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Question

« Polar Amplification

e.g. Moritz et al., 2002; Polyakov et al., 2002; Masson-Delmotte et al., 2006; Holland and Bitz, 2013; IPCC, 2013
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Question

 Mechanisms for Polar Amplification

Snow/ice albedo feedback Planck function feedback

Srefan-Bolzmann Law

Warmer
temperatures

-

Less snow
and ice

More sunlight
absorbed by
_ land and sea

e.g. Pepin and Lundquist, 2008; Rangwala and Miller, 2012; Ohmura et al., 2012;
Rangwala et al., 2013; Wang et al., 2013; Field et al., 2014

Does temperature increase faster at higher elevations?
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Question

, gy T

snow ice albedo feedback | equation

surface
warming

e.g. Douglass et al., 2004; Santer et al., 2005; Pepin and Lundquist, 2008; Rangwala and Miller, 2012;
Ohmura et al., 2012; Rangwala et al., 2013; Stocker et al., 2013; Wang et al., 2013; Field et al., 2014

Mountain Amplification should be as robust as Polar Amplification!
Zeng et al., 2015 GRL
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Question

* Global climate models (GCMs) predict a rather uniform faster warming
trend at higher elevations as a consequence of increasing greenhouse

gases (GHGs) .

e.g., Giorgi et al., 1997; Fyfe and Flato 1999; Santer et al., 2005; Kotlarski et al., 2012; Rangwala et
al., 2013; Stocker et al., 2013; Mountain Research Initiative, 2015

Elevation Dependency of the Surface Climate Change Signal: A Model Study
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Climate change in mountains: a review
of elevation-dependent warming and its possible causes
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Question

« AGU SECTION:

"Accelerated Warming at High Elevations: Evidence, Processes, and
Future Projections” (2013-12-9, San Francisco, AGU Fall Meeting,
Al1A).

MNew Search | Return to Search Results

A11A. Accelerated Warming at High Elevations: Evidence, Processes, and
Future Projections Posters

Date: Monday 9 December
Time: 8:00 AM -12:20 PM
Location: Moscone South, Hall A-C

Section/Focus Group:

Atmospheric Sciences (A)

Co-Sponsor(s):
Biogeosciences (B)
Cryosphere (C)
Global Environmental Change (GC)

Hydralogy (H)

Index Terms:
[0736] CRYOSPHERE / Snow
[1610] GLOBAL CHANGE / Atmosphere
[1630] GLOBAL CHANGE [ Impacts of global change
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Recent warming amplification over high elevation regions
across the globe

Qixiang Wang - Xiachui Fan - Menghen Wang
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Temperature trends at high elevations: Patterns across the globe

M. C. Pepin' and 1. D. Lundquist®

Feceived 17 March 200K; revised 7 May 3008; accepied 38 May 2008; pblished 16 July 2008

[1] Mast climate models suggest amplification of global
warming in high mountains, but ohservations are less clear.
Using comprehensive, homogencity-adjusted temperature
mrcords from over 1000 high elevation stations across the
globe, we examine the causes of changing temperature
trends with clevation, assessing the roles of frec

phenic change, topography (exposure and aspect),
and eryosphenc feadback. The data show that ohserved 20th
century temperature trends are most rapid near the annual
0°C isotherm due to snow-ice feedback. Mountain summit

and freely dmining slope sites are dommnated by free-ar
advection and thus have consistent trend magnitudes, with
meduced inter-site variance in companson with incised
valley sites where local factors are more important. Thus,
while there has been no simplistic elevational increase in
warming rates, some generalizations can be made. Water
msources and ccosystems near the 0°C isotherm in the
extratropics are at increased nsk from aceelerated warming.
The data also suggest that exposed mountan summits, away
from the effects of urbanization and topogmphic sheltering,
may provide a relatively unbiased record of the planet’s
climate. Citatlon: Pepin, N. C., and 1. D, Lundquist {2008),
Temperature trends at high elevations: Patems across the globe,
Gewphys. Res. Lew., 35, 114701, doi:10. 1029 2008GLO34026.

matterns, local topography, and smow-ice feedbacks can
explain where on the Earth's surface we see the stmngest
temperature trends.

