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Recently glaciers in the High Asia are mostly
retreating, but some are still advancing/stable.

(Zhang et al., 1981; Ren et al.,, 1988; Yao et al.,, 1991; Yao et al., 2004,
Scherler et al., 2011)



Important factors to determine glacier retreat

Precipitation

Black carbon ‘

Dust

Organic carbon

Snow algae

} Mass balance

> Heat balance

<

Heat balance

> (Reducing
snow albedo)




2011 AAAS Annual Meeting
rlign 80 oollution Trom Atmosonsric Brown Cloud

can oz ventad oy rlimalayan vallsy
(2.2, Khurnou) uo to Hirnalayan glacisrs

o

High

Meteorological parameters, Optical Particle Counter I
(OPC; 0.25-32 um), Scanning Mobility Particle Sizer concentrations

(SMPS; 10-670 nm), and equivalent Black Carbon Of eq BC
concentration (MAAP) data in 2006 at NCO-P site were

observed (Bonasoni et al., 2008; 2010) and used in

this study. (Called NCO-P data)
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Very limited BC observations: in snew: aresavailaplento
assess the snow albedo reductions oVer the il ayas:

BC Concentrations in snow Ming et al., ACP, 2008

Xu et al., Ann. Glaciol., 2006; Xu et al., PNAS, 2009b
Ming et al., Atmos. Res., 2008

Another method is necessary to estimate BC
deposition onto snow over the Himalayas:

We tried to estimate it from

atmospheric observations at NCO-P site.



BC deposition estimate
with dry deposition velocity (DDV)

Nho-Kim et al., 2004

* As a preliminary study,
slower deposition
velocity of 104 m s
(10-2cm s1) was
used to estimate
lower bound of BC
deposition during pre-
monsoon (MAM) in

BC mass deposition every 1 hour (ug m-2) 2006 (Yasunari et al_,

= 2 (eqBC mass concentration

x DDV x 3600 sec.) ACP, 2010)

Total dry deposition of BC during March-May:
Sum of 1 hourly deposition data for 3 months




Estimated “lower bound” of BC deposition
over Himalayan glaciers near NCO—-P site

BC deposition of 266 ug/m? by dry
fallout during March-May in 2006
(2.89 ug m=2 day1)

Yasunari et al.

(ACP, 2010)

Now, imagine that BC continuously accumulates onto the snow surface
over glaciers during pre-monsoon season with less precipitation days.
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Errors exist in the estimates of BGI dEPOSItIoNS

- Flow rmucr estimeatiorn errors do exst frorr
Varlous estirrs ; o BC dry deposition?
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Comparisons of the estimates on BG dry, deposition

1. | Fieed dry deoosition vslocity (DDVY) of 107 ) 571 with
NCO=P data was usad (Yasunari et al, ACP, ’/JJJ)
2. ' DDV code in GOCART/GEOS—24 with NCO—=P dzta was
usad, loe surface was assurnad.
5. DDV tnsory of MOCAGE
NOCO=P data was ussad, lo
4, l=nourly outouts from GOCART/GEOS—4 sirnulation
was Ussd, Mixed vegstation surfaces witnout lcs was
Uused,
1=daily outoits from SPRINTARS was ussd for
cormoarison. (An additional refarancs)
: rorcad oy NCO=P dztz |:| GOM outoLrts
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—: GOCART grid point; — SPRINTARS grid point

— Sky blue line: Snow water equivalent (SWE) of more than 45 kg m
calculated from AMSR-E data indicating glaciers (Kelly et al., 2004).

Yala glacier
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The Merged IBCAO/ETOPOS Global Topographic Data (Holland, 2000).



The BC dry depositions from GCMs are larger
than those estimated from the observations

Surface roughness and wind speed are associated with the dry deposition
velocity (DDV) and possible reasons to explain the differences.

140
1: NCO-P with min. depo. vel.

o0 | 2: NCO-P with GOCART code (Ice surface) |
- — 3: NCO-P with MOCAGE including term. vel.
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No ice surface assumption over glacial area
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Surface roughness change
largely impacts on DDV intensity

2. NCO-P data + GOCART code (Ice surface)

shrub/grass 15%)

—4. GOCART/GEOS-4 simulation (tundra 15%, conifer 20%, desert 50%, &

—2-1. NCO-P data + GOCART code (Conifer surface)
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Wind speed (m/s)

Strong surface wind (mostly nighttime) in GESO-4
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model also causes larger BC depositions.

Observed at NCO—P
— Calculated in GEOS—4
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Real world Model

BC depasition BC Ition

Surface wind difference

oo

Ice or snow surface Assumed vegetation surface
Low surface roughness High surface roughness

Over glaciers




GCMs overestimated BC dry depositions over
Himalayan glaciers probably due to
vegetated surface and strong wind speed.

Total BC
March — May 2006 dry deposition (ug m—z)
Fixed DDV + NCO-P data Case 1 2060
GOCART DDV + NCO-P data Case 2 1333
MOCAGE DDV + NCO-P data Case 3 916
GOCART/GEOS-4 outputs Case 4 3852
SPRINTARS outputs Case 9 4711
Ice surface assumption Case 2 1333

Conifer surface assumption Case 2-—1 4651




The estimation errors on BC dry deposition
themselves Induce the errors on snow albedo
reductions of more than 5.6%.

Hydrophobic BC Hydrophilic BC

Snow New snow Old snow New snow Old snow

density 110 kg m 500 kg m 110 kg m 500 kg m
VIS NIR VIS NIR VIS NIR VIS NIR
P TS The GCM estimates are probably out of realistic range | B ) 0015
Case 1 : ) : 0.924 0513
Case 2 because of non ice surface assumption and strong wind 0.903 —| 0508

d at the | tl : ‘ '
Case 3 Lobopgen oo V2 0911 | 0510

Case 4 | Snow albedo reductions in VIS of 4.3—5.1% are considered || 0-698— | 0497
Case O | to be the true range during pre-monsoon 2006 in the |——8844—— 0493

MIN condition of aged snow and BC. 0.844 0.493
MAX o RS = e e SR 0.924 0513
DIFF (%) | Less precipitation and highly polluted air during pre-monsoon periods - 20

suggest aged BC (hydrophilic) and old snow over the glaciers.

Note: we assumed five 2-cm snow layers, BC deposition onto the top 2-cm, and
BC concentrations of 18 ug kg’ for 2-5 layers using the snow albedo model
(Yasunari et al., JGR, 2011). Visible (305-705 nm) and near IR (715-2805 nm)
ranges were spectrally integrated. Solar zenith angle corresponds to 50
degrees.



New NASA GEOS-5 land surface model (LSM) will be
used to assess [BC, dust, and organic carbonfon snow
albedo reduction over the Himalayas in near future.

Original GEOS-5 LSM New GEOS-5 LSM

Run 0; Old snow albedo model without impurity Run 3; New snow albedo model with reduced impurity
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No impurity effect Considering BC and dust

A case study for model validation in Sapporo, Japan,
(200372004 winter) (Yasunari et al., JGR, 2011)



Today's take home message
‘ During pre-monsoon 2006

NASA GEOS-5 |« The estimation errors on BC

includes these. dry deposition at NCO-P grid
point induce snow albedo
errors of more than 5.6%.

|

* The true range of snow
albedo reduction due to aged
snow and BC Is 4.3-5.1%.

NASA GEOS-5
includes these. * We need to reduce
»» uncertainties in each
component discussing the
causes of whole glacier
retreat.

Snow algae




Thanks
for your attention!
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