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Using CryoSat-2 estimates to analyse sub-grid scale
sea ice thickness distribution in HadGEM3 simulations for CMIP6

David Schroeder, Danny Feltham
Centre for Polar Observation and Modelling,
Department of Meteorology, University of Reading, UK
Michel Tsamados
University of CPOM, Department of Earth Sciences, UCL, UK

Reading

NERC

Motivation
» A sub-grid scale sea ice thickness distribution (ITD) is a key parameterization to enable a

large-scale sea ice model to simulate winter ice growth and sea ice ridging processes
realistically.

» Recent sophisticated developments, e.g. a melt pond model, a form drag
parameterization, a floe-size distribution model, fundamentally depend on the ITD.
» |In spite of its importance, knowledge is poor about the accuracy of the simulated ITD.
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Fraction of thick ice (3.6m) in %
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Comparison of thick ice area fraction(’h>3.6m)
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> Strong annual cycle
according to CS-2: 2%
in October vs 22% in

> Weak annual cycle
in all HadGEM3
simulations.

> Should we care
about the mismatch
given mean ice

volume seems to be
realistic?
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Comparison of thick ice area fraction (h>3.6m) 2011-2014mean
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Sea ice fraction in %
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> HadGEM3
undestimates summer
sea ice area fraction.

> While thick ice melts
too slowly, thin ice
melts too fasts.

Conclusions

HadGEM3 simulations
do not represent
annual cycle of thick
ice, nor do forced
ocean-ice or CICE
simulations.
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Future contributions to sea-level rise
from interactive ice sheets in UKESM1

Robin S. Smith, Victoria Lee, Antony Siahaan, Jonathan Gregory, Paul Holland,
Adrian Jenkins, Tony Payne, Jeff Ridley, Colin Jones and the UKESM core team

. . .e i Centre for A British
National Centre for National UK Centre for National Centre for FI o th Warine British k. 1/ Folar Observation BGES i
Atm h n Scuence Oceanography Earth Observation Antarctic Survey Geological Survey
il eanco counci. Centre Ecology & Hydrology iplehaio s ey P M L AU AL EmYRONHEN T RESEARCH COUREIL Cpom d ey i B = SR D ST,

© Crown copyright



equiv. mm/yr GMSLR

Change in rate of ice loss, by mass balance component
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SSPS5 calving/discharge
declines as the ice margin
thins

Standalone ISM results see an
increase in calving: we need
marine coupling

Overall response dominated
by SMB

New CMIP6 RCM results have
higher SMB sensitivity...?
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|lce sheet surface height ~ 3600CE

3200

For long term futures we
don’t need to run the rest of
the ESM continuously.
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Change in rate of ice loss, by mass balance component,
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Fair amount of interannual
variability

Timing of accelerated shelf melt
IS sensitive to initial ocean
condition

Significant increases in
snowfall, especially in SSP5,
but widespread melting on
shelves

SSP5 discharge hasn't
increased. Flow on the shelf
slows, but upstream the
grounded glaciers are
accelerating
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L oss of ice volume
above flotation is
crude estimate for
now

Ignoring loss of
floating mass from
shelves, SSP5
Antarctic sees net
influence of snowfall
accumulation

SSP1 has modest
loss of mass from
GrlS

Results are within
multi-model bounds!
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Atmospheric blocking and
Greenland melt

Victoria Lee, Centre for Polar Observations and Modelling, University of Bristol
v.lee@bristol.ac.uk
Robin S. Smith, NCAS-Climate, University of Reading
Tony Payne, CPOM, University of Bristol



Greenland Blocking Index (GBI)

