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General Principles of Adaptation 

1.  Reduce non-climate stressors 

2.  Manage for ecological function and protection of biological diversity 

3.  Establish buffer zones and connectivity 

4.  Implement “proactive” management strategies 

5.  Increase monitoring and facilitate management under uncertainty 

Requires baseline measurements and understanding of relationship 
between climatology and ecology.  

 Only weakly developed in Albertine Rift context 

From “Adaptation 2009” discussion paper by Glick, Staudt, Stein 



WCS	
  AlberKne	
  RiX	
  Climate	
  Assessment	
  	
  
–	
  conceptual	
  approach	
  
	
  
1.  Climatological	
  baseline	
  studies	
  
2.  Ecological	
  modeling	
  using	
  climate	
  model	
  inputs	
  
3.  Monitoring	
  for	
  climate	
  change	
  
4.  Stakeholder	
  consultaKon	
  and	
  outreach	
  
5.  Implement	
  adaptaKon	
  acKviKes	
  
6.  Repeat	
  process	
  every	
  5-­‐10	
  years	
  
	
  
	
  



Complex	
  topography	
  characterizes	
  the	
  AlberKne	
  RiX	
  
	
  
High	
  variability	
  in	
  climaKc	
  condiKons	
  across	
  space:	
  
-­‐	
  Temperature	
  is	
  largely	
  a	
  funcKon	
  of	
  elevaKon,	
  proximity	
  to	
  great	
  lakes	
  
-­‐	
  Rainfall	
  is	
  much	
  more	
  complex,	
  influenced	
  by	
  landform	
  configuraKons	
  



Topography:	
  primary	
  
climaKc	
  control	
  
	
  
	
  
	
  
	
  
	
  
	
  
Core	
  biodiversity	
  conservaKon	
  
landscapes	
  examined	
  in	
  WCS	
  

Climate	
  Assessment	
  	
  
	
  
	
  	
  



Controls	
  over	
  regional	
  
climate	
  
	
  
SpaKal	
  variability	
  largely	
  
governed	
  by	
  topography	
  and	
  
land	
  surface	
  type	
  
=	
  local	
  forcing	
  
	
  
	
  
Seasonal	
  to	
  annual	
  
variability	
  influenced	
  by	
  
factors	
  far	
  outside	
  	
  region,	
  
especially	
  sea	
  surface	
  
temperature	
  paaerns	
  
=	
  external	
  forcing	
  



ConKnental	
  scale	
  precipitaKon	
  seasonality	
  

January	
  

October	
  (Short	
  Rains)	
  July	
  

April	
  (Long	
  Rains)	
  



PrecipitaAon	
  climatology	
  

Climatological	
  
representaKon	
  of	
  monthly	
  
mean	
  precipitaKon	
  
amount	
  over	
  the	
  AlberKne	
  
RiX	
  project	
  domain	
  based	
  
on	
  1980-­‐1999	
  interpolated	
  
data.	
  	
  



Temperature	
  
climatology	
  
Climatological	
  representaKon	
  
of	
  monthly	
  mean	
  surface	
  
temperature	
  over	
  the	
  
AlberKne	
  RiX	
  project	
  domain	
  
based	
  on	
  1980-­‐1999	
  
interpolated	
  data.	
  	
  
	
  
SpaKal	
  variaKon	
  remains	
  fixed	
  
in	
  place	
  over	
  Kme,	
  reflecKng	
  
control	
  of	
  terrain	
  elevaKon	
  
over	
  temperature.	
  	
  
	
  



Cullen	
  et	
  al,	
  Geophysical	
  Research	
  Leaers	
  2006	
  

East	
  African	
  annual	
  temperature	
  trends	
  
anomalies	
  relaKve	
  to	
  1961-­‐1990	
  mean	
  



Torokahuna Tea Estate 1970-2008
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Lwiro, Congo annual mean temperature 1953-1007
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Nyungwe	
  annual	
  
rainfall	
  climatology	
  

	
  
Wet	
  season	
  begins	
  and	
  
ends	
  abruptly!	
  Not	
  
evident	
  in	
  monthly	
  
mean	
  data	
  
	
  
IndicaKon	
  of	
  two	
  short	
  
dry	
  periods	
  around	
  25	
  
January	
  and	
  1	
  March:	
  
Climate	
  change	
  may	
  
either	
  eliminate	
  these	
  
or	
  intensify	
  them.	
  
