392
4.1 |Warm temperate and mesic K 5372 3730( (1,642) (31) 1312 1582 270
4.1 |Warm temperate and xeric L 135 724 589 436 727 1075 349
4.1 |Extremely hot and mesic M 9 9 699
4.1 |Hot and mesic N 247 1738| 1,491 604 553 889 336
Jinsha River Dry-Hot Valleys
4.2 |Extremely cold and mesic F 7 (7)  (100) 3973
4.2 |Cold and mesic G 361 116( (245) (68) 3273 3666 393
4.2 |Cool temperate and moist J 271 335 64 24 2758 3065 307
4.2 |Warm temperate and mesic K 591 400| (191) (32) 1953 2470 517
4.2 |Warm temperate and xeric L 211 223 12 6 1417 1857 440
4.2 |Extremely hot and mesic M 24 413 389 1,621 863 1031 169
4.2 |Hot and mesic N 459 423 (36) (8) 1051 1469 418
4.2 |Extremely hot and moist R 14 14 842
Lancang Middle Mountain Evergreen Broadleaf
5.1 [Cool temperate and moist J 20 17 (3) (15) 3000 3024 25
5.1 [wWarm temperate and mesic K 723 570 (153) (21) 2403 2483 80
5.1 [warm temperate and xeric L 34 (34) (100) 1751
5.1 [Extremely hot and mesic M 2 2 1139
5.1 [Hotand mesic N 32 218 186 581 1429 1979 550
5.1 |[Extremely hot and moist R 2 2 1215
Wauliang Mountain Humid Evergreen Broadleaf Forest
5.2 |[Cool temperate and moist J 24 2 (22) (92) 2951 3017 66
5.2 [Warm temperate and mesic K 471 303| (168) (36) 2359 2542 183
5.2 [Warm temperate and xeric L 64 (64)  (100) 1873
5.2 |Extremely hot and mesic M 3 3 1337
5.2 [Hot and mesic N 132 380 248 188 1603 1919 316
5.2 [Extremely hot and moist R 3 3 1264
Ailao Mountain Humid Evergreen Broadleaf Forest
5.3 [Cool temperate and moist J 3 (3) (100) 2957
5.3 [Warm temperate and mesic K 1815 1063| (752) (41) 2227 2419 192
5.3 [Warm temperate and xeric L 37 4 (33) (89) 1921 2290 369
5.3 [Extremely hot and mesic M 3 68 65 2,167 1066 1419 353
5.3 [Hot and mesic N 412 1083 671 163 1554 1873 319
5.3 [Extremely hot and moist R 52 52 1168
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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.

Percent Shift - RCP 8.5

Priority Area Zone Strata
1.1 |Northern Gaoligong Mountain Cold-Temperate Coniferous 51 90
1.2 [Meili and Biluo Snow Mountain Cold-Temperate Coniferous 48 89
1.3 |Yunling Mountain Warm-Temperate Coniferous 56 90
1.4 (Shangri-la Mountain Cold-Temperate Coniferous 65 84
2.1 [Southern Gaoligong Humid Evergreen Broadleaf 23 83
2.2 |Tongbiguan Tropical Rainforest 84 99
2.3 |Nanting River Tropical Rainforest 48 95
2.4 |XishuangbannaTropical Rainforest 82 100
2.5 |Honghe Moist Rainforest Zone 67 95
3.0 |Southeast Yunnan Karst Monsoon Broadleaf Evergreen 70 99
4.1 |Wumeng Mountain Humid Evergreen Broadleaf 44 98
4.2 | Jinsha River Dry-Hot Valleys 75 95
5.1 | Lancang Middle Mountain Evergreen Broadleaf 25 98
5.2 | Wuliang Mountain Humid Evergreen Broadleaf 41 96
5.3 | Ailao Mountain Humid Evergreen Broadleaf 40 96

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:
Protected Area Network

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 km?, 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 km? (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, 0 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
RCP 8.5) ranges from 249 m, to over 500 m for the relatively small areas of “Hot and
Mesic” and the expanding “Cool Temperate and Xeric”. The average upward shift for
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.

Bioclimatic Zone Zone Protected Area (km?) Area Change Mean Elevation (m asl) Upward Shift

2000] RCP85 km?] % 2000] RCP85 (m)
Extremely cold and mesic F 1,345 362 (983) (73) 4,248 4,617 368
Cold and mesic G 3,830 2,564 (1,266) (33) 3,526 3,881 354
Cool temperate and xeric H 32 304 272 850 2,985 3,510 525
Cool temperate and moist J 2,590 2,705 115 4 2,937 3,276 339
Warm temperate and mesic K 9,449 8,471 (978) (10) 2,225 2,491 265
Warm temperate and xeric L 403 612 209 52 1,679 2,103 424
Hot and mesic N 4,370 3,452 (918) (21) 1,156 1,694 537
Extremely hot and mesic M 1,592 2,678 1,086 68 777 1,125 348
Extremely hot and moist R 64 2,527 2,463 3,848 606 855 249
Yunnan - All Protected Area 23675 Average Upward Shift 379

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.

Bioclimatic Zone Strata Protected Area (km?) Area Change Mean Elevation (m asl) Upward Shift
2000] RCP85 km?| % 2000] RCP85 (m)
Extremely cold and mesic
F8 166 25 (141) (85) 4,737 4,855 118
F13 825 105 (720) (87) 4,259 4,788 529
F15 354 232 (122) (34) 3,995 4,514 519
Cold and mesic
G7 15 189 174 1,160 3,762 4,353 590
G8 112 46 (66) (59) 3,746 3,862 116
G11 2,448 1,662 (786) (32) 3,621 3,919 298
G13 1,255 667 (588) (47) 3,319 3,653 334
Cool temperate and xeric
H5 32 304 272 850 2,985 3,510 525
Cool temperate and moist
13 1,225 716 (509) (42) 3,069 3,396 327
14 181 523 342 189 2,566 3,072 506
J5 1,184 1,466 282 24 2,857 3,291 433
Warm temperate and mesic
K1 3,297 1,357 (1,940) (59) 2,563 2,972 410
K2 162 59 (103) (64) 2,156 2,460 304
K5 1,743 1,075 (668) (38) 2,263 2,642 380
K7 1,562 1,877 315 20 2,110 2,547 437
K10 1,220 2,349 1,129 93 2,076 2,368 292
K11 86 239 153 178 1,460 1,867 407
K13 1,379 1,515 136 10 1,690 2,171 481
Warm temperate and xeric
L3 403 612 209 52 1,679 2,103 424
Hot and mesic
N2 85 388 303 356 1,376 2,159 783
N3 1,346 1,046 (300) (22) 1,330 1,736 406
N4 32 500 468 1,463 1,552 1,895 343
N5 145 211 66 46 1,169 1,642 473
N8 2,309 1,060 (1,249) (54) 1,078 1,441 362
N9 42 201 159 379 1,165 1,512 347
N11 411 46 (365) (89) 946 1,496 550
Extremely hot and mesic
M1 - 12 - - - 1,461 -
M2 791 1,283 492 62 823 1,168 345
M3 6 23 17 283 872 1,404 532
M4 691 1,071 380 55 763 1,153 391
M6 - 9 - - - 806 -
M7 104 280 176 169 521 791 270
Extremely hot and moist
R1 64 2,527 2,463 3,848 606 855 249
Yunnan - All Protected Area 23675 Average Upward Shift 403
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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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Climate change impacts on the Protected Area Network within BSAP Priority Areas:

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 km?, out of a total of 23,000 km? for all Yunnan (more
than 80%) of all protected area is found in these 16 priority areas. More than 13,000
km? 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.

Protected Area within BSAP Priority Areas - Yunnan

Priority Area |Bioclimatic Zone Zone | Protected Area (km?) | Area Change | Mean Elevation (m asl) Shift
2000 RcP8s|  km?] % 2000]  RCP85 (m)
Northern Gaoligong Mountain Temperate Coniferous Forest
1.1 |Extremely cold and mesic F 285 34 (251) (88) 4069 4406 337
1.1 |Cold and mesic G 1312 861 (451) (34) 3524 3788 264
1.1 |Cool temperate and moist J 492 799 307 62 2979 3343 364
1.1 |Warm temperate and mesic K 526 888 362 69 2471 2707 236
1.1 |Extremely hot and mesic M - 7 - - - 1534
1.1 |Hot and mesic N 26 - - - 1964
Yunling Mountain Warm Temperate Coniferous Forest
1.3 |Extremely cold and mesic F 913 259 (654) (72) 4251 4593 342
1.3 |Cold and mesic G 1587 1363 (224) (14) 3562 3929 367
1.3 |Cool temperate and dry H 32 177 145 453 2913 3437 524
1.3 |Cool temperate and moist J 940 846 (94) (10) 3048 3365 317
1.3 |Warm temperate and mesic K 715 1426 711 99 2591 2869 278
1.3 |Warm temperate and xeric L 2 49 47 2350 1937 2315 378
1.3 |Hotand mesic N - 69 - - - 2096
Shangri-la Mountain Cold-Temperate Coniferous Forest
1.4 |Extremely cold and mesic F 135 66 (69) (51) 4309 4564 255
1.4 |Cold and mesic G 383 189 (194) (51) 3571 3841 270
1.4 |Cool temperate and dry H - 127 - - - 3660
1.4 |Cool temperate and moist J 92 157 65 71 2973 3334
1.4 |Warm temperate and mesic K 117 145 28 24 2459 2753 -
1.4 |Warm temperate and xeric L 17 34 17 100 1813 2271 458
1.4 |Hotanddry N - 26 - - - 1917
Southern Gaoligong Mountain Humid Evergreen Broadleaf Forest
2.1 |[Cold and mesic G 149 25 (124) (83) 3382 3666 284
2.1 |Cool temperate and moist J 324 455 131 40 2977 3069 92
2.1 |Warm temperate and mesic K 1045 994 (51) (5) 2393 2418 25
2.1 [Hot and mesic N 1 45 44 4400 1539 1760 221
Tongbiguan Tropical Rainforest
2.2 |Cool temperate and moist J 2 - - - 2378 -
2.2 |Warm temperate and mesic K 255 35 (220) (86) 1633 2014
2.2 |Extremely hot and mesic M 77 462 385 500 700 1093 393
2.2 [Hot and mesic N 634 355 (279) (44) 1132 1482 350
2.2 |Extremely hot and moist R - 116 - - - 784
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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.

Protected Area within BSAP Priority Areas - Yunnan (cont.)

