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Tibetan CultureTibetan Culture
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Tibetan People

Khawa KarpoKhawa Karpo
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Climate Change near Khawa Karpo: Climate Change near Khawa Karpo: 
five lines of evidencefive lines of evidence

1.1. Qualitatively, itQualitatively, it’’s hot, monsoons are s hot, monsoons are 
changing, & the glaciers are melting.changing, & the glaciers are melting.

2.2. Repeat photographsRepeat photographs
3.3. Gradient analysesGradient analyses
4.4. GLORIA plotsGLORIA plots
5.5. Tibetan perspectivesTibetan perspectives

1.1. Qualitatively, itQualitatively, it’’s hot, the monsoons s hot, the monsoons 
changing, and the glaciers are melting.changing, and the glaciers are melting.

Sacred glacierSacred glacier
of Khawa Karpoof Khawa Karpo

Projected Patterns of Temperature Changes↓↓

↓↓

IPCC Fourth Assessment Report

↓↓

↓↓

and stippled!and stippled!

5-6oC temperature increase &
20-30% precipitation increase
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2.  Repeat Photographs2.  Repeat Photographs
Joseph Rock 1923               Robert Moseley 2003Joseph Rock 1923               Robert Moseley 2003
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1. scree
2. alpine meadow
3. rhododendron
4. conifer
5. mixed
6. oak
7. scrub

Elevational gradientElevational gradient
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Local Tibetan DoctorsLocal Tibetan Doctors
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CCACCA
OrdinationsOrdinations

ofof
VegetationVegetation

overover
ElevationalElevational
GradientsGradients

(2000m(2000m--4500m)4500m)

•• primary variableprimary variable
•• elevationelevation

•• secondary var.secondary var.
•• aspectaspect
•• slopeslope

•• axes correlationsaxes correlations
•• 11stst 0.990.99--0.830.83
•• 22ndnd 0.930.93--0.830.83
•• 22ndnd S aspect nsS aspect ns

South aspect: herbs/shrubs South aspect: trees

North aspect: herbs/shrubs North aspect: trees
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Herb-Shrub Diversity Useful Herb-Shrub Diversity Tree Diversity
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Herb-Shrub Richness Useful Herb-Shrub Richness Tree Richness
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Herb-Shrub Richness Useful Herb-Shrub Richness Tree Richness

Figure .  Richness and Diversity (H’) of Herb-Shrubs and Trees. Top: Southern aspect diversity (left) and richness (right). Bottom: Northern aspect 
diversity (left) and richness (right). Elevation and vegetation type at each site are given on the horizontal axes. Note that herb-shrub statistics are per 
3m2 while tree statistics are per 100m2. Whiskers denote standard error (SE). 

Southern AspectSouthern Aspect

Northern AspectNorthern Aspect

Diversity Richness

Useful plantsUseful plants, plant diversity and richness are all greatest in Alpine
ANOVAs p=0.0001 (Salick et al. 2004)
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Useful Plant BiodiversityUseful Plant Biodiversity

Useful plants are directly related to biodiversity and vary with elevation
Useful plant diversityUseful plant diversity greatest in Alpine

collect medicinal plants in mountainscollect medicinal plants in mountains

Tibetan DoctorsTibetan Doctors
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4.4. GLORIA SamplingGLORIA Sampling

↓↓

Primary variables in analyzing Tibetan climate change: Primary variables in analyzing Tibetan climate change: 
Elevation, Precipitation, Elevation, Precipitation, Tibetan uses of alpine plantsTibetan uses of alpine plants
and human dimensions of global climate changeand human dimensions of global climate change

Tibetan Autonomous PrefectureTibetan Autonomous Prefecture
NW Yunnan, ChinaNW Yunnan, China

Da Xueshan (furthest Da Xueshan (furthest 
east = least rain)east = least rain)
Rizila (intermediate) Rizila (intermediate) 
Baima (intermediate)
Ma Ji Wa (south-
intermediate)
Goligongshan (furthest 
southwest = most rain)

monsoonmonsoon

AA
BB AA

BB

CC
CC
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Alpine Vegetation Alpine Vegetation 
in Eastern Himalayasin Eastern Himalayas

Vegetation clusters Vegetation clusters 
BiogeographicallyBiogeographically

““Sky IslandsSky Islands””

NMS Cover
r2=60%

NMS Frequency
r2=67%

AA
BB

CC

AA

BB

CC

= tree/shrub 4400m (except C)
+ = alpine 4500m "
x = rocky 4600m "

= scree 4800+m               "
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Vegetation clusters Vegetation clusters 
biogeographicallybiogeographically

NMS Cover
r2=60%

NMS Frequency
r2=67%

AA
BB

CC

AA

BB

CC

although there is similarity in high 
elevation vegetation, demonstrating 
“Arctic-Alpine” affinities.

Vegetation clusters Vegetation clusters 
environmentallyenvironmentally

CCA Frequency: r2=91% & 87% p=0.001

= tree/shrub 4400m (except C)
+ = alpine 4500m "
x = rocky 4600m "

= scree 4800+m               "

CCA Cover: r2=96% & 89% p=0.001

Precipitation and Elevation
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Vegetation clusters Vegetation clusters 
environmentallyenvironmentally

Lower alpineLower alpine
NivalNival

NivalNival

Lower alpineLower alpine

again, with greatest similarity in 
high elevation vegetation –
“Arctic-Alpine” affinities.

CCA Frequency: r2=91% & 87% p=0.001

CCA Cover: r2=96% & 89% p=0.001

Precipitation and Elevation

Tibetan Tibetan 
Medicinal Medicinal 

Plants Plants 
(62% of species)(62% of species)
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Vegetation trendsVegetation trends
Biogeography defines vegetation, Biogeography defines vegetation, 
as does precipitation & elevation.as does precipitation & elevation.
Highest elevations have similar Highest elevations have similar 
vegetation types (vegetation types (““ArcticArctic--AlpineAlpine””).).
Alpine vegetation has the most Alpine vegetation has the most 
diversity and most useful plants diversity and most useful plants 
(Tibetan medicines) and is(Tibetan medicines) and is mostmost
threatened by climate change!threatened by climate change!

Climate Change near Khawa Karpo: Climate Change near Khawa Karpo: 
five lines of evidencefive lines of evidence

1.1. Qualitatively, itQualitatively, it’’s hot, monsoons are s hot, monsoons are 
changing, & the glaciers are meltingchanging, & the glaciers are melting

IPCC substantiatesIPCC substantiates

2.2. Repeat photographsRepeat photographs
Glacial retreat, shrub & Glacial retreat, shrub & treelinetreeline advanceadvance

3.3. Gradient analysesGradient analyses
Alpine is most diverse and useful (Tibetan medicines)Alpine is most diverse and useful (Tibetan medicines)

4.4. GLORIA plotsGLORIA plots
Alpine isAlpine is threatened by climate change!threatened by climate change!

5.5. Tibetan perspectivesTibetan perspectives
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Collaborating InstitutionsCollaborating Institutions
Missouri Botanical GardenMissouri Botanical Garden
ShangriShangri--la Alpine Botanical Gardenla Alpine Botanical Garden
GLORIA, ViennaGLORIA, Vienna

Funding AgenciesFunding Agencies
National Geographic SocietyNational Geographic Society
The Nature ConservancyThe Nature Conservancy
Danish Research CouncilDanish Research Council