	
  

Nyungwe, Rwanda hydrological year precipitation 1996-2007

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

1-Jul 1-Aug 1-Sep 1-Oct 1-Nov 1-Dec 1-Jan 1-Feb 1-Mar 1-Apr 1-May 1-Jun

ra
in

fa
ll 

ra
te

 (m
m

/d
ay

)

daily 9-day monthly



Bwindi-Ruhija monthly mean rainfall rates 
(annual 3.7 mm/day = 1,348 mm total)
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Bwindi-Ruhija precipitation rate 
based on daily data from 1991-2006
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Annual	
  rainfall	
  climatology	
  at	
  Bwindi	
  NP,	
  Uganda	
  



IPCC	
  A2	
  scenario	
  

Nohara et al.,Journal of Hydrometeorology, 2006 

IPCC	
  mulK-­‐model	
  
projecKons	
  for	
  end	
  of	
  
21st	
  century	
  compared	
  to	
  
present	
  



Impact of Climate Change on River Discharge Projected by Multimodel Ensemble 
Nohara et al.,Journal of Hydrometeorology, 2006 

River	
  discharge	
  changes	
  in	
  2100	
  
	
  
derived	
  product	
  combining	
  modeled	
  precipitaKon	
  and	
  evaporaKon	
  



Lund-­‐Potsdam-­‐Jena	
  VegetaKon	
  Model	
  simulaKons	
  

•  Driven	
  by	
  climate	
  and	
  soils	
  inputs,	
  LPJ	
  simulates:	
  
–  Daily:	
  carbon	
  and	
  water	
  fluxes	
  
–  Annually:	
  vegetaKon	
  dynamics	
  and	
  compeKKon	
  amongst	
  
10	
  Plant	
  FuncKonal	
  Types	
  (PFTs)	
  

•  Average	
  grid-­‐cell	
  basis	
  with	
  a	
  1-­‐year	
  Kme-­‐step	
  
•  Spin-­‐up	
  period	
  of	
  1000	
  years	
  to	
  develop	
  equilibrium	
  
vegetaKon	
  and	
  soil	
  structure	
  at	
  start	
  of	
  simulaKon	
  

Source:	
  Dr.	
  Ruth	
  Doherty,	
  University	
  of	
  Edinburgh,	
  Kampala	
  workshop	
  2008	
  



Fluxes 
(daily) 

Vegetation 
Dynamics 
  (annual) 

Drivers 

Source:	
  Dr.	
  Ruth	
  Doherty,	
  University	
  of	
  Edinburgh,	
  Kampala	
  workshop	
  2008	
  



•  Net	
  Primary	
  ProducKon	
  

•  Net	
  Ecosystem	
  ProducKon	
  

•  Plant	
  FuncKonal	
  Type	
  

•  Heterotrophic	
  respiraKon	
  

•  VegetaKon	
  carbon	
  

•  Soil	
  carbon	
  

•  Fire	
  carbon	
  

•  Run-­‐off	
  

•  EvapotranspiraKon	
  

For	
  each	
  grid	
  cell	
  LPJ	
  produces	
  annual	
  values	
  for:	
  

LPJ	
  Outputs	
  



Tropical	
  Broadleaf	
  Evergreen	
  Tree	
  	
  

Source:	
  Dr.	
  Ruth	
  Doherty,	
  University	
  of	
  Edinburgh,	
  Kampala	
  workshop	
  2008	
  



Tropical	
  Broadleaf	
  Evergreen	
  Tree	
  	
  

Source:	
  Dr.	
  Ruth	
  Doherty,	
  University	
  of	
  Edinburgh,	
  Kampala	
  workshop	
  2008	
  



NPP 

  

 
 
 

Source:	
  Dr.	
  Ruth	
  Doherty,	
  University	
  of	
  Edinburgh,	
  Kampala	
  workshop	
  2008	
  



	
  

OUTPUT	
  PARAMETERS	
  
	
  
1.	
  Climatological	
  variables	
  
• 	
  Monthly	
  mean	
  temperature	
  (°C)	
  
• 	
  Monthly	
  mean	
  precipitaKon	
  amount	
  (mm)	
  
• 	
  Monthly	
  mean	
  cloud	
  cover	
  (%	
  sky	
  coverage)	
  
	
  