Priority Area |Bioclimatic Zone Zone | Protected Area (km?) [ Area Change | Mean Elevation (m asl) Shift
2000] RcP85|  km?] % 2000]  RCP8S (m)
Nanting River Tropical Rainforest
2.3 [Cold and mesic G 1 - - - 3301 - -
2.3 |Cool temperate and moist J 57 52 (5) 9) 2865 2910 45
2.3 |Warm temperate and mesic K 981 723 (258) (26) 2222 2396 174
2.3 |Extremely hot and mesic M 53 85 32 60 747 1156 409
2.3 [Hot and mesic N 215 373 158 73 1261 1651 390
2.3 |Extremely hot and moist R - 74 - - - 798 -
XishuangbannaTropical Rain Forest
2.4 |Warm temperate and mesic K 73 - - - 1637 - -
2.4 |Extremely hot and mesic M 962 1315 353 37 864 1173 309
2.4 Hot and mesic N 2217 322 (1895) (85) 1147 1458 311
2.4 |Extremely hot and moist R - 1615 - - - 918 -
Honghe Moist Rainforest Zone
2.5 |Cool temperate and moist J 140 9 (131) (94) 2541 2748 207
2.5 |Warm temperate and mesic K 896 687 (209) (23) 1908 2162 255
2.5 [Hot and mesic N 234 389 155 66 635 1005 369
2.5 |Extremely hot and mesic M 492 443 (49) (10) 1152 1585 433
2.5 |Extremely hot and moist R 4 238 234 5850 486 753 267
Southeast Karst Monsoon Broadleaf Evergreen Forest
3.0 |Warm temperate and mesic K 268 112 (156) (58) 1570 1819 249
3.0 [Extremely hot and mesic M 113 103 (10) 9) 416 828 412
3.0 Hot and mesic N 179 212 33 18 937 1364 427
3.0 |Extremely hot and moist R - 133 - - - 431 -
‘Wumeng Mountain Humid Evergreen Forest
4.1 |Cool temperate and moist J 23 - 2015 -
4.1 |Warm temperate and mesic K 34 57 23 68 1744 1853 109
Jinsha River Dry-Hot Valleys
4.2 | Extremely cold and mesic F 7 - - - 3800 - -
4.2 |cold and mesic G 333 109 (224) (67) 3256 3608 352
4.2 | Cool temperate and moist J 155 2901 136 88 2760 3065 305
4.2 | Warm temperate and mesic K 63 141 78 124 2113 2539 426
4.2 |Warm temperate and xeric L 4 9 5 125 1158 1709 551
4.2 |Extremely hot and mesic M - 1 - - - 1075 -
4.2 |Hot and mesic N 4 15 11 275 923 1358 435
Lancang Middle Mountain Evergreen Broadleaf
5.1 [Cool temperate and moist J 20 17 (3) (15) 2959 2988 29
5.1 [|Warm temperate and mesic K 513 449 (64) (12) 2459 2496 37
5.1 |Warm temperate and xeric L 3 - - - 1893 - -
5.1|Hot and mesic N 1 71 70 7000 1596 2202 606
‘Wauliang Mountain Humid Evergreen Broadleaf Forest
5.2 [Cool temperate and moist J 24 2 (22) (92) 2945 3134 189
5.2 [Warm temperate and mesic K 269 237 (32) (12) 2461 2552 91
5.2 [Warm temperate and xeric L 7 - - - 1943 * -
5.2 |Hot and mesic N 14 74 60 429 1488 2091 603
5.2 [Extremely hot and moist R - 1 - - - 1235 -
Ailao Mountain Humid Evergreen Broadleaf Forest
5.3 [Cool temperate and moist J 3 - - - 2922 - -
5.3 [Warm temperate and mesic K 1015 708 (307) (30) 2373 2499 126
5.3 [Warm temperate and xeric L 24 5 (19) (79) 1919 2241 322
5.3 [Extremely hot and mesic M - 3 - - - 1376 -
5.3 [Hot and mesic N 24 348 324 1350 1580 2053 473
5.3 [Extremely hot and moist R - 2 - - - 1345 -
All Protected Area within all BSAP Priority Areas 18716 Average Upward Shift 304
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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:

Major Findings:

Yunnan:

e 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.

e 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.

e 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.

BSAP Priority Areas:

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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Protected Area Network:

e There are over 28, 000 km? 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 km?) 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).

e The single largest bioclimatic zone comprising this Protected Area is the Warm
Temperate and Mesic, followed by the Hot and Mesic.

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

e 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.

o 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.

e 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).

o 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,
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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.

Recommended Climate Change Response Strategies for Biodiversity Conservation:

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 are developing “adaptation strategies” 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:

e Land And Water Protection And Management;
¢ Direct Species Management;

¢ Monitoring And Planning;

e 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

Design New Natural Areas and Restoration Sites to Maximize Resilience
Protect Movement Corridors, Stepping Stones, and Refugia

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.

Acknowledgements:

The authors would like to gratefully acknowledge the support and expertise provided
by Prof. Xu Jianchu, the Center for Mountain Ecosystems Studies (CMES), and the

Key Laboratory for Plant Diversity and Biogeography of East Asia (KLPB), Kunming

Institute of Botany, Yunnan, PRC.

48



8. References:

Allen, R. G.; Pereira, L. S.; Raes, D.; and Smith, M. 1998. Crop evapotranspiration -
guidelines for computing crop water requirements. FAO Irrigation and Drainage
Paper 56. Rome: FAO (Food and Agriculture Organization of the United Nations).

Baker, B. B., and R. K. Moseley. 2007. Advancing treeline and retreating glaciers:

implications for conservation in Yunnan, P. R. China. Arctic, Antarctic, and Alpine
Research 39:200-209.

Barbour M, Burk J, Pitts W, Gillam F (1987) Terrestrial Plant Ecology, 2nd edn.
Benjamin/Cummunings Publishing, Menlo Park, California

Box E (1981) Macroclimate and plant forms: an introduction to predictive modeling in
phytogeography. Junk, The Hague

Chapman E (1991) The expansion of rubber in southern Yunnan, China. Geographical
Journal: 36-44

Chapman, E., 1991. The expansion of rubber in southern Yunnan, China. Geographical
Journal 36—44.

Cheng J, Xie M (2008) The analysis of regional climate change features over Yunnan in
recent 50 years. Progress in Geography

Cheng, J., Xie, M., 2008. The analysis of regional climate change features over Yunnan in
recent 50 years. Progress in Geography.

Dai L (1998) Crop diversity of Yunnan. In: Guo H, Long C (eds) Yunnan’s Biodiversity.
Yunnan Science and Technology Press, Kunming, p 243-250

Davis C, Heywood V (1995) Centers of plant diversity-A guide and strategy. WWF and IUCN,
Cambridge

Droogers, P.; and Allen, R. G. 2002. Estimating reference evapotranspiration under
inaccurate data conditions. Irrigation and Drainage Systems 16(1): 33-45.

Fox, J., Vogler, J.B., 2005. Land-use and land-cover change in montane mainland southeast
Asia. Environ Manage 36, 394-403.

Garden XTB, Kunming Institute of Botany, 1987. Plant List of Xishuangbanna. Yunnan
Science and Technology Press

GEOBON (2010) Group on Earth Observations (GEOBON): Biodiversity Observation Network.
Group on Earth Observations

Groves, C.R., Game, E.T., Anderson, M.G., Cross, M., Enquist, C., Ferdana, Z., Girvetz, E.,
Gondor, A., Hall, K.R., Higgins, J., Marshall, R., Popper, K., Schill, S., Shafer, S.L.,
2012. Incorporating climate change into systematic conservation planning. Biodivers
Conserv 21, 1651-1671.

Guardiola-Claramonte M, Troch PA, Ziegler AD, et al., 2010. Hydrological effects of the
expansion of rubber (Hevea brasiliensis) in a tropical catchment. Ecohydrology, 3(3):
306-314

Guo, H.J., Long, C.L., 1998. The Biodiversity of Yunnan. Yunnan Science and Technology
Press, Kunming, China.

Hansen, M.; DeFries, R.; Townshend, J. R.; Carroll, M.; Dimiceli, C.; and Sohlberg, R. 2003.
500m MODIS Vegetation Continuous Fields. College Park, Maryland: The Global
Land Cover Facility.

Hargreaves, G. L.; Hargreaves, G. H.; and Riley, J. P. 1985. Irrigation water requirements for
Senegal River Basin. Journal of Irrigation and Drainage Engineering. ASCE. 111(3):
265-275.

He J, LIU B, CHEN Y, XU H, GUO Y, HU X, ZHANG X, LI Y, ZHANG A, CHEN W (2006)
National Assessment Report on Climate Change (lll): Integrated evaluation of
strategies on response to climate change in China [J]. Advances in Climate Change
Research 4

Heller, N.E., Zavaleta, E.S., 2009. Biodiversity management in the face of climate change: A

49



review of 22 years of recommendations. Biological Conservation 142, 14-32.
Hijmans, R.J., Cameron, S.E., Parra, J.L., Jones, P.G., Jarvis, A., 2005. Very high resolution
interpolated climate surfaces for global land areas. Int. J. Climatol. 25, 1965-1978.

Holdridge LR (1947) Determination of World Plant Formations From Simple Climatic Data.
Science 105:367-368

Holdridge LR (1967) Life zone ecology.
Holland, H. D. 1978. The Chemistry of the Atmosphere and Oceans. New York, Wiley.

Hu, H., Liu, W., Cao, M., 2007. Impact of land use and land cover changes on ecosystem
services in Menglun, Xishuangbanna, Southwest China. Environ Monit Assess 146,
147-156.

Huijun G, Padoch C, Coffey K, Aiguo C, Yongneng F (2002) Economic development, land
use and biodiversity change in the tropical mountains of Xishuangbanna, Yunnan,
Southwest China. Environmental Science & Policy 5:471-479

IPCC, 2013: Summary for Policymakers. In: Climate Change 2013: The Physical Science
Basis. Contribution of Working Group | to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change [Stocker, T.F., D. Qin, G.-K. Plattner, M.
Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and P.M. Midgley (eds.)].
Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA.

Jarvis A, Reuter H, Nelson A (2008) Hole-filled SRTM for the globe - Version 4. Available
online from the CGIAR-CSI SRTM 90m website: srtmcsicgiarorg

Jiang A (1988) Climate and natural production of rubber (Hevea brasiliensis) in
Xishuangbanna, southern part of Yunnan province, China. Int J Biometeorol 32:280—
282

Leathwick J, Overton J (2003) An Environmental Domain Classification of New Zealand and
Its Use as a Tool for Biodiversity Management - LEATHWICK - 2003 - Conservation
Biology - Wiley Online Library. Conservation Biology

Leith H (1974) Phenology and Seasonality Modeling. Springer-Verlag, Berlin

Li H, Aide TM, Ma Y, Liu W, Cao M (2006) Demand for rubber is causing the loss of high

Li, H., Aide, T.M., Ma, Y., Liu, W., Cao, M., 2006. Demand for rubber is causing the loss of
high diversity rain forest in SW China. Biodivers Conserv 16, 1731-1745.

Li, H., Ma, Y., Aide, T.M., Liu, W., 2008. Past, present and future land-use in Xishuangbanna,
China and the implications for carbon dynamics. Forest Ecology and Management
255, 16—-24.

Li, Z., Fox, J.M., 2012. Mapping rubber tree growth in mainland Southeast Asia using time-
series MODIS 250 m NDVI and statistical data. Applied Geography 32, 420—432.

Lin E, Xu Y, Jiang J, Li Y, Yang X, Zhang J, LI C, WU S, ZHAO Z, WU J (2006) National
assessment report of climate change (II): Climate change impacts and adaptation.
Advances in Climate Change Research 2:51 - 56

Long C (1993) Study on Plants in Homegarden in Xishuangbanna. Yunnan University Press

Lépez-Pujol J, Zhang FM, Ge S (2006) Plant biodiversity in China: richly varied, endangered,
and in need of conservation. Biodivers Conserv 15:3983-4026

Lépez-Pujol, J., Zhang, F.M., Ge, S., 2006. Plant biodiversity in China: richly varied,
endangered, and in need of conservation. Biodivers Conserv 15, 3983—4026.