Its measures atmospheric

Monthly Greenland Blocking Index

blocking over Greenland. £ 6000
GBI is the mean 500 hPa [l historical, mean 5316.7484
geopotential height for the 60- 38 . T oA daa' a 30'75 ,_
80°N, 20-80°W region. o O MARAMAREARARARAARRARRRARRARRARARAR Y RMSE s 83 m
@ DU RITRIAIATR IR ||'I" "]"'llrl-l'l '
TRV T v
A comparison of monthly means o 5000 F | ! | | | | | 1
between UKESM1.ice 1970-2014 = 1980 1985 1990 1995 2000 2005 2010 2015
historical experiment with
NCAR/NCEP Reanalysis from
NOAA is good. Summer GBI, m
5600 . . . . <torical:
) ) —— historical Historical:
Summer, JJA, GBI: historical 5550 3 L=5502m,o0=21.6m
model matches mean but has a cc00 | i Reanalysis:
smaller std. H=5501m,0=282m
Reanalysis has a positive trend in 2450 1 |
summer GBI from 1995, whereas 5400 RMSE is 29 m

1080 1985 1990 1995 2000 2005 2010 2015
CMIP5 models do not.

Victoria Lee, CPOM, 17th June 2020



GBIl and Greenland melt in UKESM1.ice historical

Anomalous Greenland
blocking has been linked to
the recent surface melt
acceleration over the
Greenland Ice Sheet.

It can advect relatively warm
air masses from the
subtropics and bring sunnier
and drier weather conditions
that enhance the melt.

In the historical model the
top three summer GBI values
correspond to maxima in ice
sheet melt.

Summer GBI and ice sheet
melt rate are positively
correlated.

Victoria Lee, CPOM, 17th June 2020
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Greenland blocking and cloud cover over GrlIS

Recent literature has found that GBI is
negatively correlated to cloud cover since
the mid-1990s based on a combination of
satellite observations and RCM modelling.
Blocking is promoting cloud dissipation
and the reduction in cloud cover is driving
Greenland’s recent mass loss.

In the historical model GBI and cloud
fraction are weakly, negatively correlated.
Positive trend in cloud fraction since 1990
(R?=0.28 p-value = 0.008).

Melt rate and cloud cover do not have a
significant correlation.

Cloud cover has a complex interaction
with surface melt.

Victoria Lee, CPOM, 17th June 2020
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Near-surface air temperature over GrlS

Blocking can drive advection of warm air.
In the historical model annual near-surface air
temperature is warming at 0.12 °C/y since 1995.

R? = 0.84632, p-value < 1.0e-6

&)
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JJA melt anomaly, m WE/y

temperature at 1.5 m.

* Melt and JJA temperature at 1.5 m are highly correlated.
* GBIl and temperature are not strongly correlated.

Victoria Lee, CPOM, 17th June 2020
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JJA albedo anomaly, 1

Relationship to melt

Albedo

Summer albedo

0.79
0.78
e Albedo, o: SWyet =SW 1 (1 —a) 1
* Melt rate is also correlated to albedo. 0771
* Melt rate maxima correspond to albedo minima. 0.76
oon R? = 0.68748, p-value < 1.0e-6 0'715980 19|85 19|90
e Relationship to GBI
ooosf  tn,  Strong negative correlation with GBI
0 el compared to GBIl and temperature.
00051 o * GBI is correlated to SW,_,, but does
oo i ) not have a significant relationship
| . with SW{ and is weakly correlated to

JJA melt anomaly, m WE/y

Victoria Lee, CPOM, 17th June 2020

cloud cover.

Meltwater decreases albedo by
increasing grain size of the ice.
Surface melt increases when the ratio
of absorbed solar radiation increases.
Is melt-albedo feedback driving
Greenland blocking anomalies?
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Future ocean melting of the interactive Antarctic ice shelves in UKESM
Antony Siahaan & UKESM core group members
UK!ESMl-ice

UKESM1

Projection of :

- Sea-level rise

- Watermass transformation

- Ocean circulation

- Atmospheric processes

- Biogeochemistry: with MEDUSA

Scenario runs :
- SSP1-1.9 : 2 members
- SSP5-8.5 : 2 members
/' - Initialised with UKESM1
historical members

% [ - Cavity data is initialized with

standalone NEMO-CICE spinup

- vl - lce geometry is initialized with

-  UKESM1 : no BISICLES .
UKESM1-ice - no MEDUSA standalone BISICLES spinup
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Fires can exert a substantial forcing on the Earth's climate by affecting different
components of the Earth System