2.	
  Carbon	
  Fluxes	
  
• 	
  Net	
  Primary	
  ProducKon	
  (NPP)	
  
• 	
  Land-­‐Atmosphere	
  flux	
  
• 	
  Carbon	
  Loss	
  from	
  Fire	
  
• 	
  Heterotrophic	
  respiraKon	
  (Rh)	
  	
  
	
  
3.	
  Carbon	
  Pools	
  
• VegetaKon	
  Carbon	
  
• Soil	
  Carbon	
  
• Liaer	
  Carbon	
  
• Annual	
  Total	
  Carbon	
  
	
  
4.	
  Hydrological	
  Variables	
  
• 	
  Total	
  Runoff	
  (mm)	
  
• 	
  Actual	
  EvapotranspiraKon	
  (mm)	
  	
  
	
  

5.	
  VegetaKon	
  and	
  agriculture	
  
• 	
  Annual	
  Phaseolus	
  Bean	
  Yield	
  (kg	
  ha-­‐2)	
  
• 	
  Annual	
  Brachiaria	
  decumbens	
  Yield	
  (kg	
  ha-­‐2)	
  
• 	
  Annual	
  Maize	
  Yield	
  (kg	
  ha-­‐2)	
  
• 	
  FracKonal	
  Cover	
  of	
  Plant	
  FuncKonal	
  Type	
  (%0	
  	
  

Procedure	
  used	
  to	
  generate	
  
ecologically	
  meaningful	
  products	
  
specific	
  to	
  the	
  AlberKne	
  RiX	
  from	
  
raw,	
  low	
  resoluKon	
  climate	
  model	
  
output	
  
	
  

Picton	
  Phillips	
  and	
  Seimon	
  (2010)	
  



Downscaled	
  GCM	
  output	
  staKsKcs	
  
averaged	
  over	
  the	
  AlberKne	
  RiX	
  
model	
  domain	
  –	
  A2	
  emissions	
  
scenario	
  
	
  

Baseline	
  |	
  Future	
  à	
  

Max	
  &	
  Min	
  =	
  gridpoint	
  extremes	
  across	
  the	
  
project	
  domain	
  
Mean	
  =	
  average	
  of	
  all	
  gridpoints.	
  















M
on

th
ly
	
  te

m
pe

ra
tu
re
	
  

ch
an
ge
s	
  (
A2

)	
  
M
on

th
ly
	
  p
re
ci
pi
ta
Ko

n	
  
ch
an
ge
s	
  (
A2

)	
  

	
  2030 	
   	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  	
  	
  	
  2060	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  2090	
  

Downscaled	
  climate	
  parameters	
  –	
  A2	
  scenario	
  



AlberKne	
  RiX	
  temperature	
  projecKons	
  –	
  21st	
  century	
  
	
  

•  In the A2 simulations, temperature increases occur at an steepening 
rate during the course of the 21st century. 

•  All locations will experienced strong and sustained warming relative to 
current conditions. 

  
•  Lapse rate: temperatures change as a function of elevation in tropical 

atmospheres average 5-6°C per 1000m of elevation  
  
 Region-wide thermal increase of 3.6°C under the A2 scenario would 
translate to displacements in the range of 600-720 meters. 



AlberKne	
  RiX	
  precipitaKon	
  projecKons	
  –	
  21st	
  century	
  
	
  

	
  
•  A2 simulations: precipitation changes are both high in magnitude 

and vary by location across the Albertine Rift 

•  Increase in net annual precipitation. Relative to the 1990, rainfall 
increases by 3%, 7% and 17% in 2030, 2060 and 2090, 
respectively.  

•  Redistribution in fraction of rainfall during twin wet seasons. From 
mid-century onward: large increase in November-December rainfall 
little net change in March April. 