Lugo AE, Brown SL, Dodson R, Smith TS, Shugart HH (1999) The Holdridge life zones of the
conterminous United States in relation to ecosystem mapping. Journal of
Biogeography 26:1025-1038

Matthews E (2001) Understanding the FRA 2000. World Resources Institute, Washington, DC

Mawdsley, J.R., O’'Malley, R., Ojima, D.S., 2009. A Review of Climate - Change Adaptation
Strategies for Wildlife Management and Biodiversity Conservation. Conservation
Biology 23, 1080 - 1089.

McMahon G, Gregonis SM, Waltman SW, Omernik JM, Thorson TD, Freeouf JA, Rorick AH,
Keys JE (2001) Developing a spatial framework of common ecological regions for the
conterminous United States. Environ Manage 28:293-316

50



McMullen CP, Jabbour JR, United Nations Environment Programme (2009) Climate change
science compendium 2009. UNEP, Nairobi, Kenya

Meehl, G.A., Bony, S., 2011. Introduction to CMIP5. Clivar Exchanges 16, 2-5.

Metzger M, Bunce R (2005) A climatic stratification of the environment of Europe - Metzger -
2005 - Global Ecology and Biogeography - Wiley Online Library. Global Ecology and

Metzger M, Bunce RGH, al E (2012) A high resolution bioclimate map of the world. Global
Ecology and Biogeography IN PRESS

Metzger MJ, Brus DJ, Carey PD, J G, Honrado JP, Jongman RHG, Trabucco A, Zomer RJ
(2012) Environmental stratifications as the basis for national, European and global
ecological monitoring. Biodiversity Monitoring

Metzger MJ, Schréter D, Leemans R, Cramer W (2008) A spatially explicit and quantitative
vulnerability assessment of ecosystem service change in Europe. Regional
Environmental Change 8:91-107

Mora, C., Frazier, A.G., Longman, R.J., Dacks, R.S., Walton, M.M., Tong, E.J., Sanchez, J.J.,
Kaiser, L.R., Stender, Y.O., Anderson, J.M., Ambrosino, C.M., Fernandez-Silva, I.,
Giuseffi, L.M., Giambelluca, T.W., 2013. The projected timing of climate departure
from recent variability. Nature 502, 183-187.

Myers N, Mittermeier RA, Mittermeier CG, da Fonseca GA, Kent J (2000) Biodiversity
hotspots for conservation priorities. Nature 403:853—858

Naki¢enovi¢ N, Alcamo J, Davis G (2000) IPCC Special Report on Emissions Scenarios
(SRES), Working Group lll, Intergovernmental Panel on Climate Change (IPCC).
Cambridge University Press, Cambridge, UK

Olson DM, Dinerstein E (1998) The Global 200: A Representation Approach to Conserving
the Earth’s Most Biologically Valuable Ecoregions. Conservation Biology 12:502-515

Paruelo J, Lauenroth W, Epstein H (1995) Regional Climatic Similarities in the Temperate
Zones of North and South America. Journal of Biogeography

Peel MC, Finlayson BL, Mcmahon TA (2007) Updated world map of the Képpen-Geiger
climate classification.

Peng S, Huang J, Sheehy JE, Laza RC, Visperas RM, Zhong X, Centeno GS, Khush GS,
Cassman KG (2004) Rice yields decline with higher night temperature from global
warming. Proc Natl Acad Sci USA 101:9971-9975

Pu Y-S, Zhang Z-Y, Pu L-N (2007) Strategic studies on the biodiversity sustainability in
Yunnan Province, Southwest China. For Stud China 9:225-237

Pu Y-S, Zhang Z-Y, Pu L-N, Hui C-M (2007) Biodiversity and its fragility in Yunnan, China. J
of For Res 18:39-47

Pu, Y.-S., Zhang, Z.-Y., Pu, L.-N., 2007. Strategic studies on the biodiversity sustainability in
Yunnan Province, Southwest China. For. Stud. China 9, 225-237.

Qiu, L., 2010. Measuring the meltdown. Nature, Vol. 468, No. 7321, pp. 141-142
Ramirez J, Jarvis A (2010) Downscaling global circulation model outputs:. CIAT, Cali,
Colombia

Ramirez-Villegas, J., Jarvis, A., 2010. Downscaling global circulation model outputs: the delta
method decision and policy analysis. International Center for Tropical Agriculture,
CIAT, Cali, Colombia.

Ramirez, J., Jarvis, A., 2010. Downscaling global circulation model outputs:. CIAT, Cali,
Colombia.

Rozelle S, Huang J, Benziger V (2003) Forest exploitation and protection in reform China:
Assessing the impact of policy, tenure, and economic growth. In: Hyde W, Belcher B,
Xu J (eds) China’s Forests, Global Lessons from Market Reforms. Resources for the
Future, Washington, DC, p 109-134

Running SW, Nemani RR, Heinsch FA, Zhao M, Reeves M, Hashimoto H (2004) A
continuous satellite-derived measure of global terrestrial primary production.
Bioscience 54:547-560

Scholes RJ, Mace GM, Turner W, Geller GN, Jurgens N, Larigauderie A, Muchoney D,

51



Walther BA, Mooney HA (2008) Toward a global biodiversity observing system.
Science 321:1044-1045

Scholes RJ, Walters M, Turak E, Saarenmaa H, Heip CHR, Tuama EO, Faith DP, Mooney
HA, Ferrier S, Jongman RHG (2012) Building a global observing system for
biodiversity. Current Opinion in Environmental Sustainability

Stattersfield A, Crosby M, Long A, Wege D (1998) Endemic bird areas of the world: Priorities
for Biodiversity Conservation. Birdlife International, Cambridge, UK

Thornthwaite C (1948) An approach toward a rational classification of climate. Geographic
Review 38:55-94

Turner DP, Ritts WD, Cohen WB, Gower ST, Zhao M, Running SW, Wofsy SC, Urbanski S,
Dunn AL, Munger J (2003) Scaling gross primary production (GPP) over boreal and
deciduous forest landscapes in support of MODIS GPP product validation. Remote
Sensing of Environment 88:256-270

Vuuren, D.P., Edmonds, J., Kainuma, M., Riahi, K., Thomson, A., Hibbard, K., Hurtt, G.C.,
Kram, T., Krey, V., Lamarque, J.-F., Masui, T., Meinshausen, M., Nakicenovic, N.,
Smith, S.J., Rose, S.K., 2011. The representative concentration pathways: an
overview. Climatic Change 109, 5-31.

Wang X, Bennett J, Hongyun H (2004) China's land use management.

Whittaker R (1970) Communities and ecosystems. Macmillan Co., New York

Willson A (2006) Forest conversion and land use change in rural Northwest Yunnan, China.
Mountain Research and Development 26:227-236

Woodward F (1991) ScienceDirect.com - Environment International - Vegetation and climate.
Environment International

Woodward FI, Williams BG (1987) Climate and plant distribution at global and local scales.
Vegetatio 69:189-197

Wu Z (1989) Strategic Study on Yunnan’s Biological Resource (Z Wu, Ed.). Yunnan Science
and Technology Press

WWF, 1996a. Introduction to China Biodiversity Conservation. China Forestry Publishing
House, Beijing.

WWF, 1996b. Introduction to China Biodversity Conservation. Beijing.

Xu J, Fox J, Vogler JB, Yongshou ZPF, Lixin Y, Jie Q, Leisz S (2005) Land-use and land-
cover change and farmer vulnerability in Xishuangbanna prefecture in southwestern
China. Environ Manage 36:404-413

Xu J, Ribot J (2004) Decentralisation and accountability in forest management: A case from
Yunnan, Southwest China. The European Journal of Development Research 16:153—
173

Xu J, Wilkes A (2004) Biodiversity impact analysis in northwest Yunnan, southwest China.
Biodivers Conserv 13:959-983

Xu J, Yang Y, Fox J (2007) Forest transition, its causes and environmental consequences:
empirical evidence from Yunnan of Southwest China. Tropical Ecology

Yang Y, Tian K, Hao J, Pei S, Yang Y (2004) Biodiversity and biodiversity conservation in
Yunnan, China. Biodivers Conserv 13:813—-826

Yang, Y., Tian, K., Hao, J., Pei, S., Yang, Y., 2004. Biodiversity and biodiversity conservation
in Yunnan, China. Biodivers Conserv 13, 813-826.

YSB (2001) Yunan Statistical Yearbook 2001. China Statistical Press, Beijing

Yu L, Cao M, Li K (2006) Climate-induced changes in the vegetation pattern of China in the
21st century. Ecol Res 21:912-919

Yu P, Xu Z, Huang Y (1985) Traditional cultivated plants in Dai villages in Xishuangbanna.
Acta Bot Yunnan 7:169-186

Zeng Y, Guo H, Yin S, Chen A (2001) Causes and dynamism of agroforestry practices
change in Baka, Xishuangbanna. Acta Bot Yunnan 13 (Suppl):66-77

Zhang J, Cao M (1995) Tropical forest vegetation of Xishuangbanna, SW China and its
secondary changes, with special reference to some problems in local nature
conservation. Biological Conservation 73:229-238

52



Zhao M, Heinsch FA, Nemani RR, Running SW (2005) Improvements of the MODIS

terrestrial gross and net primary production global data set. Remote Sensing of
Environment 95:164-176

Zhao-Lu Wu a H-MLB&L-YLC (2001) Rubber cultivation and sustainable development in

Zomer,

Zomer,

Zomer,

Xishuangbanna, China. Int. J. Sustain. Dev. World Ecol. 8: 337-345.

R.J., Trabucco, A., Metzger, M., Oli, K.P., 2013. Environmental Stratification of
Kailash Sacred Landscape and Projected Climate Change Impacts on Ecosystems
and Productivity: ICIMOD Working Paper 2013/1. International Centre for Integrated
Mountain Development (ICIMOD), Kathmandu, Nepal.

R.J., Trabucco, A., Bossio, D., Verchot, L.V., 2008. Climate change mitigation: A
spatial analysis of global land suitability for clean development mechanism
afforestation and reforestation. Agriculture Ecosystems and Environment 126: 67—-80.
R.J., Trabucco, A., Wang, M., Lang, R., Chen, H., Metzger, M.J., Smajgl, A,
Beckschéfer, P., Xu, J., 2014. Environmental stratification to model climate change
impacts on biodiversity and rubber production in Xishuangbanna, Yunnan, China.
Biological Conservation 170, 264—273.

53



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).

BSAP Priority Areas - Yunnan Province

Northern Gacbgong Mountan Cold-Temperate Conferous
Maik and Bikuo Snow Mourtan Cold-Termperate Contlerous
Yusfing Mountan Warm-Temnperate Condescus

Shangn-ia Mountan Cold-Temperate Conderous
Southem Gacligong Humid Evergeeen Broadieal

2 Tongbtuguan Tropcal Rainforest

Nantng River Tropical Ranforess

XnhusagbannaTropcal Ranforest

Honghe Moist Ranfocest Zone

Southeas! Yurman Karst Monsoon Brosdnal Evargtesn
Wumeng Méurten Humid Evergieen Broadies!

Jnsha Rwer Dry-Hot Valieys

Lancang Middie Mountain Evergreen Broadleaf

Wulang Mountanm Humd Evergreen Ercadical

Adao Mountain Humid Evergreen Broadiead
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Priority Area: 1.1

Northern Gaoligong Mountain Cold-Temperate Coniferous Forest

BSAP Priority Area: 1.1 Nl S
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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).