Solar
radiation

Largest source of carbonaceous aerosol globally
» ~ 60 % of the of primary OC and BC aerosol emissions
» Dominant source for central Africa and Amazon regions

Aerosol |
effect | |

Wind increases
fire spread

Black carbon
deposition

Total net negative radiative effect of -1.02 W m~
pre-industrial period (1850) (Ward et al. 2012)

Melting
permafrost
= more area
to burn

Low agreement on the regional changes in future fire
regimes

Global scale assessments highlight the complexity and
uncertainties of these impacts

\

Total radiative effect of fires remains uncertain making
, climate-fire feedbacks relevant in the context of
T e— species and - climate change research

Socio-economic
impacts

Objective - Development and evaluation of a coupled fire-composition-climate Earth system model


https://www.atmos-chem-phys.net/12/10857/2012/

Coupling framework

UKESM1 - AMIP

(Historical)

Fuel Density

X

INFERNO

Goff-Gratch saturation
vapour pressure

Soil Moisture

Flammability

[
—

Burnt Area

surnt e
Y%

—F

Emissions

Y
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Ignition
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Fire weather conditions
Precipitation
Temperature

Relative Humidity

Cloud-ground Lightning

4 - Ul

o Unified Model

Atmospheric Composition
Chemistry
Aerosols
(aerosol-cloud interactions)




Biomass burning emissions (kg m-?) mean annual average (1997 - 2010)

Annual mean time series Climatology

-F‘ 1200+

1000-

GFAS
emission (mg - m™)

CO emission (Mg
@
(=1
o

[ate]

500 —— UKESMI1-+INFERNO

UKESM-Fire

e - oo
2005 2008 2011 Jan Feb Mar Apr May Jun Jul Aug Sep Oct MNov Dec

Global pattern well reproduced

* Large overestimation of the biomass burning emissions
» NHAF
» SHAF — emissions extend further south
» SHSA — large bias on the eastern edge

IW * Underestimation over the peatland regions

(e.g. Indonesia and boreal regions)

UKESM-Fire — GFAS

-100 =50 0 50 100 -04 =02 00 02 04

Large bias in the annual mean time series

Seasonal cycle well reproduced — partially due to regional
compensating bias



Land surface sensitivity

Two sensitivity experiments (1980 — 1985):
* T2G10- 10 % of trees are changed to grass
* T2G50-50 % of trees are changed to grass
* Specific region in SHAF

Burnt Area co oC BC
(Mha) (g m?) (g m?) (g m?)

UKESM-Fire 243.95 25.29 1.14 0.12
256.29 25.90 112 0.12

VS (+5.05%) | (+241%) | (-1.75%) | (0.00 %)
290.31 24.68 1.08 0.11

Ll (+19.00%)  (-241%)  (526%)  (-8.33 %)
UKESM-Fire 49.05 8.61 0.36 0.42
2610 55.02 8.45 0.35 0.41

SHAF (+H1217 %)  (1.85%)  (2.78%)  (-2.44 %)
12650 88.21 7.55 0.31 0.36

(+79.83 %) | (-13.31%) | (-15.15%) = (-14.28 %)

*  Burnt area hypersensitive to this land surface change
e Significant changes in emissions for T2G50

*  Regional changes in the land surface can have remote
impacts

ocC co Burnt Area

BC

2.0
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0.0
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0.00
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SHAF NHAF

NHSA

SHSA
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* Improves interannual CO variability and seasonality over the studied regions

* overestimation of AOD over NHAF and SHAF regions

* improvement of the variability and seasonality of AOD in South America,

* Does not capture the spikes in AOD, or CO observed over SHSA during the period 2004 to 2007 and 2010



Summary

¢+ Coupling a fire model to UKESM1 results in a similar performance in reproducing the distribution of
aerosols and CO atmospheric column.

