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1. Introduction 4. Discussion & Conclusions

The boundary conditions, ice thickness and bedrock topography, are e g 2] .| 4725;'_ o 5 « The present modelled Greenland ice sheet is highly sensitive to the
essential for modelling the evolution of the Greenland ice sheet (GIS). //*'/\\\7, R = bedrock input resulting in an ice sheet volume 13.6% greater than with the
The majority of current ice sheet r_nodelllng studies (e.g. Greve, 2000; LAY N EISMINT-3 bedrock.
Ridley et al. 2005) use datasets which are over a decade old and based | N e The results indicate that when the most up-to-date boundary
on data collected from the 197/0s (see Fig.1a) (Letreguilly et al., 1991). ( conditions and forcings are used GLIMMER gives a poor
However, subsequent datasets consisting of an up-to-date and more >representation of the modern ice sheet with an ice volume 37%
accurate ice thickness and a Digital Elevation Model of the Greenland | o greater than observations. This new dataset will be tuned in order to
bedrock topography have been produced (see Fig.1b) (Bamber et al., 2 | | produce a reasonable best fit between modelled and observed
2001_). lef.erences betwgen these two _datasets cou d result In - W B E W | geometry (see section 5).
considerable impacts on the ice sheet dynamics of numerical models and 126% T 280% U 126% S/ 215% | 36.9% | « Temperature sensitivity studies have shown that the surface mass balance
ultimately the ice sheet geometry and volume. Additionally, ice sheet s o 15 oo 02 o4 0o 0o 10 12 1s o0 o5 1o s oo o5 1o 15 60 o2 o4 05 oo 10 r2 s is particularly sensitive to the temperature surrounding the margins of the
models are sensitive to the temperature and precipitation used to force Original EISMINT-3 Updated Bedrock Updated Temperature Updated precipitation All updated ice sheet.
the surface mass balance model. Temp Precip Bedrock & Ice volume  Sealevel equivalent Area covered by ice Max. ice thickness Fig.3_ & Table 1 : e This work h|gh||ghts the need to assess Carefu”y future and past Greenland
- » ~ Under steady state climate conditions, surface elevation || (>10%km’) height (m) (x10° km?) (km) 2?222::% igfe shteheet ice sheet modelling results in terms of the forcings and boundary conditions
we present results using the GLIMMER Obs!  Obs! Obs! 5 93 734 170 337 to updated modem plied.
ice sheet model to Investigate and 1 E E E 330 (+0.37) 832 (+0.97) 2.07 (+0.37) 3.11(-0.20)  day temperature,
compare the Impla_ct of the forcmgs and 2 E E N 3.75 (+0.82) 9.46 (+2.13) 2.30 (+0.60) 3.34 (4+0.02) precipitation, bedrock 5. FU'l'ur‘e Wor‘k
boundary CO”d'“Q”S gsed in the 3 E N E 330 (40.37)  8.32(+0.98) 2.11 (40.41) 2.93 (-0.39) and surface elevation.
rEelgel\flltl\g;tzse?;(.erC'se with  the - more 4 N E E 3.56 (+0.62)  8.97(+1.63) 2.24 (+0.54) 3.14 (-0.17) EI SMrIeI\fﬁr_sg E)Oe drotc?ke Several parameters are not well constrained In large-scale ice sheet
3N N N 401 (+1.14)  10.25 (+2.91) 2.49 (+0.79) 3.25 (—0.06) temperature and modelling and can influence ice sheet volume and extent. EISMINT-3 and
S orecipitation, whereas the more recent input datasets will be tuned using the statistical method of
Fig.1: Observed surface topography from a) Letrequilly et N refers to the more recent datasets as described in section Latin-Hypercube sampling which generates a distribution of plausible
al.(1991) and b) Bamber et al. (2001). R e~ B 2. The values in bold are the difference relative to the most parameter sets within a prescribed set of ranges.
oooooooo S e S ) recent observations based on Bamber et al. (2001) and those
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Aim- to determine a set of parameters which give the best-fit between modelled
and observed geometry for present day conditions by looking at:

1. Ice volume

2. Surface area covered by ice

3. Maximum ice thickness

highlighted in red are the largest differences when one
boundary condition/forcing is varied. This Is also shown In
—— S terms of percentage for ice volume on Fig.3. The results
@@@@@@ . - Indicate that the most recent bedrock and surface elevation
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2. Experimental Design
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GLIMMER Includes a surface mass balance modeL Coup|ed ice ﬂOW, . R 5 atons o eodooo dataset result in the Iargest difference when Compared with : :
_ _ _ _ _ _ _ o m 1 h . Precipitation has the least affect althouah 4. Sea level equivalent height.
thermodynamics and ice thickness evolution and an isostatic readjustment g ] ST e o ] Observations. recipiiation has the least afiect afthoug
i e underestimates the maximum thickness the most. Table 3 Outline of the
model |
' 2000000 2000000 1 Parameter Minimum value Maximum value .
five parameters to be
. . . . ey f/uooooo: ﬁﬁﬁﬁﬁ ‘E’moooof o . Positive degree day factor for snow 3 5 varied according to the
The model was run offline for 50k years starting with the initial geometry of Fig 4 and Table 2: Sensitivity to different woo— (mm d-1°C-1) Braithwaite (1995) Braithwaite (1995) ranges shown based
the ice sheet for an ensemble of experiments based on EISMINT-3 input I . temperature forcings where (@) grey region - _ - aasaliist il o b Brtnnre 11995) i 11995, on literature.  The
. . | - rairnwaile ; rainwaile PDD ’ PDD ,
and more recent dataset InpUtS (See Flg.2). Og | 400‘000 800000 I wzoélooo I WGOCIJE)DD 0 " 400000 B00OCO I wzoéooo waoéooo denOteS temperatures from Hanna et al.’ ZOODOOO: | Ellhal'lCillg flow factor L3 5 STow ©
r ~N % (m) X (m) (2005) and white reg|0n denotes EISMINT- -~ tesoace - Weertman (1973) Dahl-Jensen & Gundestrup (1987) gegtherr:nal heatt f1I:|UX
Flg 4b < 1200000 - Geothermal heat flux 38 60 and enhancement How
IN P JTS B/AVHRR APP-X _ temperatures’ (b) - (x1073 Wm™?) Dahl-Jensen & Johnsen (1986) Lee (1970) factor ranges are
Fennne e temperature distribution after 50kyI’S and (C) o Near surface lapse rate 4.0 8.2 similar to those used In
\_ J 2400000: 2400000 17 Ablatlon rate/year over Greenland after 400000: Y- ] e km_l) Steffen & Box (2001) Steffen & Box (2001); Hanna et al. (20035) the Study of Ritz et al.
v oy e r . I - I T © D | 4DDIDDD | DIODD | 1ZDCI)DDD | 160&)00D (1997) "
e ~N — veecs | . +eo0000l- S0kyrs for (i) EISMINT 3 forcing only, (i) X (m) Fig.5: Example of 250 sensitivity
BEDROCK S— S AVHRR APP-x only, (i) EISMINT-3 & Fig. 4a experiments generated using |
[ TEMPERATURE ] TOPOGRAPHY & [ PRECIPITATION ] Hanna et al. (2005) forcing, (iv) AVHRR APP-x & Hanna et al. Latin-hypercube  sampling  showing E
ICE THICKNESS (2005) forcing. Table 2 shows that the ice sheet volume is highly geothermal heat flux, lapse rate and
l \- J \ \ g : dependent on surface temperatures surrounding the margins of the E;)Dgnovrv;egaz?rgg’err']r;:”;gegfjifigf; :
~ f \ — N ~ el B iIce sheet rather than the temperature of the ice sheet itself, with the associated PDD.. and enhancement =
. . v v - 2400000 2400000 [ . . ice o
Eismint-3 Recent T N\ N\ Eismint-3 Recent o AVHRR APP-x temperatures reSUItlng In almost a metre of extra sea flow factor value. This method ensures =
B d 1 1982'2004 E|Sm|nt'3 Recent Based on 1979_2001 2000000 - 2000000 |- . . - =
=it ol - : level height. Fig.4b and 4c show that the AVHRR APP-x that parameter space is covered :
- Let lly et Bamber et I I
Bl AVHRR APP-x etreguilly e amber e Ohmura & ERA-40 o 150000 o e . o] 4 build H Hod 2
(1987) satellite derived | [al. (1991) al. (2001) Reeh (1991) orecipitation? > oo | S temperatures are colder than the threshold for ice melt over su gl?nt%’_ an |U' 159907” t ﬁ met Oh E
temperatures® |\ J J < AN J Greenland resulting in no ablation on the western margin. Although used in Ritz et al. (1997) where eac
\_ J 2001 [ . . L . parameter is varied individually.
2. 1981- s ™\ ol g | ool | the lack of ablation can be attributed partly to a positive ice-elevation Lapse rate (°C k™)
Zgr{‘g:‘;‘.‘tegrigf\e- MOdeI flxed Parameters DD | 406000 | syoo‘?io\ | wzoéooo | waoéooo DD | 406000 ‘ syoo?oo) ‘ wzoéooo ‘ waoéooo feedbaCk the AVHRR APP_X temperatures Were ConSIStentIy Colder
OverGlpS >Lapse rate= 6.227 C km e | than EISMINT-3 temperatures at the beginning of the experiments
— - - . m yr-1 . . .
(Hanna et al. »PDDgpq,= 3 mmd+ T Fig. 4c with no ablation occurring from the onset. 4 6. References
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