Crop	
  model	
  output	
  can	
  
serve	
  as	
  indicators	
  of	
  
human	
  response	
  in	
  rain-­‐fed	
  
agricultural	
  regions	
  

maize	
  

beans	
  

pasture	
  

Modeled	
  changes	
  in	
  
crop	
  yields	
  



Modeled	
  change	
  in	
  crop	
  yields	
  
by	
  2090	
  under	
  the	
  A2	
  scenario	
  
	
  
	
  
Suggests	
  greatly	
  increased	
  
pressure	
  on	
  highlands	
  for	
  food	
  
producKon	
  by	
  late	
  21st	
  century	
  	
  	
  

beans	
  

maize	
   pasture	
  
grasses	
  



	
  
A	
  WCS	
  project	
  with	
  three	
  principal	
  aims:	
  	
  
	
  
• 	
  to	
  build	
  the	
  human	
  and	
  infrastructural	
  capacity	
  of	
  AlberKne	
  RiX	
  
countries	
  to	
  collect	
  accurate	
  data	
  about	
  climate,	
  vegetaKon,	
  and	
  the	
  
impact	
  of	
  climate	
  change	
  on	
  wildlife;	
  	
  

• 	
  prioriKze	
  wildlife	
  and	
  habitat	
  migraKon	
  corridors	
  based	
  on	
  this	
  data	
  and	
  
on	
  modeling;	
  	
  

• 	
  to	
  provide	
  all	
  of	
  this	
  informaKon	
  in	
  readily	
  usable	
  form	
  to	
  policy-­‐makers	
  
through	
  reports	
  and	
  briefings	
  for	
  NAPA	
  taskforce	
  teams,	
  protected	
  area	
  
authoriKes,	
  and	
  other	
  implemenKng	
  agents.	
  
	
  
	
  

Comprehensive Monitoring for Climate Change 
Adaptation and Management in the  

Albertine Rift Protected Area Network  
	
  



Red	
  circles	
  =	
  corridors	
  that	
  link	
  areas	
  of	
  
natural	
  habitat	
  across	
  an	
  elevaKonal	
  
gradient,	
  potenKally	
  important	
  for	
  future	
  
migraKon	
  with	
  climate	
  change.	
  

Sites	
  for	
  new	
  
research	
  grade	
  

climate	
  
monitoring	
  in	
  

protected	
  areas	
  



New	
  con2nental-­‐subregional	
  agricultural	
  modeling	
  
projec2ons	
  for	
  the	
  year	
  2100:	
  

	
  	
  
Agriculture	
  and	
  food	
  systems	
  in	
  sub-­‐Saharan	
  

Africa	
  in	
  a	
  four-­‐plus	
  degree	
  world	
  
	
  
	
  

P	
  K	
  Thornton,	
  P	
  G	
  Jones,	
  P	
  J	
  Ericksen,	
  A	
  J	
  Challinor	
  
	
  
	
  
	
  

Phil.	
  Trans.	
  R.	
  Soc.	
  A,	
  2011	
  



Ensemble	
  mean	
  of	
  Length	
  of	
  Growing	
  Period	
  change	
  esKmates	
  to	
  the	
  2090s	
  
SubstanKal	
  losses	
  away	
  from	
  equator,	
  some	
  small	
  gains	
  in	
  parts	
  of	
  E	
  Africa	
  

Thornton	
  et	
  al.,	
  
Phil.	
  Trans.	
  R.	
  Soc.	
  

A,	
  2011	
  



Ensemble	
  CV	
  (%)	
  of	
  LGP	
  change	
  esKmates	
  to	
  the	
  2090s	
  
Three	
  zones	
  –	
  background	
  small	
  variaKon	
  (<20),	
  then	
  higher	
  in	
  cropland	
  (dark	
  blue),	
  then	
  
green	
  and	
  brown	
  in	
  arid-­‐semiarid	
  rangelands	
  

Thornton	
  et	
  al.,	
  
Phil.	
  Trans.	
  R.	
  Soc.	
  

A,	
  2011	
  



Probability of failed seasons 
              
             2000s                                                 2090s 

Mean of 14 GCMs and 3 
SRES scenarios 

Thornton	
  et	
  al.,	
  
Phil.	
  Trans.	
  R.	
  Soc.	
  

A,	
  2011	
  



Simulated	
  yields	
  (30	
  reps)	
  in	
  SSA	
  under	
  current	
  condiKons	
  and	
  in	
  the	
  2090s	
  

Thornton,	
  Jones,	
  Ericksen,	
  Challinor	
  (2010)	
  



Simulated	
  yields	
  (30	
  reps)	
  in	
  SSA	
  under	
  current	
  condiKons	
  and	
  in	
  the	
  2090s	
  

Thornton,	
  Jones,	
  Ericksen,	
  Challinor	
  (2010)	
  

