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'Efwglaciers on the Tibetan Plateau to climate change

Mass balance modelling of Zhadang Glacier, Tibetan Plateau

Eva Huintjes1, Wei Yang2, Shichang Kang2 & Christoph Schneider?
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1 IntrOd UCt|On * A distributed temperature-index surface mass balance (TI-SMB)
» A simple surface mass balance (SMB) model including potential incoming shortwave radiation is set up and calibrated for Zhadang Glacier model after Hock (1999) with an additional radiation module
in order to assess spatially distributed mass balance values over decadal time scales both into the past and the future. after Kumar et al. (1997) has been calibrated for annual mean
» Two different surface energy balance (SEB) approaches are set up to be able to reveal the interactions between energy balance compo- SMB of Zhadang Glacier (Fig. 2).
nents and their influence on glacier mass balance. « SMB is calculated using the following equation:
» The driving forces for glacier melt as well as the reaction of the glacier itself are very complex as the glacier is supposed to be polythermal s meltate (mm we. per time unit)

DDF: degree-day factor for snow and ice
surfaces (mm w.e. K'd™)

and the region is both influenced by Indian monsoon in summer and westerlies in winter.

~

« The SMB/SEB models are calibrated using data from glaciological field studies (poster Huintjes et al. “Glaciological field studies”) and will ~ lDDanow/iceTJf(anb(g)) T>T, I E”hg'dttr:w%mt;(;btmwhﬁ( K
be tested over timescales of several years by applying WRF model output (poster Maussion et al. “Regional atmospheric reanalysis”). M=-"n r e e ettt
* From the output of the ultrasonic anemometer (Gill Windmaster) at AWS 1 the sensible heat flux is directly calculated and compared to a L 0 I'sTy  ovegserasamm
standard SEB approach. L Secterarea (Wi
b: radiation factor (-)
2 Temperatu re-lndex Su rface mass balance m()del (Tl-SM B) « Daily mean air temperature and shortwave incoming radiation
measured at AWS 1 (Fig. 5) are taken as input data for calibra-
Zhadang Glacier Zhadang Glacier Zhadang Glacier tion.
R ZoerRer 200712008 » The calibrated model is run for the area of Zhadang and Tangse

River No.2 Glacier (Fig. 1).

* Influence of radiation introduces a spatial pattern due to slope
exposition and shading.
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Fig 1: Modelled surface mass balance of Zhadang and Tangse River No.2 Glacier for the balance years 2005-2008
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3 Surface energy balance models (SEB)
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Fig 3: Measured and modelled mass balance at AWS 1; left: simplified SEB model 13.5.-11.7.2009; right: sophisticated SEB model L2 L 22 L A S e el B or Yl T e TRy !
27.4.-11.7.2009 (measured values from ultra-sonic depth sensor (SR 50)) Fig 5: AWS 1 with Gill Windmaster and SR50 (right) in May 2010 on Zhadang Glacier
1.0 100 0
T T ] » Two SEB approaches have been set up during Phase | and Il using hourly data from AWS 1 (Fig. 5)
L A A | | snow \ =] . . . . . . . _
5 a1 \ gggumulaﬁon:\ | 80 5 Both models were run for a two months period in summer 2009 (Fig. 3) using the following equations:
h \ l\ g = ‘P melt energy (W/rrf) o )
, \ J \ . _,é ’ g er\boer(tjv(\;ez\_/;a incoming radiation (W/m*)
i \ \r E a 0 L,: incoming longwave radiation (W/m?)
= 0.6 \ v g E , L,..  outgoing longwave radiation (W/m?)
% S E T 5 | U AY 0,  sensible heat flux (W/m?)
= - - - - 0,: latent heat flux (W/m?)
U% Lg ' LIJ B Q(l a )+ Lin T Lout 1 QH 1 QL t G MB - L t L t })Solid 1 f G: subsurface heat flux (W/m?)
0.4 1 _5 -10 - , m S MB:  surface mass balance (w.e.)
i E , qut,,: latent hea;c]for mzltin? (J/k§|)' o
ERStE | odellne S5, pase oxchangeduo (o sublmaton (ko
‘ fi refreezing of meltwater (w.e.)
0.2 A ”H H ” . — — —  measured - - . . .
_ ” a ” IIIIIIIIIIIIIIIIIIIIII 1, I N I I I . * The simplified SEB model based on the gradient method neglects ground heat flux (G), sublimation
427 511 5.25 6-8 622 7.6 4-27 5-11 5-25 6-8 6-22 7-6 (S), accumulation (P,,;,) and refreezing (f) (marked with red circles in the equations above)
Dt Date » The sophisticated SEB model based on the bulk approach considers these parameters (Fig. 4)

Fig 4: Measured and modelled values for the sophisticated SEB model 27.4.-11.6.2009 at Zhadang Glacier; left: daily albedo

optimised to measurements; right: daily surface temperatures » Both models show good results compared to measurements (Fig. 3,4) and will be further improved

Flg 6 é all é unstable 15 6
4 TU rbU Ient ﬂ UXGS Footprint climatology displayed i &
on the landuse matrix (snow) & - -
» For the period 24.-30.6.2009 data from the ultrasonic anemometer (USA) at AWS 1  for stable, unstable, neutral =
(Fig. 5) was used to directly calculate the sensible heat flux (Q,,). and all stratification conditions, - - NS =
_ _ 24.6.-30.6.2009 (length of ma- ! E .. )
. Dgta IS processed in the sofj[warg package TK2 developed by the Department of trix is given in m; effect levels | . = 2
Micrometeorology at the University of Bayreuth (Mauder & Foken 2004). specify the rel. flux contribu- = z 5 5
» Results are compared with respective calculations of the bulk approach (Fig. 7) tion for the measurement site, . . | : | | | =X g
i i . . . . the number indicates rel. con- “Tins  _usos 0 11875 2375 L2375 11875 0 11875 2375 ﬁ 0 £
- Mean Q, calculated with TK2 (ECS in Fig. 7) is approx. twice of that calculated with  tripution from outside the area) N ; _— 2 S
the bulk approach. Diurnal cycle with positive Q, in the early morning and negative e “ TN R e k.
Q4 in the afternoon, depending on air temperature, is captured by both approaches (Fig. 7). A 4 )
 Analyses of the footprint climatology with a routine from Gockede et al. 2008 determine the source areas contri- . . | m altrnag g “
buting to the flux measurements of the USA, depending on dominating wind direction and stratification (Fig. 6). =7 > o0 . ' = e . s 1} n Y
» The footprint is largest for stable stratification with laminar flux dominated by katabatic wind from southeastern & ._ : A Yy, e 1 e
direction 7 T ‘ Fig 7: Mean diurnal cycle of sensible heat flux and air tempera-
' _ _ _ _ . ‘ :5 ture at AWS 1, 24.6.-30.6.2009 (flagging system for ECS
 For further footprint analyses see poster Maussion et al. ,Atmospheric data retrieval ey st By gl g s e g mpike i after Rebmann, 1= high data quality, 5=low data quality)
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