Bioclimatic Zone Zone| Area Mean Elev | Mean Temp | Annual Precip | Annual PET | Aridity Index
km? m asl °C mm mm

Extremely cold and mesic F 304 4032 3.4 790 766 1.03

Cold and mesic G 1848 3495 6.5 932 870 1.07

Cool temperate and moist J 869 2963 9.5 1084 980 11

Warm temperate and mesic K 1741 2263 13.3 1353 1123 1.2

Hot and mesic N 55 1424 17.8 1645 1285 1.28
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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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RCP85 12.2 2.2 21.8 4.0
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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.

Annual Precipitation
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RCP Annual Precipitation (mm/yr)

Mean | Min | Max | Std

2000 1122 695 2166 264

RCP26 1156 725 2230 270

RCP45 1164 728 2249 273

RCP60 1149 716 2223 270

RCP85 1168 729 2254 274
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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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2000 987 639 1347 150
RCP26 1045 704 1402 150
RCP45 1054 715 1411 150
RCP60 1036 698 1388 149
RCP85 1069 732 1423 149
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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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2000 1.13 0.90 1.72 0.11
RCP26 1.10 0.88 1.69 0.11
RCP45 1.09 0.88 1.70 0.12
RCP60 1.10 0.88 1.70 0.12
RCP85 1.08 0.86 1.68 0.12
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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.

Priority Area: 1.1

Bioclimatic Zone Zone Area (km?) Area Change Mean Elevation (m asl) | Upward Shift
2000] Rcpss| (km?) | % 2000] RCP85 (m)

Extremely cold and mesic F 289 31 (258) (89) 4073 4439 365
Cold and mesic G 1669 980 (689) (41) 3518 3789 271
Cool temperate and moist J 843 1102 259 31 2978 3346 367
Warm temperate and mesic K 1746 2039 293 17 2270 2582 312
Extremely hot and mesic M 56 56 1424

Hot and mesic N 65 404 339 522 1419 1814 395
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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.
Priority Area: 1.1

Bioclimatic Zone Zone Area (km?) Area Change Mean Elevation (m asl) | Upward Shift

2000]  Rcp8s| (km?)] % 2000]  Rcpss (m)
Extremely cold and mesic F8 1 - - - 4530 - -
Extremely cold and mesic F13 155 1| (154) (99) 4196 4530 334
Extremely cold and mesic F15 133 30| (103) (77) 3927 4436 509
Cold and mesic G7 - 9 - - - 4384 -
Cold and mesic G8 5 - - - 3718 - -
Cold and mesic G11 1025 546( (479) (47) 3624 3890 266
Cold and mesic G13 639 425| (214) (33) 3347 3646 299
Cool temperate and moist 13 506 381| (125) (25) 3056 3453 397
Cool temperate and moist J4 - 24 - - - 3157 -
Cool temperate and moist J5 337 697| 360 107 2862 3294 431
Warm temperate and mesic K1 875 684| (191) (22) 2534 2940 406
Warm temperate and mesic K5 4 165 161 4,025 2591 2696 105
Warm temperate and mesic K7 548 547 (1) (0) 2119 2534 415
Warm temperate and mesic K10 - 47 - - - 2498 -
Warm temperate and mesic K11 30 - - - 1558 - -
Warm temperate and mesic K13 289 596( 307 106 1825 2190 366
Hot and mesic N3 62 311 249 402 1425 1883 458
Hot and mesic N8 3 93 90 3,000 1286 1581 295
Extremely hot and mesic M1 - 23 - - - 1550 -
Extremely hot and mesic M2 - 33 - - - 1336 -
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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.
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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.

Priority Area: 1.1

Bioclimatic Zone Zone | Protected Area (km?) | Area Change | Mean Elevation (masl) | Shift
2000] RCP85|  km’| % 2000/  RCP85 (m)
Extremely cold and mesic F 285 34 (251) (88) 4069 4406 337
Cold and mesic G 1312 861 | (451) (34) 3524 3788 264
Cool temperate and moist J 492 799 307 62 2979 3343 364
Warm temperate and mesic K 526 888 362 69 2471 2707 236
Extremely hot and mesic M - 7 - - - 1534 -
Hot and mesic N - 26 - - - 1964 -
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Priority Area 1.2
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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).

Priority Area: 1.2

Bioclimatic Zone Zone| Area Mean Elev | Mean Temp | Annual Precip | Annual PET | Aridity Index
km? m asl °C mm mm

Extremely cold and mesic F 502 4322 1.8 787 716 1.11

Cold and mesic G 1245 3557 6.4 952 868 11

Cool temperate and moist J 717 3032 9.6 1103 989 1.12

Warm temperate and mesic K 1459 2359 13.5 1299 1133 1.14

Hot and mesic N 45 1591 17.5 1594 1276 1.25
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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.
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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.

Priority Area: 1.2

Bioclimatic Zone Zone Area (km?) Area Change Mean Elevation (m asl) Upward Shift
2000] Rcpss| (km?) | % 2000] RCP85 (m)

Extremely cold and mesic F 491 151 (340) (69) 4281 4778 497
Cold and mesic G 1281 919 (362) (28) 3549 3848 300
Cool temperate and xeric H 15 15 3603

Cool temperate and moist J 722 854 132 18 3011 3350 339
Warm temperate and mesic K 1419 1662 243 17 2317 2629 313
Extremely hot and mesic M 9 1411

Hot and mesic N 28 331 303 1,082 1493 1799 305
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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.

Bioclimatic Strata

Priority Area: 1.2 Year 2000
Maili and Biluo Snow Mountain Cold-Temperate Conderous
RCP 4.5 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.

Priority Area: 1.2

Bioclimatic Zone Zone Area (km?) Area Change Mean Elevation (m asl) | Upward Shift

2000] Rcp8s| (km?)] % 2000]  Rcpss (m)
Extremely cold and mesic F8 80 25 (55) (69) 5008 5347 339
Extremely cold and mesic F13 249 62| (187) (75) 4293 4831 539
Extremely cold and mesic F15 162 64 (98) (60) 3904 4504 600
Cold and mesic G7 1 56 55 5,500 4090 4387 297
Cold and mesic G8 27 12| (15) (56) 3851 4006 155
Cold and mesic G11 659 338 (321) (49) 3649 3929 280
Cold and mesic G13 594 513 (81) (14) 3422 3733 310
Cool temperate and dry H5 - 15 - - - 3603 -
Cool temperate and moist J3 414 350 (64) (15) 3085 3467 382
Cool temperate and moist 14 - 112 - - - 3192 -
Cool temperate and moist 15 308 392 84 27 2912 3290 378
Warm temperate and mesic K1 764 549| (215) (28) 2580 2962 382
Warm temperate and mesic K5 13 195| 182 1,400 2237 2767 530
Warm temperate and mesic K7 286 325 39 14 2200 2603 402
Warm temperate and mesic K10 18 109 91 506 2093 2508 415
Warm temperate and mesic K13 338 4841 146 43 1835 2242 406
Hot and mesic N3 28 240( 212 757 1493 1864 370
Hot and dry N8 - 91 - - - 1627 -
Extremely hot and mesic M2 - 9 - - 1411 -
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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
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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).

Priority Area: 1.3

Bioclimatic Zone Zone| Area Mean Elev | Mean Temp | Annual Precip | Annual PET | Aridity Index
km? m asl °C mm mm
Extremely cold and mesic F 2436 4321 1.5 693 720 0.97
Cold and mesic G 4845 3525 6.2 828 882 0.94
Cool temperate and dry H 201 3137 8.5 686 997 0.69
Cool temperate and moist J 4029 2999 9.7 998 1010 0.99
Warm temperate and mesic K 5131 2524 12.5 1066 1121 0.95
Warm temperate and xeric L 11 2059 15.4 1027 1242 0.83
Hot and mesic N 20 1557 17.8 1254 1309 0.96
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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.
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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.

Priority Area: 1.3

Bioclimatic Zone Zone Area (km?) Area Change Mean Elevation (m asl) | Upward Shift
2000] Repss| (km?) | % 2000] RCPS5 (m)
Extremely cold and mesic F 2388 668 (1,720) (72) 4352 4700 348
Cold and mesic G 4846 3351 (1,495) (31) 3536 3999 463
Cool temperate and xeric H 205 999 794 387 3120 3527 406
Cool temperate and moist J 4045 3021 (1,024) (25) 3004 3317 313
Warm temperate and mesic K 5151 7705 2,554 50 2501 2749 248
Warm temperate and xeric L 15 285 270 1,800 1909 2323 414
Hot and mesic N 16 637 621 3,881 1528 2077 549
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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.
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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.
Priority Area: 1.3

Bioclimatic Zone Zone Area (km?) Area Change Mean Elevation (m asl) [ Upward Shift

2000 Rcpss| (km?)] % 2000]  RcPss (m)
Extremely cold and mesic F8 359 2| (357) (99) 4824 5244 420
Extremely cold and mesic F13 1725 455](1,270) (74) 4318 4793 475
Extremely cold and mesic F15 304 211 (93) (31) 3986 4493 507
Cold and mesic G7 374 860 486 130 3900 4375 475
Cold and mesic G8 9 1 (8) (89) 3823 4098 275
Cold and mesic G11 3145 20491(1,096) (35) 3572 3905 333
Cold and mesic G13 1318 441| (877) (67) 3344 3701 357
Cool temperate and xeric H5 205 999| 794 387 3120 3527 406
Cool temperate and moist 13 1038 440| (598) (58) 3153 3472 320
Cool temperate and moist J4 - 2 - - - 3198 -
Cool temperate and moist J5 3007 2579 (428) (14) 2953 3291 338
Warm temperate and mesic K1 2767 2127( (640) (23) 2669 3025 356
Warm temperate and mesic K2 - 13 - - - 2833 -
Warm temperate and mesic K5 1487 2667| 1,180 79 2419 2810 391
Warm temperate and mesic K7 - 101 - - - 2624 -
Warm temperate and mesic K10 787 23901 1,603 204 2157 2529 373
Warm temperate and mesic K13 110 407| 297 270 1845 2233 388
Warm temperate and xeric L3 15 285 270 1,800 1909 2323 414
Hot and mesic N2 5 394( 389 7,780 1660 2187 527
Hot and mesic N3 10 93 83 830 1482 1863 381
Hot and dry N4 - 36 - - - 1994 -
Hot and mesic N5 1 92 91 9,100 1325 1976 651
Hot and dry N8 - 20 - - - 1554 -
Hot and dry N9 - 2 - - - 1511 -
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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.

Priority Area: 1.3

Bioclimatic Zone Zone | Protected Area (km?) | Area Change | Mean Elevation (m asl) Shift
2000] RCP85|  km?| % 2000/  RCP85 (m)
Extremely cold and mesic F 913 259 (654) (72) 4251 4593 342
Cold and mesic G 1587 1363 (224) (14) 3562 3929 367
Cool temperate and dry H 32 177 145 453 2913 3437 524
Cool temperate and moist J 940 846 (94) (10) 3048 3365 317
Warm temperate and mesic K 715 1426 711 99 2591 2869 278
Warm temperate and xeric L 2 49 47 2350 1937 2315 378
Hot and mesic N - 69 - - - 2096 -
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Priority Area: 1.4

Shangri-la Mountain Cold-Temperate Coniferous Forest
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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).