Low	
  CVs	
  of	
  yield	
  
changes	
  in	
  E	
  Africa:	
  
quite	
  a	
  robust	
  result	
  



• 	
  Losses	
  in	
  length	
  of	
  growing	
  season	
  translate	
  directly	
  into	
  
crop	
  yield	
  decreases	
  

• 	
  Even	
  in	
  the	
  parts	
  of	
  E	
  Africa	
  that	
  may	
  get	
  weaer,	
  while	
  
growing	
  seasons	
  may	
  expand,	
  this	
  will	
  not	
  necessarily	
  
translate	
  into	
  higher	
  yields:	
  increases	
  in	
  rainfall	
  may	
  be	
  
more	
  than	
  offset	
  by	
  increases	
  in	
  crop	
  evapo-­‐transpiraKon	
  
due	
  to	
  higher	
  temperatures	
  

• 	
  The	
  details	
  of	
  yield	
  changes	
  depend	
  to	
  some	
  extent	
  on	
  
the	
  climate	
  model	
  and	
  emissions	
  scenario	
  used:	
  but	
  
apparently	
  not	
  for	
  East	
  Africa,	
  where	
  this	
  is	
  good	
  
consensus	
  

What	
  do	
  the	
  modelling	
  results	
  mean?	
  



What	
  will	
  a	
  +5°C	
  agriculture	
  look	
  like	
  in	
  SSA?	
  

• 	
  Much	
  less	
  food	
  for	
  people	
  overall	
  
• 	
  In	
  many	
  places,	
  much	
  higher	
  probabiliKes	
  of	
  crop	
  failures	
  
• 	
  Massive	
  increases	
  in	
  intensive	
  cropping	
  in	
  the	
  highlands	
  will	
  be	
  
needed	
  (“sustainable	
  intensificaAon”)	
  
• 	
  Huge	
  expansion	
  of	
  the	
  marginal	
  areas	
  (highly	
  uncertain	
  cropping)	
  
• 	
  Radical	
  livelihood	
  transiKons	
  (croppers	
  to	
  livestock	
  keepers,	
  
abandonment	
  of	
  agriculture,	
  …)	
  



Modelling	
  AlberKne	
  RiX	
  Corridor	
  response	
  to	
  
climate	
  change	
  
Guy	
  Picton	
  Phillipps	
  



Intensified	
  seasonal	
  drought	
  in	
  2009:	
  	
  
an	
  analogue	
  for	
  future	
  dry	
  seasons?	
  	
  

Volcanoes	
  NaKonal	
  Park,	
  Rwanda,	
  July	
  2009.	
  	
  
	
  
hap://www.igcp.org/puvng-­‐out-­‐the-­‐fire/	
  



Human	
  pressure	
  
along	
  park	
  margins	
  
	
  
Already	
  a	
  very	
  intense	
  factor	
  for	
  
many	
  naKonal	
  parks	
  
	
  
Will	
  conKnue	
  to	
  intensify	
  with	
  
increasing	
  populaKons	
  
	
  
Like	
  to	
  become	
  much	
  more	
  
intense	
  around	
  protected	
  areas	
  
as	
  “climate	
  refugees”	
  migrate	
  to	
  
highlands	
  to	
  sustain	
  food	
  
sources	
  and	
  livelihoods	
  	
  
	
  

Photo	
  by	
  Andy	
  Plumptre	
  



AlberKne	
  RiX	
  Corridors	
  

Eleva2on	
   Landcover	
  	
  
2001	
  

Mean	
  Annual	
  Rainfall	
  
2000	
  -­‐	
  2009	
  



Modelling	
  Approach	
  
To	
  establish	
  potenKal	
  responses	
  of	
  habitats	
  to	
  future	
  
changes	
  in	
  climate,	
  construct	
  relaKonships	
  between	
  observable	
  
variables	
  that	
  can	
  be	
  used	
  to	
  predict	
  future	
  scenarios	
  
	
  
Data	
  from	
  a	
  variety	
  of	
  remote	
  sensing	
  instruments	
  offering	
  mulK-­‐	
  
temporal	
  scienKfic	
  data	
  at	
  medium	
  spaKal	
  resoluKon	
  for	
  the	
  enKre	
  RiX	
  
	
  
Evaluate	
  vegetaKon	
  and	
  fire	
  responses	
  to	
  rainfall	
  variability	
  over	
  the	
  
last	
  10	
  years.	
  	