+» Limitations of current set-up
> No fire-vegetation feedbacks
> Peat fires are not represented
» Underlying vegetation bias can have a significant impact in modelled results

+ This shows that we have developed a useful coupling framework that allows the representation of
complex fire-composition-climate interactions and feedbacks in the Earth system

Future work
**Include fire-vegetation feedbacks - brings improvements to Africa and South America

**Include representation of peatland fires - impact in the northern hemisphere

s Study and quantify the impacts of fire in climate change scenario and on atmospheric
composition-climate interactions

Joao Teixeira
joao.teixeira@metoffice.gov.uk
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= Met Office

Hadley Centre

UM vn 11.6, JULES vn 5.7

Emissions and atmospheric
chemistry, lightning from
UM, fire mortality and
dynamic vegetation

4xC0O2, PIC and historical

Strong response to fire ->
vegetation carbon reduction

Experimenting with
reducing fire mortality rate
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Preserving uncertainty
in fire model
parameterisation
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Problem 1: no
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fireMIP priorities ...formal sensitivity and analysis on the input parameters to determine if
fire models include correct processes/parameterisation should be prioritised to improve, and
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“ConFIRE" - a skeleton fire model
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INFERNO [1] P(B)

40 5

Moisture of extinction (%)
30

P(BY;)

.

40 60 80 100

Burnt area (% month™)
20

0

10

30

50
Fuel discontinuity point (%)

40 60

Fuel continuity (%)

[1] converted from Mangeon et al, GMD. 2016
see Bayesian example for conversion methods.
[2] Hantson et al.,, GMD discussions 2020
[3] Giglio et al,, “The Collection 6 MODIS burned
area mapping algorithm and product,” 2018

FireMIP [2]

P(B]Y;)

P(BA|(B|Obs)) Obs [3]

August

o September o

| FAlDeforested = 4 = . . . . S
- ZZZZZ:Z-Z’:-Z:ZZ:ZZ‘ZZZ%ZZ:Z: -
o: (@)
o Lf\"‘:\/\.'“‘w \ g
2002 2004 2006 2008 2010 2012 2014 20l1 6 | 20I1 8 | o ca e e
Full postirior Parameter uncertainty = Observations ObservEergranomaIy
Average Jun - Aug 2002-2019 2019 No. years exceeded N ] [ | Uncertainty | I ]
.§ | Error |
g 2002 2010 2019
No meteorological
o influence found on
: A burnt
E mdzon ourn

-80 -70 -60

-1

-0.5

-0.01 0.001 0.1

-0.1 -0.001 0.01

0.2

-60 50 40

6

8 10 12 14 16

Fires" Biogeosciences Discussion, 2020

areain 2019

Kelley, et al, ‘Low meteorological
influence found in 2019 Amazonia

Suppression §
Increased Decreased
A (decreased v (increased
burning) burning)
T moisture

1 moaisture

: ounteracting
drivers

T fuel, T moisture
T ignitions
= ignitions

18 L ignitions 50%

+ fuel, I moisture
T ignitions
= ignitions

01 Jignitions 13%

Decreased Increased

burning

burning

Kelley et al., "How contemporary
bioclimatic and human controls
change global fire regimes,” Nat.

Clim. Chang. 2019

#* Amplifying

Moisture drivers &~  drivers Fuel drivers
= fuel, 4 moisture T fuel, 1 moisture T fuel, = moisture
(8 T ignitions Tignitions T ignitions
| =~ignitions | = ignitions = ignitions
0z Jignitions g0, || 0% L ignitions 10% || = L ignitions 14%
= fuel, T moisture ! fuel, T moisture L fuel, = moisture
i T ignitions T ignitions T ignitions
Bl = ignitions = ignitions = ignitions
oz . ignitions sa0. | | 02 L ignitions 1190 || @2  ignitions -
T o :I
a
o
Q. o
& 5
.
O o ;b
(o P
5 | | | | |
0 20, 40 60 80
Yo COVEr



INFERNO-1se

e 6-hourly timestep -
sampling 1 day a month

e Tile based fire size & fuel
e Getrid of “pointy” curves in

INFERNO

e Parameter selection under climate/veg biases
e None-fire applications?

ESM-i1se

e Single or small number parameter selection
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Done!

Any questions?
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