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1) I/We thank our collaboratorsboth those named here but also the much wider
group developing ACCESS (the Australian Community Climate and Earth system
simulator) which indirectly includes anyone developing the UM or JULES.

2) Thepurposeof this presentation i$o sharesome insights emerging from
analysis of simulations conducted with ACCEBZ (climate system model
biophysics only) that may be important/of general interest to the JULES
community (given our common interests in land surface model performance
when coupled to the UM).

3) The title is somewhat misleadirgthis presentation is really about model
sensitivities amulti-annualtimescales, not the processes governing how land
and atmosphere are coupled at shorter time scales (which is what the term land
air interactions often implies)



What? Why?

CABLE is the land surface model in ACCESS climate models

™ abigleaf (radiation weightederticallyintegrated canopy, multiple pathways for fluxesunlit/shaded, wet/dry)
™ 10 PFTs, dual source, tilsail, LAl dependent roughness, roughness sublayer dynamics

UpdateS to blOphySICS |n ACC‘m SInCG ACCESSl3 Leaf area for evergreen needleleaf trees
» technical interface(s) with the UM/JULES DIF
. . . 0 1
« internal bug fixes e M >
e new parametesets DAL T
* Leafarea index by PFT & ‘optimised’ radiative properties A
* new science options To W w mome o
¢ Medlynstomatal function (Kala et al.) —
¢ soil thermalconductivity(Decker & Verhoef)

DECKAMIP runs (198@2009) with ACCESS12 (N96) o a Jf ——
© Al4- W't_h CABLE configuration as in ACCESS:_I"‘?’ expect changes indand albedo, longwave radiative
e Al.4+lwith updated parameters for permanent ice exchange, roughness, photosynthesis etc. frarAl

e Al.4+I+\~with updated parameters for ice and vegetation

* CM2-with updated parameters and new science configuration @

Whydid this particular work come abouit

CABLE is the Australian community land surface component of Australia’s main
climate modelACCESS. CABLE also opecaigigled into WRF and into our own
regional climate model CCAM. CABLE includes several unique representations of
terrestrial processes but also has many similarities to JULES.

Within ACCESSABLE worka partnership with the UM and JULEB does not
completelyreplaceJULES (e.g. sea, seaagehange come from JULEBut also

some terrestriaprocesses such agist emissions)ike JULES, the code base evolves
and the configuration of CABLE used differs between the various incarnations (this is
more thanjust whether the biochemistry is turned on/off)ike JULES, some CABLE
science is not available in coupled runssefof changeto the representation of
terrestrial biophysics wergncluded in the latest climate modeA\CCESSM2. This
comprisedsome updated parameter sets atite leafarea ancillaries, and a small
number of science updatedJnfortunately,giventhe CMIP6 timelinesour choices
around configuration were largely driven by need to address obvious issues, and
from standalone testingthere was insufficient time teonductcoupledtesting

properly.

So our main question is “what have these changes done to the simulated climate?”

One key area of difference between CM2 and ACCESSL1.3 is that the prescribed leaf



area ancillaries (by month and by PFT) were changed to better reflect differences
betweenPFTs. Specifically we moved from a MODIS product for LAl to a NCAR
modification of that product that incorporates well established phenology (and
tackles acknowledged weaknesses in the MODIS product at high latitudes/low sun
angles). For example, tmeedleleaf evergreen LAI is notable higher (had a

slightly smaller annual cycle) in CM2 than ACCESS1.3. We automatically expect
changes in albedo, radiative exchange, aerodynamic roughnessn

photosynthesis because of this change in input.

In order to quantitative assess the impact of these charges’'ve completed 4,
single realisation, 30 year AM$inulations (so prescribed SST’s) usmegACCESS
CM2model. Thessimulations operate under the same atmospheric model (GA7.1)
and with same, constant land coveso cleanly quantify the impact of land initiated
changes in thenodelled climate.



metric differences between what and what

stippling indicates significance (at 95%) for
modelmodel differences with respect to
modelled interannual variability

no stippling on modebbservations panels
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We are goingo show several of thestypesof figure: Left panel conventionalat-
lon plots of either modeimodel differences or modealbservation differences. All at

the grid cell (not by tile).

Right panels-longitudinal averages over land fractiaof,the differencefrom the

Al.4 simulation. These figures are always modediel differences:
- Differencebetween BlackBlue lines illustrates impact of changing paameters
- Differencebetween BlueGreen lines illustrates impact of changing vegetation

parameters, including leaf area ancillary.
- Differencebetween GreerRed lines illustratesnpact ofchanging the science

configuration.




diurnal temperature extremesasctcneoy)
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We start with surface air temperature. Left panels show the bias of ¢iMthe CM2
configuration) versusladGHCNData for annually averaged, daily
maximum/minimum screen temperature. Right pandéieakdown by season of
changedrom the Al.4 configuration.

There is lots of detail hereso from now on we focus on what’s happening in the
boreal forests (5€/0ON). We see a modest increase in anfntmbxand small
decrease in annudimincompared to the A14 configuraticnelsewhere diurnal T
range igdecreased. This unfortunate as we would have liked the diurnal
temperature range toncrease more generally.