Priority Area: 1.4

Bioclimatic Zone Zone| Area Mean Elev | Mean Temp | Annual Precip | Annual PET | Aridity Index
km? m asl °C mm mm
Extremely cold and mesic F 2037 4285 1.8 762 752 1.02
Cold and mesic G 5126 3660 5.4 777 885 0.88
Cool temperate and dry H 445 3179 8.2 714 1015 0.71
Cool temperate and moist J 1048 3029 9.5 894 1038 0.86
Warm temperate and mesic K 1100 2513 12.6 915 1160 0.79
Warm temperate and xeric L 161 1955 16 960 1285 0.75
Hot and mesic N 6 1682 17.4 955 1349 0.71
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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.
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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.
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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.
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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.

Priority Area: 1.4

Bioclimatic Zone Zone Area (km?) Area Change Mean Elevation (m asl) | Upward Shift
2000] Rreess| (km) | % 2000| RCPS5 (m)
Extremely cold and mesic F 2012 417 (1,595) (79) 4313 4564 250
Cold and mesic G 5115 3466 (1,649) (32) 3686 4061 375
Cool temperate and xeric H 445 2557 2,112 475 3161 3569 408
Cool temperate and moist J 1043 1296 253 24 3050 3375 326
Warm temperate and mesic K 1112 1521 409 37 2518 2862 344
Warm temperate and xeric L 174 375 201 116 1900 2348 448
Hot and mesic N 6 275 269 4,483 1835 1989 154
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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.
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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.

Priority Area: 1.4

Bioclimatic Zone Zone Area (km?) Area Change Mean Elevation (m asl) | Upward Shift

2000] RcP8s| (km?)] % 2000]  Rcpss (m)
Extremely cold and mesic F8 117 28 (89) (76) 4718 4825 106
Extremely cold and mesic F13 1424 19((1,405) (99) 4341 4755 414
Extremely cold and mesic F15 471 370| (101) (21) 4127 4534 407
Cold and mesic G7 590 680 90 15 3992 4348 356
Cold and mesic G11 4160 2350((1,810) (44) 3672 4031 358
Cold and mesic G13 365 436 71 19 3343 3776 433
Cool temperate and xeric H5 445 25571 2,112 475 3161 3569 408
Cool temperate and moist 13 53 50 (3) (6) 3209 3671 461
Cool temperate and moist J5 990 1246 256 26 3041 3364 322
Warm temperate and mesic K1 460 350| (110) (24) 2712 3087 375
Warm temperate and mesic K2 - 2 - - - 2859 -
Warm temperate and mesic K5 418 719| 301 72 2478 2897 418
Warm temperate and mesic K10 234 450| 216 92 2208 2630 422
Warm temperate and xeric L3 174 375 201 116 1900 2348 448
Hot and dry N2 - 2 - - - 2199 -
Hot and mesic N4 6 195| 189 3,150 1835 2051 216
Hot and dry N5 - 63 - - - 1831 -
Hot and dry N9 - 8 - - - 1724 -
Hot and dry N11 - 7 - - - 1908 -

85



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.

Priority Area: 1.4

Bioclimatic Zone Zone | Protected Area (km?) | Area Change | Mean Elevation (m asl) Shift
2000) RCP85|  km?| % 2000/  RCP85 (m)
Extremely cold and mesic F 135 66 (69) (51) 4309 4564 255
Cold and mesic G 383 189 (194) (51) 3571 3841 270
Cool temperate and dry H - 127 - - - 3660 -
Cool temperate and moist J 92 157 65 71 2973 3334 -
Warm temperate and mesic K 117 145 28 24 2459 2753 -
Warm temperate and xeric L 17 34 17 100 1813 2271 458
Hot and dry N - 26 - - - 1917 -
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Priority Area: 2.1

Southern Gaoligong Mountain Humid Evergreen Broadleaf Forest

BSAP Priority Area 2.1 s
Southern Gaoligeng Mountain Mumid Evergreen Broadleal Fo

Blbcil_miilc ionés

7L Matonal tiature Reseve

1 Provincie Natuse Resene
Bl 7 Eiremery Coms Ana Mesk
Bl G CowaAndg Mesic

I ¢ Coo Tempesate And Mokst
- ) Cool Tomperate And Masx
St 4

{Z d K Warm Temperate And Mesk |

_ L Warm Tomperato And Moest
| B v Exvemesy HotAnag Mesic
N HOLAN Mesic
I R Extremety Mot And Mot

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).

Priority Area: 2.1

Bioclimatic Zone Zone| Area Mean Elev | Mean Temp | Annual Precip | Annual PET | Aridity Index
km? m asl °C mm mm

Cold and mesic G 300 3416 7.6 1221 906 1.35

Cool temperate and moist J 830 2864 10.5 1386 1015 1.36

Warm temperate and mesic K 3838 2170 13.9 1441 1152 1.25

Hot and mesic N 40 1322 17.8 1734 1297 1.34
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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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2000 13.0 4.0 20.2 2.5
RCP26 14.5 5.5 21.7 2.5
RCP45 14.9 5.9 22.1 2.5
RCP60 14.5 5.5 21.7 2.5
RCP85 15.3 6.3 22.6 2.5




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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Mean | Min | Max | Std
2000 1420 1096 1882 136
RCP26 1459 1122 1952 143
RCP45 1470 1131 1965 144
RCP60 1471 1123 1971 146
RCP85 1502 1143 2031 153
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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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2000 1113 777 1384 98
RCP26 1166 829 1434 99
RCP45 1176 840 1440 99
RCP60 1152 820 1417 97
RCP85 1185 852 1446 98
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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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2000 1.28 1.00 1.57 0.11
RCP26 1.26 0.99 1.54 0.11
RCP45 1.25 0.98 1.53 0.11
RCP60 1.28 1.01 1.57 0.11
RCP85 1.27 1.00 1.57 0.12
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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.
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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.

Priority Area: 2.1

Bioclimatic Zone Zone Area (km?) Area Change Mean Elevation (m asl) | Upward Shift
2000] Rcpss| (km?) | % 2000] RCP85 (m)

Cold and mesic G 284 73 (211) (74) 3504 3738 235

Cool temperate and moist J 772 777 5 1 2926 3135 209

Warm temperate and mesic K 3819 3417 (402) (11) 2193 2298 105

Extremely hot and mesic M 22 22 1232

Hot and mesic N 30 616 586 1,953 1315 1755 440
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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.
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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.

Priority Area: 2.1

Bioclimatic Zone Zone Area (km?) Area Change Mean Elevation (m asl) | Upward Shift

2000] RcP8s| (km?)] % 2000]  Rcpss (m)
Cold and mesic G8 45 3| (42) (93) 3769 3889 120
Cold and mesic G13 239 70| (169) (71) 3454 3732 278
Cool temperate and moist 13 435 88| (347) (80) 3066 3529 462
Cool temperate and moist Ja 337 689( 352 104 2744 3084 341
Warm temperate and mesic K1 941 23| (918) (98) 2600 2930 330
Warm temperate and mesic K7 2222 1589| (633) (28) 2139 2522 383
Warm temperate and mesic K10 50 - - - 1995 - -
Warm temperate and mesic K11 - 84 - - - 1918 -
Warm temperate and mesic K13 606 1721] 1,115 184 1774 2101 327
Hot and mesic N3 26 549( 523 2,012 1368 1781 414
Hot and mesic N8 4 67 63 1,575 975 1537 563
Extremely hot and mesic M1 - 17 - - - 1302 -
Extremely hot and mesic M2 - 1 - - 1058 -
Extremely hot and mesic M6 - 3 - - 994 -
Extremely hot and mesic M7 - 1 - - - 917 -
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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.

Priority Area: 2.1

Bioclimatic Zone Zone | Protected Area (km?) | Area Change | Mean Elevation (m asl) Shift
2000] RCP85|  km?| % 2000 | RCP85 (m)

Cold and mesic G 149 25 (124) (83) 3382 3666 284

Cool temperate and moist J 324 455 131 40 2977 3069 92

Warm temperate and mesic K 1045 994 (51) (5) 2393 2418 25

Hot and mesic N 1 45 44 4400 1539 1760 221
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Priority Area: 2.2

Tongbiguan Tropical Rainforest

BSAP Priority Area 2 2
Tongbiguan Tropical Rainforest

' Bloclimatic Zones
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g 1 Frowinc e Natuse Resene
Bl 7 Eiremery Coms Ana Mesk
- G_Cold And Mesic
B ¢ Coot Teapesane And Motst
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| I exremesy HotAna Mesc
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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).

Priority Area: 2.2

Bioclimatic Zone Zone| Area Mean Elev | Mean Temp | Annual Precip | Annual PET | Aridity Index
km? m asl °C mm mm

Cool temperate and moist J 3 2240 13.1 1715 1119 1.53

Warm temperate and mesic K 390 1578 16.4 1657 1279 13

Extremely hot and mesic M 121 654 21.5 1656 1487 1.11

Hot and mesic N 1059 1095 19.2 1599 1407 1.14
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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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2000 18.7 12.6 23.5 1.7
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RCP45 20.7 14.6 25.5 1.7
RCP60 20.3 14.2 25.1 1.7
RCP85 21.2 15.0 26.0 1.7
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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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RCP85 1731 1549 1937 82
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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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2000 1384 1097 1554 78
RCP26 1438 1148 1605 78
RCP45 1449 1156 1614 78
RCP60 1426 1136 1591 78
RCP85 1456 1164 1619 78
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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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2000 1.17 0.96 1.55 0.10
RCP26 1.18 0.97 1.55 0.10
RCP45 1.17 0.96 1.54 0.10
RCP60 1.19 0.97 1.57 0.11
RCP85 1.20 0.98 1.58 0.11
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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.
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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.

Priority Area: 2.2

Bioclimatic Zone Zone Area (km?) Area Change Mean Elevation (m asl) | Upward Shift

2000] Rreess| (km) | % 2000| RCP85 (m)
Warm temperate and mesic K 377 41 (336) (89) 1623 1947 324
Extremely hot and mesic M 96 791 695 724 657 1056 400
Hot and mesic N 1041 526 (515) (49) 1100 1495 394
Extremely hot and moist R 156 156 762
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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.
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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.

Priority Area: 2.2

Bioclimatic Zone Zone Area (km?) Area Change Mean Elevation (m asl) | Upward Shift

2000] Rcp8s| (km?)] % 2000]  Rcpss (m)
Warm temperate and mesic K7 82 7 (75) (91) 1863 2140 277
Warm temperate and mesic K11 - 17 - - - 1865 -
Warm temperate and mesic K13 295 17| (278) (94) 1556 1949 393
Hot and mesic N3 444 198 (246) (55) 1260 1652 393
Hot and mesic N8 597 328| (269) (45) 982 1399 418
Extremely hot and mesic M1 - 2 - - - 1242 -
Extremely hot and mesic M2 87 569| 482 554 687 1109 422
Extremely hot and mesic M7 9 220 211 2,344 361 918 557
Extremely hot and moist R1 - 156 - - - 762 -
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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.

Priority Area: 2.2

Bioclimatic Zone Zone | Protected Area (km?) Mean Elevation (m asl) Shift
2000]  RcP85 % 2000] RCPS5 (m)

Cool temperate and moist J 2 - - 2378 - -

Warm temperate and mesic K 255 35 (86) 1633 2014

Extremely hot and mesic M 77 462 500 700 1093 393

Hot and mesic N 634 355 (44) 1132 1482 350

Extremely hot and moist R 116 - - 784 -
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Priority Area: 2.3

Nanting River Tropical Rainforest
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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).