[+] Prior work has been inconchisive about whether high
elevations amund the globe have been waming faster or
slower than nearby lower devations or global averages
[Beniston et al, 1997; Sadd and Free, 2003]. [MNaz and
Bradley [1997] analyzed surfice emperature records at
1l6 sites and found that many (although not all) high
clevation sites showed enhanced 20th century warming.
This has been substantiated by many regional examples
including work in Tibet [Liv and Chen, 2000] and m the
Swiss Alps [Beniston and Rebetez, 1996]. However, other
studies show a decreased warming mte at high elevations
[Pepin and Losiehen, 2002; Vuille and Bradiey, 2000 ar the
lack of any clear relationship between trend magnitude and
elevation | Fuille et al, 2003; Pepin and Seidel, 2005; Liv et
al, 2006; You ef al., 2008].

[5] O the other hand, neardy all global climate models
Teport increased sensitivity to warming at high elevations
[thiorgi et al, 1997; Chen ef al, 2003] becaunse melting
snow and ice result in lower surface albedo, which in turn
enhances further warming. This feedback should not con-
sistently increase with clevation but should be strongest
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Question

However, meteorological records do not
show a uniform acceleration of warming
with elevation [e.g. Beniston et al., 1997,
Pepin and Lundquist, 2008; Rangwala
and Miller, 2012].

Positive [e.g. Beniston and Rebetez,
1996; Liu et al., 2009; Wang et al., 2013],
non-significant [e.g. Pepin and
Lundquist, 2008; You et al., 2010] or
negative [e.g. Vuille and Bradley, 2000;
Lu et al., 2010] correlations between air
temperature trends and elevation have
been diagnosed from station data.

WHY?
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Importance

Importance on whether Warming Accelerated at High Elevations

« Mountains are among the regions most sensitive to climate change.
Mountains provide freshwater to half of the world’s population and
are home to half of all global biodiversity hotspots.

» Elevation-dependent warming, if it exists, has important
implications for the mass balance of the high-altitude cryosphere
and associated runoff; for ecosystems and farming communities in
high-mountain environments; and also for species that reside in
restricted altitudinal zones within a mountain range.

* In addition, the potential inconsistency between model projection
and in-situ observations raises the question about the ability of
current climate models to accurately describe regional climate
change patterns.

e.g. Inouye et al., 2000; Becker and Bugmann, 2001; Kohler and Maselli, 2009; IPCC, 2013; Mountain
Research Initiative, 2015; Zeng et al., 2015
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Objective

 Here, we use a large dataset of meteorological station data to

document the relationship between air temperature trend and
elevation in the Northern Hemisphere during the last 30 years.

« The goals of the study are to detect regions with positive or

negative correlations between warming and elevation, and
to discuss plausible mechanisms that can explain the sign
of these regional correlations.
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Datasets

The dataset of meteorological station observations has been
retrieved from 1) the Global Surface Summary of the Day collection
archived at the National Climatic Data Center (GSOD;
ftp://ftp.ncdc.noaa.gov/pub/data/gsod).

N=26247
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Datasets

2) The Global Historical Climate Network Monthly Version 3 (GHCN;
[Lawrimore et al., 2011]).
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Datasets

3) The Monthly Surface Climate Variables of China catalog derived
from the National Meteorological Information Center of the China
Meteorological Administration (CMA; http://cdc.cma.gov.cn).
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Datasets

In total, from the dataset above, we selected 2660 meteorological

[ J
stations across the NH, with continuous records of monthly
mean temperature, maximum temperature (a proxy of daytime
temperature) and minimum temperature (a proxy of night-time
temperature) between 1982 and 2010.
distance between the station and the 50" adjacent station i km
90°N >2.5 g >2000
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elevation range among the station and its 50 adjacent stations
Zeng et al., 2015 GRL
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Results
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a regional-pair-based robust multiple linear regression

Y ="lp+ kElev+kLat+k:Lon - -

Results
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Discussions

« The prevailing negative elevation-warming relationship over central
Europe and eastern North America led us to ask which factors modify
the GHG induced positive warming-elevation relationship over these
regions. To address this question, we postulate three possible
mechanisms:

« M1 wetness: postulates that wetter surface conditions (soil moisture
and air humidity) reduce the warming rate in mountains (Fig. 4B).

« M2 vegetation: involves a negative feedback on from vegetation-
climate interaction, so that increased plant transpiration has cooled
mountain regions (Fig. 4C).