  
	
  
Based	
  on	
  the	
  observed	
  historical	
  relaKonships,	
  we	
  plan	
  to	
  use	
  future	
  
predicKons	
  of	
  climate	
  (staKsKcally	
  downscaled	
  from	
  IPCC	
  Global	
  
Climate	
  Models)	
  to	
  develop	
  a	
  model	
  that	
  will	
  esKmate	
  vegetaKon	
  
condiKon	
  and	
  fire	
  impacts	
  under	
  predicted	
  future	
  climate	
  for	
  2030,	
  
2060	
  &	
  2090	
  
	
  
	
  
	
  



Datasets	
  

•  MODIS	
  mod13q1	
  250m	
  16	
  day	
  	
  
Normalised	
  Difference	
  Vegeta2on	
  Index	
  (NDVI),	
  2001	
  –	
  2009	
  
	
  

•  MODIS	
  mcd45a1	
  500m	
  monthly	
  	
  
Burned	
  Area,	
  2001	
  –	
  2009	
  
	
  

•  Tropical	
  Rainfall	
  Measuring	
  Mission	
  t3b43	
  0.25°	
  monthly	
  
Rainfall	
  Rate,	
  1998	
  –	
  2009	
  
	
  

•  Shuale	
  Radar	
  Topography	
  Mission	
  90m	
  	
  
Eleva2on	
  
	
  

•  MODIS	
  mod12q1	
  500m	
  annual	
   	
  	
  
Landcover	
  (2001	
  –	
  2009)	
  







Mean	
  annual	
  rainfall	
  rates	
  for	
  each	
  landscape	
  
(TRMM	
  t3b43,	
  2000	
  -­‐	
  2009)	
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Fire	
  response	
  

•  Analysis	
  will	
  evaluate	
  relaKonship	
  between	
  rainfall	
  and	
  burning	
  on	
  a	
  
monthly	
  basis.	
  StaKsKcal	
  evaluaKon	
  yet	
  to	
  be	
  conducted,	
  	
  

•  Plan	
  to	
  conduct	
  an	
  evaluaKon	
  of	
  burning	
  according	
  to	
  elevaKon	
  and	
  
landcover	
  types	
  for	
  each	
  landscape	
  

•  Given	
  the	
  majority	
  of	
  fires	
  in	
  the	
  region	
  are	
  anthropogenic	
  in	
  origin,	
  it	
  may	
  
be	
  that	
  this	
  dataset	
  can	
  be	
  analysed	
  further	
  to	
  reveal	
  paaerns	
  of	
  human	
  
acKvity	
  



Greater	
  Virunga	
  landscape	
  monthly	
  burning	
  and	
  
rainfall	
  rate	
  2000	
  -­‐	
  2009	
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Emerging	
  InfecKous	
  Disease	
  origin	
  regions	
  	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
Global	
  distribuKon	
  of	
  relaKve	
  risk	
  of	
  an	
  EID	
  events	
  caused	
  by	
  zoonoKc	
  

pathogens.	
  The	
  relaKve	
  risk	
  is	
  mapped	
  on	
  a	
  linear	
  scale	
  from	
  green	
  (lower	
  
values)	
  to	
  red	
  (higher	
  values)	
  

Source:	
  Dr.	
  Kate	
  Jones,	
  Zoological	
  Society	
  of	
  London	
  



Key	
  summary	
  points	
  
	
  	
  
AlberKne	
  RiX	
  highland	
  protected	
  areas	
  are	
  among	
  best-­‐hope	
  locaKons	
  for	
  
Africa	
  wildlife	
  conservaKon	
  
	
  
Must	
  increase	
  efforts	
  to	
  measure	
  and	
  monitor	
  climate,	
  ecology	
  and	
  species	
  
	
  
Direct	
  climate	
  change	
  induced	
  impacts	
  will	
  be	
  significant,	
  with	
  major	
  
horizontal	
  and	
  verKcal	
  range	
  reconfiguraKons	
  of	
  habitats,	
  species	
  
distribuKons,	
  agriculture,	
  human	
  livelihoods,	
  etc.	
  
	
  
Human	
  response	
  likely	
  to	
  create	
  pressure	
  for	
  highland	
  forest	
  conversion	
  to	
  
culKvaKon	
  far	
  greater	
  than	
  present	
  	
  
	
  
Disease	
  threat	
  is	
  largely	
  unknown,	
  research	
  criKcally	
  needed	
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