Priority Area: 2.3

Bioclimatic Zone Zone| Area Mean Elev | Mean Temp | Annual Precip | Annual PET | Aridity Index
km? m asl °C mm mm
y
Cold and mesic G 1 3249 8.1 1336 944 1.42
Cool temperate and moist J 60 2872 10.4 1361 1040 1.31
Warm temperate and mesic K 2587 2082 14.6 1349 1224 1.11
Extremely hot and mesic M 206 767 21.5 1398 1558 0.9
Hot and mesic N 1219 1246 19 1383 1431 0.97
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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.

Annual Precipitation Year 2000
Priority Area: 2.3

Nanting River Tropical Rainforest

Precipitation (mm/yr) ,

cs00-600 [N vo1- 200 [ 1701 - 1500
[ a0 [ o201 - 1300 [ 1501 - 1990
D erevoo [ 130 - 1500 [ 1001 - 2000
0 sor-900 [ vaor- 1500 [ 2001 - 2100
B vo1 - 1000 [ 1201 - 1600 [ 2101 - 2200
B veor - 1ioo [ 1e0t - 1700 [ 2201 - 2300

Mean = 1362 mm
0 10 20 40 60 BOKm

Mean = 1404 mm Mean = 1420 mm

RCP Annual Precipitation (mm/yr)
Mean | Min | Max | Std
2000 1363 1129 1498 76
RCP26 1409 1159 1553 83
RCP45 1405 1158 1550 82
RCP60 1400 1155 1539 81
RCP85 1421 1172 1564 83

105



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.
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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.

Priority Area: 2.3

Bioclimatic Zone Zone Area (km?) Area Change Mean Elevation (m asl) | Upward Shift
2000] Rcpss| (km?) | % 2000] RCPS85 (m)

Cold and mesic G 1 (1)  (100) 3289

Cool temperate and moist J 60 54 (6) (10) 2908 2957 50
Warm temperate and mesic K 2566 1576 (990) (39) 2082 2301 218
Extremely hot and mesic M 190 568 378 199 758 1160 402
Hot and mesic N 1216 1505 289 24 1242 1634 392
Extremely hot and moist R 330 330 821
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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.
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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.
Priority Area: 2.3

Bioclimatic Zone Zone Area (km?) Area Change Mean Elevation (m asl) | Upward Shift

2000]  Rcpss| (km?)] % 2000]  Rcpss (m)
Cold and mesic G13 1 - - - 3289 - -
Cool temperate and moist 13 33 - - - 3034 - -
Cool temperate and moist 14 27 54 27 100 2752 2957 205
Warm temperate and mesic K1 601 - - - 2510 - -
Warm temperate and mesic K5 34 - - - 2255 - -
Warm temperate and mesic K7 685 557 (128) (19) 2210 2532 323
Warm temperate and mesic K10 167 6| (161) (96) 2089 2407 318
Warm temperate and mesic K13 1079 1013 (66) (6) 1757 2173 416
Hot and mesic N2 41 10 (31) (76) 1649 2044 395
Hot and mesic N3 647 720 73 11 1371 1789 418
Hot and mesic N5 15 42 27 180 1439 1880 440
Hot and mesic N8 345 566| 221 64 1091 1465 374
Hot and mesic N9 18 165( 147 817 1158 1452 294
Hot and mesic N11 150 2| (148) (99) 912 1586 674
Extremely hot and mesic M2 - 21 - - - 1258 -
Extremely hot and mesic M4 189 547| 358 189 759 1156 397
Extremely hot and mesic M7 1 - - - 543 - -
Extremely hot and moist R1 - 330 - - - 821 -
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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.

Priority Area: 2.3

Bioclimatic Zone Zone | Protected Area (km?) | Area Change | Mean Elevation (masl) | Shift
2000] RCP85| km’| % 2000/  RCP85 (m)
Cold and mesic G 1 - - - 3301 - -
Cool temperate and moist J 57 52 (5) 9) 2865 2910 45
Warm temperate and mesic K 981 723 (258) (26) 2222 2396 174
Extremely hot and mesic M 53 85 32 60 747 1156 409
Hot and mesic N 215 373 158 73 1261 1651 390
Extremely hot and moist R - 74 - - - 798 -
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Priority Area: 2.4
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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).

Priority Area: 2.4

Bioclimatic Zone Zone| Area Mean Elev | Mean Temp | Annual Precip | Annual PET | Aridity Index
km? m asl °C mm mm

Warm temperate and mesic K 1304 1789 16.4 1573 1326 1.19

Extremely hot and mesic M 2596 859 21.5 1498 1547 0.97

Hot and mesic N 8380 1246 19.3 1540 1455 1.06

Extremely hot and moist R 11 604 233 1290 1648 0.78
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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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RCP85 21.8 15.3 26.1 1.7
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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.
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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.

Priority Area: 2.4

Bioclimatic Zone Zone Area (km?) Area Change Mean Elevation (m asl) | Upward Shift
2000] Repss| (km?) | % 2000] RCPS5 (m)
Warm temperate and mesic K 1320 112 (1,208) (92) 1792 2159 367
Extremely hot and mesic M 2561 4551 1,990 78 839 1219 380
Hot and mesic N 8352 3325 (5,027) (60) 1242 1578 336
Extremely hot and moist R 6 4251 4,245 70,750 581 907 326
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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.
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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.

Priority Area: 2.4

Bioclimatic Zone Zone Area (km?) Area Change Mean Elevation (m asl) | Upward Shift

2000] Rcp8s| (km?)] % 2000]  Rcpss (m)
Warm temperate and mesic K7 134 1] (133) (99) 2134 2468 334
Warm temperate and mesic K13 1186 111((1,075) (91) 1753 2157 403
Hot and mesic N3 3161 696(2,465) (78) 1427 1847 420
Hot and mesic N8 4556 2402(2,154) (47) 1149 1511 362
Hot and mesic N11 635 227| (408) (64) 990 1460 470
Extremely hot and mesic M2 1046 1419( 373 36 900 1210 310
Extremely hot and mesic M4 1424 3100( 1,676 118 807 1225 418
Extremely hot and mesic M7 91 32 (59) (65) 651 1084 434
Extremely hot and moist R1 6 4251 4,245 70,750 581 907 326
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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.
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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.

Priority Area: 2.4

Bioclimatic Zone

Zone

Protected Area (km?)

Area Change | Mean Elevation (m asl) Shift
2000/ RcP85| km? % 2000| RCP85 (m)
Warm temperate and mesic K 73 - - - 1637 - -
Extremely hot and mesic M 962 1315 353 37 864 1173 309
Hot and mesic N 2217 322 (1895) (85) 1147 1458 311
Extremely hot and moist R - 1615 - - - 918 -
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Priority Area: 2.5
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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).

Priority Area: 2.5

Bioclimatic Zone Zone| Area Mean Elev | Mean Temp | Annual Precip | Annual PET | Aridity Index
km? m asl °C mm mm

Cool temperate and moist J 137 2546 11.3 1611 983 1.64

Warm temperate and mesic K 4815 1779 15.9 1465 1169 1.26

Extremely hot and mesic M 1794 652 22.2 1415 1457 0.97

Hot and mesic N 4902 1191 19.2 1477 1338 1.1

Extremely hot and moist R 100 362 24.2 1305 1543 0.85
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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.
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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.

Priority Area: 2.5

Bioclimatic Zone Zone Area (km?) Area Change Mean Elevation (m asl) | Upward Shift
2000] Rcpss| (km?) [ % 2000| RCPS5 (m)

Cool temperate and moist J 155 9 (146) (94) 2512 2693 182

Warm temperate and mesic K 4509 1946 (2,563) (57) 1772 2026 254

Extremely hot and mesic M 1821 3001 1,180 65 654 1085 431

Hot and mesic N 5168 4478 (690) (13) 1226 1564 337

Extremely hot and moist R 84 2303 2,219 2,642 452 747 295
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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.
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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.
Priority Area: 2.5

Bioclimatic Zone Zone Area (km?) Area Change Mean Elevation (m asl) [ Upward Shift

2000] Rcp8s| (km?)] % 2000]  Rcpss (m)
Cool temperate and moist 14 155 9| (146) (94) 2512 2693 182
Warm temperate and mesic K1 12 - - - 2286 - -
Warm temperate and mesic K2 148 49 (99) (67) 2139 2496 357
Warm temperate and mesic K7 1595 373((1,222) (77) 1967 2294 327
Warm temperate and mesic K10 60 - - - 1937 - -
Warm temperate and mesic K11 247 311 64 26 1456 1829 373
Warm temperate and mesic K13 2447 1213(1,234) (50) 1648 1976 327
Hot and mesic N2 825 48| (777) (94) 1529 1774 245
Hot and mesic N3 1722 1536 (186) (11) 1300 1637 337
Hot and mesic N5 610 1117| 507 83 1282 1653 371
Hot and mesic N8 1738 1495| (243) (14) 1028 1425 397
Hot and mesic N9 32 161 129 403 1054 1562 509
Hot and mesic N11 241 121 (120) (50) 984 1452 469
Extremely hot and mesic M2 930 1763| 833 90 722 1170 447
Extremely hot and mesic M4 518 443 (75) (14) 686 1163 477
Extremely hot and mesic M6 - 40 - - - 1132 -
Extremely hot and mesic M7 373 755| 382 102 438 837 399
Extremely hot and moist R1 84 23031 2,219 2,642 452 747 295
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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.

Priority Area: 2.5

Bioclimatic Zone Zone | Protected Area (km?) |Area Change Mean Elevation (m asl) Shift
2000/ RcpP8s|  km?| % 2000/  RCP85 (m)
Cool temperate and moist J 140 9 (131) (94) 2541 2748 207
Warm temperate and mesic K 896 687 (209) (23) 1908 2162 255
Hot and mesic N 234 389 155 66 635 1005 369
Extremely hot and mesic M 492 443 (49) (10) 1152 1585 433
Extremely hot and moist R 4 238 234 5850 486 753 267
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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).

Priority Area: 3

Bioclimatic Zone Zone| Area Mean Elev | Mean Temp | Annual Precip | Annual PET | Aridity Index
km? m asl °C mm mm

Warm temperate and mesic K 4174 1493 16.4 1277 1166 1.1

Warm temperate and xeric L 143 1545 16.8 1021 1234 0.83

Extremely hot and mesic M 580 477 21.7 1269 1374 0.92

Hot and mesic N 5525 1045 18.7 1257 1257 1
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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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2000 17.9 11.8 24.1 1.8
RCP26 19.6 134 25.8 1.9
RCP45 20.0 13.8 26.2 1.8
RCP60 19.5 13.3 25.6 1.8
RCP85 20.4 14.2 26.6 1.9
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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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RCP85 1284 978 2080 139
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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.
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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.

Priority Area: 3

Bioclimatic Zone Zone Area (km?) Area Change Mean Elevation (m asl) | Upward Shift
2000] Rrcpss| (km?) | % 2000] RCP85 (m)

Warm temperate and mesic K 4149 428 (3,721) (90) 1495 1745 250

Warm temperate and xeric L 129 (129) (100) 1540

Extremely hot and mesic M 585 2729 2,144 366 467 862 395

Hot and mesic N 5539 6502 963 17 1039 1379 339

Extremely hot and moist R 743 743 #DIV/0! 494 494
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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.
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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.