M3 brightening and dimming: supposes that lowland central Europe
and eastern North America are receiving more short-wave surface
forcing due to decreasing aerosols and clouds and have thus warmed
faster than mountains (Fig. 4D).
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M1: Wetter land surface reduces the warming rate in mountains
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M2: Increased transpiration over mountain reqgions
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M3: Changes in aerosols and clouds modify the relationship

# ) g
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Zeng et al., 2015 GRL
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Global Surface temperature anomaly (°C)

M3: Changes in aerosols and clouds modify the relationship

Base period 1951-1980

1 [ |

Time series plot of annual anomalies smoothed
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Dimming & Brightening
Solar radiation at surface
Atmospheric aerosol loading

Contribution of anthropogenic sulfate aerosols to the

0 changing Euro-Mediterranean climate since 1980
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M3: Changes in aerosols and clouds modify the relationship
Condition 1: brightening effect

a Brightening Dimming
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the NASA/GEWEX Surface Radiation Budget (SRB) Release-3.0 dataset
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M3: Changes in aerosols and clouds modify the relationship

 Air quality improvement in Europe

Aerosol and cloud effects on solar brightening and the recent rapid

warming

Christian Ruck:t;luhl,l Rolf Philipmm,2 Kl
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Decline of fog, mist and haze in Europe over the

past 30 years

Robert Vautard™, Pascal Yiou' and Geert Jan van Oldenborgh?

Twenty-five vears of continuous sulphur dioxide emission reduction puopez, especially in wrban areas,

»een given so far. In general, the typ

m E“ I‘D[]E hether they are due to global or regic
‘has not yet been determined.
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Abstract. Dunng the last twentv-five vears European emis-
sion data have been compiled and reported under the Cooper-
atrve Programme for Momitonng and Evalnation of the Long-
range Transmission of Air Pollutants in Europe (EMEF) as
part of the work under the UNECE Convention on Long-
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M3: Changes in aerosols and clouds modify the relationship

« Air quality improvement in United States

the 1970 Clean Air Act Amendments in the Unlted States [Dominici
2007]

et al.,
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Trends of the number of days with meteorological visibility <5 km (1982-2010;
days decade™) in the United States
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M3: Changes in aerosols and clouds maodify the relationship

 Air quality deterioration in C

Reform and Opening Policy since 1978. o
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M3: Changes in aerosols and clouds modify the relationship

Condition 2: more brightening in lowland
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Ruckstuhl et al., 2008; Philipona, 2013

De *Q
LMD

Ay o1
60°N d_ays decade” km
50°NF
40°N
1
30°N L . /
10°W 0 10°E 20°E 30°E
-1
60°N W decade™ . km
& * .
L) . e L]
*a® 8,
.y l.
50°N+ %

40°N|

Logarithm of the decline in AOD @

30°E
2
-3 :.mgs *Payerne R =-0.96
Llnc‘:‘enlzerg p<0.01
4r -Hahgp Peissenberg
5/ «Davos
5l ™~ ~Jungfraujoch |
7k
gl . . ! . . . L
0 500 1000 1500 2000 2500 3000 3500 4000

Elevation (m)

4th Spring School PKU-LSCE on Earth System Science
September 23, 2015

- Gradients of the trend

48 Of number of days with
. Visibility <5km

s Gradients of the
incoming surface

radiation trend
<-9

Logarithm of the decline
in aerosol optical depth

RSOFIES ¢

SINC-FRENCH INSTITUTE FOR EARTH SYSTEM SCIENCE

FEKING UNIVERSITY CEA VERSAILLES ST GUENTIN UNIVERSITY



M3: Changes in aerosols and clouds modify the relationship
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Gradient of cloud fraction trend

» In Eastern North America, the brightening is attributed to the decreasing trend in
cloudiness [Augustine and Dutton, 2013; Wang and Dickinson, 2013].

» The decreasing trend in cloudiness is partly due to the improved air quality after the 1970
Clean Air Act Amendments in the United States through the indirect effect of aerosols
(i.e., acting as cloud condensation and ice nuclei).

« We do find a positive elevational gradient of the cloud fraction trend.

Zeng et al., 2015 GRL
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M3: Changes in aerosols and clouds maodify the relationship
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Conclusions

 Take home message

Altitudinal differences in brightening, with observations showing
more short-wave radiation received at low altitudes than at
mountain stations, have modulated the otherwise uniform effect of
the long-wave forcing of GHG on the elevation-dependent warming.

Zeng et al., 2015 GRL
Regional air pollution brightening reverses the greenhouse gases induced Warming-elevation relationship
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