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Potential impacts of climate change on
vegetation dynamics and ecosystem
function In a mountain watershed on the
Qinghai-Tibet Plateau
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water bodies

Mountain Systems: e
Steep and high lands
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Mountains: ecological indicators of climate change effects
Y, of the land area, providing services to >1/2 of the population

Previous efforts generally focused on short-term historical trends
A significant challenge to regional applications of DGVMs
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Mean temperature (°C)

Input data

90 m soil data+ 90 m DEM

Historical climate (1961-2012)

CO2 concentration

Climate reanalysis data, 1km
15 meteorological stations + 25

Climate projection (2005-2080)

RIEMS 2.0 + RCP4.5, 3-km
downscaled to 1 km using the

1960 1980 2000/ 2020 _-2040 2060 2080

hydrological stations + RIEMS 2.0 delta method
—— CRU+NCEP —— RCP8.5 800 1 750
———RCP4.5 —— RCP2.6 Historical
6{ — Historical ----- Future (RCP4.5) 7004 ——RCPS85
—— 10-year moving average 700 - Slope ., = 3.52 ' RCP 4' 5
Hist “* . = =
- BHE € 6501 ——RCP26
44 =600 #=0.83 l S
p <0.01 o
Slope ,,= 0.036 3 § 600+
2- '2 =0.89 p<001 § 500- ‘::. bt g Sy w [T "E 550'
S HHREHIR T S RTH o HR B
'S 400- W ':'l,-,i’ =Hj:: st 12 05
0- § ::. ';' HEL H ’ u ﬁ fi i 8 500
H o | ¢ o |
S| 300 ' Siope,,,=-065 |3 4507 siope,, =1.48
é =029 p<001 4004 £ =099 p<0.01 Slope,, = 2.22
' #=099 p<0.01
I~ 350
300+
0

1960 1980 2000 40 2060 2080

Year

1960 1980 2000 2020 2040 2060 2080

Thisstudy  Global dataset (CRU + GCMs)



Model calibration

Upper limit of low monthly temperature for the boreal climate zone  -15 -17
;?r limit of low monthly temperature for neeﬁl&tﬁeéﬂe Veg etatlzés.n
I ¢t mid (°C) ower limit of low monthly temperature for broadleaf tree type 1 -13.
Upper limit of warm season precipitation for evergreen tree type 70 56
Lower limit of warm season precipitation for deciduous tree type 90 105

pprdwc (a, b, c) Productivity coefficient that represents how much water is available (0.5, 1, 0.9) (0.3, 1, 0.6)
(dimensionless) to the trees

ppdf(1) _EN (°C) Optimum (ppdf(1)) and maximum (ppdf(2)) temperatures for 15 20
ppdf(1) DB (°C) production for parameterization of a Poisson density function curve 22 23

ppdf(1) C3 grass ("C) to simulate temperature effect on growth for evergreen needleleaf 18 12
ppdf(2)_EN {C) (EN) tree type, deciduous broadleaf (DB) tree type, and C3 grass. 30 30

ppdf(2) DB ('C) B Cold barren [ Shrub/grass e

1 nDdf’Z\n . (23 grass (OC) [] Alpine tundra [__] Desert 22
VN SNIBIER(ReT = Potential aboveground monthly production L o o M Cultivated Jang 250
v N FEReEi EE (D len s Potential aboveground monthly production for C3 grass 150 120

max_LAI (m? m?) Maximum leaf area index for EN and DB 8 4
forest_thres (g C m?) Lower limit of total tree carbon for forest 3000 2500
woodl_thres (g C m) Upper limit of tree carbon for shrubs 1150 800

desert_treec_max (g C m?) Upper limit of tree carbon for deserts 27 300

o S g R eV (s ORI Upper limit of grass carbon for deserts 385 150
grassfrac_thres Lower limit of grass fraction for grassland 0.6 0.5

A structured approach: NPP/LAI—biogeography rules




Model evaluation
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Model Results: Changes in potential vegetation distribution

(a) 1960s e N (b) 2000s

(d) Changes between

(e) Changes between (f) Changes between
1960s and 2000s E

2000s and 2070s 1960s and 2070s

[ Cold barren to alpine tundra [l Alpine tundra to shub/grass [l Shrub/grass to forest [l Others

1/5 changed in 1961-2010
2/5 was projected to change by the 2070s



Model Results: Changes in carbon and water budgets
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(d)NPP change N
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Large spatial

variability

Mid-elevations
larger NPP, RH, ET
weak carbon sinks

decrease in future
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weak carbon source
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Maximum LAl (m* m?)

NEP (g Cm?)

A comparison of MC2 and global model outputs
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Uncertainties: data and model structure

(b) Mean annual precipitation

(a) Mean annual temperature

(°C) (mm)
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(c) Bulk density (d) Silt in top layer (0-50cm)
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Bls-20 [7]80-120
[]20-60 M 120 - 180
[Jeo-80

I 12-20 7] 30 - 40
[]20-25 |l 40 - 89
[J25-30

® The 1-km spatial resolution
may not adequately capture
the heterogeneity of
microclimates

® Asingle regional climate
model + one climate change
scenario

® Imitated soil profiles in the
UHRB
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Summary

 Climate change may have driven substantial shifts in
vegetation distribution in the UHRB, and characterizes
future shifts under the RCP4.5 scenario;

dThe UHRB is simulated to have experienced increases in
LAI, NPP, RH, and ET in the past, and those trends are
projected to continue into the future, albeit at lower rates;

dMC2 simulates large spatial variability of the vegetation
dynamics In response to climate change;

1 More studies should continue to improve the input data
and model structure to more robustly quantify the
potential ecosystem dynamics in mountainous area.

(Zhou et al. 2019, under review)
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