Priority Area: 3

Bioclimatic Zone Zone Area (km?) Area Change Mean Elevation (m asl) | Upward Shift

2000] Rcp8s| (km?)] % 2000]  Rcpss (m)
Warm temperate and mesic K2 66 6 (60) (91) 1990 2095 105
Warm temperate and mesic K5 33 - - - 1958 - -
Warm temperate and mesic K7 440 29| (411) (93) 1670 2056 386
Warm temperate and mesic K10 1507 81(1,499) (99) 1621 2069 447
Warm temperate and mesic K11 52 125 73 140 1496 1805 309
Warm temperate and mesic K13 2051 260](1,791) (87) 1342 1664 322
Warm temperate and xeric L3 129 - - - 1540 - -
Hot and mesic N2 2387 519((1,868) (78) 1268 1718 450
Hot and mesic N3 947 1061| 114 12 988 1430 442
Hot and dry N4 - 42 - - - 1709 -
Hot and mesic N5 1170 3247] 2,077 178 916 1421 505
Hot and mesic N8 1001 1507| 506 51 709 1149 441
Hot and dry N9 - 124 - - - 1101 -
Hot and mesic N11 34 2 (32) (94) 412 965 553
Extremely hot and mesic M2 447 1691 1,244 278 504 944 439
Extremely hot and mesic M4 97 349| 252 260 340 820 480
Extremely hot and mesic M6 - 48 - - - 803 -
Extremely hot and mesic M7 41 641 600 1,463 365 675 310
Extremely hot and moist R1 - 743 - - - 494 -
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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.

Priority Area: 3

Bioclimatic Zone Zone |Protected Area (km?) |Area Change Mean Elevation (m asl) Shift
2000] RCP85|  km?| % 2000/  RCP85 (m)
Warm temperate and mesic K 268 112 (156) (58) 1570 1819 249
Extremely hot and mesic M 113 103 (10) (9) 416 828 412
Hot and mesic N 179 212 33 18 937 1364 427
Extremely hot and moist R - 133 - - - 431 -
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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).

Priority Area: 4.1

Bioclimatic Zone Zone| Area Mean Elev | Mean Temp | Annual Precip | Annual PET | Aridity Index
km? m asl °C mm mm

Cold and mesic G 83 2685 7.8 1143 870 1.32

Cool temperate and moist J 601 2208 10.2 1006 957 1.05

Warm temperate and mesic K 5370 1318 13.8 952 1070 0.89

Warm temperate and xeric L 138 948 16.4 866 1256 0.69

Hot and mesic N 288 556 17.5 1015 1214 0.84
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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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RCP85 16.0 8.4 21.7 2.0
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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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RCP85 0.85 0.57 1.41 0.10
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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.

Bioclimatic Zones
Priority Area: 4.1

Wumeng Mountain Humid Evergreen Broadieaf

Bioclimatic Zones

I 5oty cobd and mesic
- Extremely cold and wet
B Coid wod mesic Hot aed mesic

- Cold and wet n Extremety hot and arid
- Cosl tempernte sod dry f-i
- Cosl temperate and xerke - Extresacly hot and mesic
Cosl temperate and mebt - Fxtremely hot xod maist

Warm temperate snd meske
Warm temperate and veric

:f Fatremely hot and veric

0 15 30 &0 0 120

Year 2000

RCP 4.5
[ " o
Ié "
\ §
I) dl" \‘J
/f\,,/.
A ;a,- > 3? 2
2 T -2
0 ol N Jo
b \ 5 S )
& i&,\ e P e
/ T gy s
7 r 1'/ 1% e
i, £
{/I \'\,//f,\?_;:}_/f"
7

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.

Priority Area: 4.1

Bioclimatic Zone Zone Area (km?) Area Change Mean Elevation (m asl) | Upward Shift
2000] Rcpss| (km?) | % 2000] RCP85 (m)

Cold and mesic G 138 6 (132) (96) 2627 2929 302
Cool temperate and moist J 519 204 (315) (61) 2168 2559 392
Warm temperate and mesic K 5372 3730 (1,642) (31) 1312 1582 270
Warm temperate and xeric L 135 724 589 436 727 1075 349
Extremely hot and mesic M 9 9 699

Hot and mesic N 247 1738 1,491 604 553 889 336
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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.
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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.

Priority Area: 4.1

Bioclimatic Zone Zone Area (km?) Area Change Mean Elevation (m asl) | Upward Shift

2000] Rcp8s| (km?)] % 2000]  RcP8s (m)
Cold and mesic G8 2 - - - 2822 - -
Cold and mesic G13 136 6| (130) (96) 2624 2929 304
Cool temperate and moist 13 160 119 (41) (26) 2361 2606 246
Cool temperate and moist J5 359 85| (274) (76) 2081 2494 412
Warm temperate and mesic K1 1929 229](1,700) (88) 1617 2211 594
Warm temperate and mesic K5 1642 656| (986) (60) 1277 1883 606
Warm temperate and mesic K6 892 1058| 166 19 1123 1553 431
Warm temperate and mesic K10 897 1787| 890 99 916 1407 491
Warm temperate and mesic K11 4 - - - 837 - -
Warm temperate and mesic K13 8 - - - 677 - -
Warm temperate and xeric L3 135 724 589 436 727 1075 349
Hot and mesic N2 217 1096 879 405 543 1000 456
Hot and mesic N4 30 170 140 467 626 885 259
Hot and dry N5 - 444 - - - 638 -
Hot and dry N9 - 3 - - - 519 -
Hot and dry N11 - 25 - - - 595 -
Extremely hot and mesic M3 - 9 - - - 699 -
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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.

Bioclimatic Zones Year 2000
Priority Area: 4.1

Wumeng Mountain Humid Evergreen Broadieaf

‘Bioclimatic Zones

- Extremely cobd and mevic Warm temperate snd meske

- Extremely cold and wet Warm temperate aml xeric -
B Cold wod mesic Hot 30d msic
B Cotd s0d wer I bstromety hot and arid (4
- Cosl tempernte sod dry "ij Extremely hot and veric

- Col temperate and xerke - Extresacly hot and mesic
Cosd temperate and mebt - Extremely hot xnd malst

0 15 20 &0 20 120
N —

RCP 4.5 RCP 8.5

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.

Priority Area: 4.1

Bioclimatic Zone Zone |Protected Area (km?) |Area Change Mean Elevation (m asl) Shift
2000/ RcP85|  km? % 2000| RCPS5 (m)

Cool temperate and moist J 23 - - - 2015 - -

Warm temperate and mesic K 34 57 23 68 1744 1853 109
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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).

Priority Area: 4.2

Bioclimatic Zone Zone| Area Mean Elev | Mean Temp | Annual Precip | Annual PET | Aridity Index
km? m asl °C mm mm
Extremely cold and mesic F 7 3755 4.2 1221 781 1.57
Cold and mesic G 356 3238 6.8 1137 881 13
Cool temperate and moist J 253 2813 9.3 1050 993 1.06
Warm temperate and mesic K 562 2025 13.6 900 1186 0.77
Warm temperate and xeric L 196 1509 16.5 835 1308 0.64
Extremely hot and mesic M 33 966 20.6 746 1481 0.5
Hot and mesic N 472 1111 18.9 791 1407 0.56
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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.

Potential Evaporation

Priority Area: 4.2
Jinsha River Dry-Hot valleys

Year 2000

PET (man/yr)
swe- [ voi e
wi-00 [ 12010
sor-e00 [ 100t 1e0)

R RTTRE

v [ ot 1)

L EURTEE  FCTRR

L EUNTEN  FETET

B 1co1 - 1o

012525 50 75 100 Mean = 1186 mm
I —

RCP 4.5 RCP 8.5

Mean = 1263 mm Mean = 1281 mm
RCP PET (mm/yr)
Mean [ Min | Max | Std
2000 1187 714 1527 211
RCP26 1260 782 1606 215
RCP45 1263 788 1609 214
RCP60 1235 762 1573 212
RCP85 1281 804 1626 215

146



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.
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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.

Priority Area: 4.2

Bioclimatic Zone Zone Area (km?) Area Change Mean Elevation (m asl) | Upward Shift
2000] Rrecpss| (km?) | % 2000] RCP85 (m)

Extremely cold and mesic F 7 (7)  (100) 3973

Cold and mesic G 361 116 (245) (68) 3273 3666 393
Cool temperate and moist J 271 335 64 24 2758 3065 307
Warm temperate and mesic K 591 400 (191) (32) 1953 2470 517
Warm temperate and xeric L 211 223 12 6 1417 1857 440
Extremely hot and mesic M 24 413 389 1,621 863 1031 169
Hot and mesic N 459 423 (36) (8) 1051 1469 418
Extremely hot and moist R 14 14 842
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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.
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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.

Priority Area: 4.2

Bioclimatic Zone Zone Area (km?) Area Change Mean Elevation (m asl) | Upward Shift

2000] Rcp8s| (km?)] % 2000]  Rcpss (m)
Extremely cold and mesic F8 7 - - - 3973 - -
Cold and mesic G8 83 45|  (38) (46) 3720 3873 153
Cold and mesic G13 278 71| (207) (74) 3140 3535 395
Cool temperate and moist 13 117 188 71 61 2919 3145 227
Cool temperate and moist J5 154 147 (7) (5) 2636 2962 326
Warm temperate and mesic K1 113 104 (9) (8) 2356 2783 427
Warm temperate and mesic K5 179 146 (33) (18) 2095 2497 402
Warm temperate and mesic K10 299 150( (149) (50) 1716 2228 511
Warm temperate and xeric L3 211 223 12 6 1417 1857 440
Hot and mesic N4 201 310 109 54 1179 1550 371
Hot and mesic N5 139 45| (94) (68) 1029 1472 443
Hot and mesic N11 119 68| (51) (43) 860 1098 238
Extremely hot and mesic M3 24 413 389 1,621 863 1031 169
Extremely hot and moist R1 - 14 - - - 842 -
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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.

Priority Area: 4.2

Bioclimatic Zone Zone | Protected Area (km?) |Area Change Mean Elevation (m asl) Shift
2000/ RCP85|  km? % 2000/  RCP85 (m)
Extremely cold and mesic F 7 - - - 3800 - -
Cold and mesic G 333 109 (224) (67) 3256 3608 352
Cool temperate and moist J 155 291 136 88 2760 3065 305
Warm temperate and mesic K 63 141 78 124 2113 2539 426
Warm temperate and xeric L 4 9 5 125 1158 1709 551
Extremely hot and mesic M 1 - - - 1075 -
Hot and mesic N 4 15 11 275 923 1358 435
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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).

Priority Area: 5.1

Bioclimatic Zone Zone| Area Mean Elev | Mean Temp | Annual Precip | Annual PET | Aridity Index
km? m asl °C mm mm

Cool temperate and moist J 20 2964 10.4 1278 1037 1.24

Warm temperate and mesic K 700 2394 13.2 1147 1148 1

Warm temperate and xeric L 32 1779 16.5 1031 1282 0.81

Hot and mesic N 31 1462 18.3 1023 1360 0.75
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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.
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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.

Priority Area: 5.1

Bioclimatic Zone Zone Area (km?) Area Change Mean Elevation (m asl) | Upward Shift
2000] Recpss| (km?) | % 2000] RCP85 (m)

Cool temperate and moist J 20 17 (3) (15) 3000 3024 25
Warm temperate and mesic K 723 570 (153) (21) 2403 2483 80
Warm temperate and xeric L 34 (34) (100) 1751

Extremely hot and mesic ] 2 2 1139

Hot and mesic N 32 218 186 581 1429 1979 550
Extremely hot and moist R 2 2 1215
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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.
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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.

Priority Area: 5.1

Bioclimatic Zone Zone Area (km?) Area Change Mean Elevation (m asl) [ Upward Shift

2000 Rcpss| (km?)] % 2000]  RcPss (m)
Cool temperate and moist 13 19 - - - 3008 - -
Cool temperate and moist 14 - 17 - - - 3024 -
Cool temperate and moist J5 1 - - - 2843 - -
Warm temperate and mesic K1 304 19( (285) (94) 2599 2818 219
Warm temperate and mesic K5 238 4 (234) (98) 2356 2639 283
Warm temperate and mesic K7 - 134 - - - 2651 -
Warm temperate and mesic K10 181 329( 148 82 2137 2430 -
Warm temperate and mesic K13 - 84 - - - 2339 -
Warm temperate and xeric L3 34 - (34) (100) 1751 - -
Hot and mesic N2 7 143| 136 1,943 1624 2138 514
Hot and mesic N4 13 - (13) (100) 1504 - -
Hot and mesic N5 11 50 39 355 1246 1791 545
Hot and dry N9 - 15 - - - 1532 -
Hot and mesic N11 1 10 9 900 1095 1314 219
Extremely hot and mesic M4 - 2 - - - 1139 -
Extremely hot and moist R1 - 2 - - - 1215 -
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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.

4 e . n
Bioclimatic Zones SN Year 2000
Priority Area: 5.1 S
Lancang Middle Mountain Evergreen Broadieaf 2t ry
\\7,*‘::{,"\ 1 o e ,_‘}
[ [V
Bioclimatic Zones '\‘\ o3
- Extremely cobd and mesic Warm temperate and mesk "\?:\-}‘l‘
- Estremely cobd and wet Warm temperate and veric \ v
- Cold snd mesic Hot and maosic
I Cotd and wet [ Eatremety hot xnd arid
- Conl tempernte sod dry "7; Extremely hot and veric
- Codl temperate and xerke - Extresacly hot and mesic
Cosld temperute and meint - Extremely hot xnd mailst
2\
e
P R
i e
N RCP 8.5
. 1 R
N
S e P
\, N //i 5. R
o X L U
L et
p o
\\\ "\ﬂ =
\ ~
w
G}
pi %
. " ¥ AN
£ ' 5_7 i
— —

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.

Priority Area: 5.1

Bioclimatic Zone Zone |Protected Area (km?) |Area Change Mean Elevation (m asl) Shift
2000/ RCP85|  km’| % 2000]  RCP85 (m)
Cool temperate and moist J 20 17 (3) (15) 2959 2988 29
Warm temperate and mesic K 513 449 (64) (12) 2459 2496 37
Warm temperate and xeric L 3 - - - 1893 - -
Hot and mesic N 1 71 70 7000 1596 2202 606
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Priority Area: 5.2
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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).

Priority Area: 5.2

Bioclimatic Zone Zone| Area Mean Elev | Mean Temp | Annual Precip | Annual PET | Aridity Index
km? m asl °C mm mm

Cool temperate and moist J 24 2903 10.6 1199 1042 1.15

Warm temperate and mesic K 485 2343 13.8 1107 1170 0.95

Warm temperate and xeric L 66 1911 16.3 1037 1274 0.82

Hot and mesic N 125 1646 17.8 1032 1338 0.77
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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.
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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.

Priority Area: 5.2

Bioclimatic Zone Zone Area (km?) Area Change Mean Elevation (m asl) | Upward Shift
2000] Rcpss| (km?) | % 2000| RCP85 (m)

Cool temperate and moist J 24 2 (22) (92) 2951 3017 66
Warm temperate and mesic K 471 303 (168) (36) 2359 2542 183
Warm temperate and xeric L 64 (64)  (100) 1873

Extremely hot and mesic M 3 3 1337

Hot and mesic N 132 380 248 188 1603 1919 316
Extremely hot and moist R 3 3 1264
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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.
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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.

Priority Area: 5.2

Bioclimatic Zone Zone Area (km?) Area Change Mean Elevation (m asl) | Upward Shift

2000]  Rcp8s| (km?)] % 2000]  Rcpss (m)
Cool temperate and moist 13 22 - - - 2952 - -
Cool temperate and moist 14 - 2 - - - 3017 -
Cool temperate and moist J5 2 - - - 2932 - -
Warm temperate and mesic K1 134 42 (92) (69) 2641 2883 242
Warm temperate and mesic K5 140 2| (138) (99) 2394 2622 227
Warm temperate and mesic K7 - 7 - - - 2731 -
Warm temperate and mesic K10 197 251 54 27 2141 2479 338
Warm temperate and mesic K13 - 1 - - - 2378 -
Warm temperate and xeric L3 64 - - - 1873 - -
Hot and mesic N2 59 162| 103 175 1722 2163 441
Hot and mesic N4 39 4 (35) (90) 1591 1995 404
Hot and mesic N5 32 118 86 269 1423 1869 446
Hot and mesic N9 - 59 - - - 1628 -
Hot and mesic N11 2 37 35 1,750 1212 1468 -
Extremely hot and mesic M6 - 3 - - - 1337 -
Extremely hot and moist R1 - 3 - - - 1264 -
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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.

Priority Area: 5.2

Bioclimatic Zone Zone | Protected Area (km?) |Area Change Mean Elevation (m asl) Shift
2000/ RCP85|  km? % 2000/  RCP85 (m)
Cool temperate and moist J 24 2 (22) (92) 2945 3134 189
Warm temperate and mesic K 269 237 (32) (12) 2461 2552 91
Warm temperate and xeric L 7 - - - 1943 * -
Hot and mesic N 14 74 60 429 1488 2091 603
Extremely hot and moist R - 1 - - - 1235 -
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Priority Area: 5.3

Ailao Mountain Humid Evergreen Broadleaf Forest
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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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RCP Mean annual temperature ('()
Mean | Min Max Std
2000 15.2 10.0 22.3 2.2
RCP26 16.8 11.5 23.8 2.2
RCP45 17.2 12.0 24.3 2.2
RCP60 16.8 11.6 23.9 2.2
RCP85 17.6 12.4 24.7 2.2
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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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Mean | Min Max Std
2000 1233 882 1471 113
RCP26 1241 890 1473 111
RCP45 1245 896 1474 109
RCP60 1218 881 1430 103
RCP85 1250 899 1482 110
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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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2000 1227 1008 1534 95
RCP26 1290 1067 1601 96
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RCP60 1271 1051 1578 95
RCP85 1311 1089 1622 96
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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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Mean | Min Max Std
2000 1.01 0.60 1.31 0.12
RCP26 0.97 0.58 1.24 0.11
RCP45 0.96 0.58 1.23 0.11
RCP60 0.96 0.58 1.22 0.10
RCP85 0.96 0.58 1.23 0.11
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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.
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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.

Priority Area: 5.3

Bioclimatic Zone Zone Area (km?) Area Change Mean Elevation (m asl) | Upward Shift
2000] Rcpss| (km?) | % 2000| RCP85 (m)

Cool temperate and moist J 3 (3) (100) 2957

Warm temperate and mesic K 1815 1063 (752) (41) 2227 2419 192
Warm temperate and xeric L 37 4 (33) (89) 1921 2290 369
Extremely hot and mesic M 3 68 65 2,167 1066 1419 353
Hot and mesic N 412 1083 671 163 1554 1873 319
Extremely hot and moist R 52 52 1168
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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.
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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.

Priority Area: 5.3

Bioclimatic Zone Zone Area (km?) Area Change Mean Elevation (m asl) | Upward Shift

2000] Rcp8s| (km?)] % 2000]  Rcpss (m)
Cool temperate and moist 13 3 - - - 2957 - -
Warm temperate and mesic K1 424 26| (398) (94) 2633 2852 219
Warm temperate and mesic K5 226 10| (216) (96) 2429 2735 306
Warm temperate and mesic K7 219 142 (77) (35) 2190 2690 500
Warm temperate and mesic K10 369 387 18 5 2188 2528 340
Warm temperate and mesic K13 577 498 (79) (14) 1889 2228 339
Warm temperate and xeric L3 37 4 (33) (89) 1921 2290 369
Hot and mesic N2 113 141 28 25 1765 2235 470
Hot and mesic N3 120 373 253 211 1591 1912 321
Hot and mesic N4 6 29 23 383 1729 2030 301
Hot and mesic N5 112 180 68 61 1481 1938 457
Hot and mesic N8 8 99 91 1,138 1410 1689 279
Hot and mesic N9 12 208 196 1,633 1269 1664 395
Hot and mesic N11 41 53 12 29 1147 1483 336
Extremely hot and mesic M3 1 1 0 - 1116 1641 525
Extremely hot and mesic M4 2 67 65 3,250 1042 1416 375
Extremely hot and moist R1 - 52 - - - 1168 -
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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.

Priority Area: 5.3

Bioclimatic Zone Zone |Protected Area (km?) |Area Change Mean Elevation (m asl) Shift
2000] RCP85| km’| % 2000] RCP85 (m)
Cool temperate and moist J 3 - - - 2922 - -
Warm temperate and mesic K 1015 708 (307) (30) 2373 2499 126
Warm temperate and xeric L 24 5 (19) (79) 1919 2241 322
Extremely hot and mesic M - 3 - - - 1376 -
Hot and mesic N 24 348 324 1350 1580 2053 473
Extremely hot and moist R - 2 - - - 1345 -
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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).

CENTER COUNTRY CIMPS5 - ESM RCP 2.6 | RCP 4.5 | RCP 6.0 | RCP 8.5
Commonwealth Scientific and Industrial Research Organization and Bureau of Meteorology Australia ACCESS1-0 X X
Beijing Climate Center, China Meteorological Administration China BCC-CSM1-1 X X X X
National Center for Atmospheric Research United States  [CCSM4 X X X X
National Science Foundation United States  |CESM1-CAMS5-1-FV2 X

Centre National de Recherches Meteorlogiques/Centre Europeen de Recherche et Formation

Avancee en Calcul Scientifique France CNRM-CM5 X X X
NOAA Geophysical Fluid Dynamics Laboratory United States [GFDL-CM3 X X X
NOAA Geophysical Fluid Dynamics Laboratory United States  |GFDL-ESM2G X X X

NASA Goddard Institute for Space Studies United States  [GISS-E2-R X X X X
Met Office Hadley Centre UK HadGEM2-AO X X X X
Met Office Hadley Centre UK HadGEM2-CC X X
Met Office Hadley Centre UK HadGEM2-ES X X X X
Institute for Numerical Mathematics Russia INMCM4 X X
Institut Pierre-Simon Laplace France IPSL-CM5A-LR X X X X
Ocean Research Institute and National Institute for Environmental Studies Japan MIROC-ESM-CHEM X X X X
Japan Agency for Marine-Earth Science and Technology Japan MIROC-ESM X X X X
Atmosphere and Ocean Research Institute (The University of Tokyo), National Institute for

Environmental Studies, and Japan Agency for Marine-Earth Science and Technology Japan MIROC5 X X X X
Max Planck Institut fiir Meteorologic Germany MPI-ESM-LR X X X
Meteorological Research Institute Japan MRI-CGCM3 X X X X
Norwegian Climate Centre Norway NorESM1-M X X X X
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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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