This raises a question as l/we expected that the increases in LAl would act to
decrease the average diurnal temperature range in threggons as a result of
roughness effects.



surface albedo
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general increase in albedo over boreal forests (with little change in snow cover)
due to changes in parameters only
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Adeeper lookFirstconsider the surface albedewe see that the CM2 configuration
gives a smalhcrease albedo annually in the boreal forest zone. This is an

improvement as the Al.4 configuration is too low here (but there are larger biases in

other regions, especially for tundra).

The annuaincrease is also hiding larger differences in the seasonal variatigtih a

large decrease in albedo in winter (as expected from the increased LAI) but increases

in the otherseasons.

Alsoweirdly —note that albedas increasedn JJA buimaxTalso increased.

This change idue to vegetation parameter changes only (green and red lines

overlay) not the new science parameterisations.




latent heat

vs FLUXCOM (GSWP3 30y)

notable decrease in evapotranspiration from boreal forests (and other tall forests)
due to changes in both parameter values and science configuration

@

Thecombination ofchanges irthe parametergscience configuration is also

beneficial to the simulatethtent heat fluxevapotranspiration in boreal regions.

CM2 configuration has lower ET and is therefore much closer to observations than
the Al.4configuration—the wet bias is decreased. This is quite a substantive change
—almost 30% annuallyand it’s due to both parameters and science.

Changes outside the boreal zone are generally not significan& @mallerfractional
effect and highly variableHowever, notehat the combined changdsavealso
reduced ET over tall forest regions in tropical areas.




conundrum (boreal regions)

» expected changes in LAl expected to lead to increased roughness and a decreased ajbedo
Yatherefore increased,J,, a competition onJ,and small increase in ET

» found a generally improved agreement against observations

» see little change itargescaleclimate— surfacepressure, wind, friction velocity,
precipitation, snowcover/depth—or net radiation

» see decreased,,, increased,,, increased albedo and a notable decrease in ET

What'’s the missing ingredient?

@

So we have a bit of a conundruriromour understanding of the science in CABLE
andearlier standaloneruns we expected certain changes in the simulated climate of
boreal regions in the CM2 and ALdnfigurations- specifically an increaseinin a
small increase in ET and possibly a small decreaBeam (On the basis that these
regions are characterised by energy limitation).

However, this is a) not what we see andhg combined effect is difficulio explain
from a land modelling perspective.



Clouds

cloud amoun{UM v low cloud) cloud amoun{UM low cloud)

downwelling shortwave downwelling longwave

CABLE's biophysics (canogiative exchangeonductances photosynthesiso stomatal
function)depends orLAlandthe split between direct and diffushortwave

lessET o less cloudso more direct beamo feedbacks (higher albedo, highgy,feven less ET@

There would appear to be 2 missing ingredients in our (naiwdacecentric
perspective (we can't say for definite yeflhe first ingredient is clouds. The
decrease in EiB accompanied by a significasttange theamount of lowboundary
layer clouds in theimulations over the boreal region. Left panel is cloud amount in
lowest model levelié. fog), right panel is cloud amount in the boundéayer

(<2km). Notehat there is little/no change in cloudiness above 2km. This has an
immediate response of increasing the downwelling shortwave and decreasing the
downwelling longwave at the surfaeghe net radiation stays the same. This
changehelps explairthe increasedimax andthe decreasedmin

Note that the process is not restricted to boreal regieregain the smaller decrease
in ET over tropical tall forests is accompanied by similar decreases in low and very
low level cloudiness.

The secondnhgredient(s) are the feedbacks between the land and atmosphere. We
suspect that the selection involved is strondgpendent on thgparameterisations

of canopyradiationphysican CABLENd how they link into the surface energy
balance-in particular links between the sunbhadedleaves and leaf level
conductances While complicated to disentangle, the net effect depends on both
the LAI and on the split between direct and diffuse shortwaekation (and

between visible and nednfrared). Direcbeam radiation generally has a higher
albedo than diffuse, and the sunlit leaf has differing formulations for leaf level
aerodynamic conductance.




Thepicture that emerges is that thenodest change in surface energy balance due
directly todifferent LAl + otheparameters+ sciencénas been sufficient to decrease

ET, which in turn has impacted the cloudiness. The changed cloudiness then triggers
apositive feedback in the coupledodel via the direct/diffuse partitioning.

We can’t(typically)assess th@otential of this feedback in standlone sensitivity
tests since theoartitioning of the shortwave igarely available within prescribed
meteorology.



Take home messages

» Surface climatology in coupled modelling is the net result of complex interactions between
atmospheric and terrestrial processesresults in stanéalone mode don’t necessarily cargver into
coupled modelling

 Differences in local climate between CABLE configurations > historical trends due to GHG

» Surfaceatmosphere interactions over tall canopies, especially in boreal regions, seem particularly
sensitive (at least in CABHIEM modelruns-likely due to albedo/canopy radiation parameterisations)

» (multi-)Annualclimatologiesare hidingimportant variation by seasorgorrelationwith modes of
climatevariability,and differences in response betweewnegetation types

* Plenty of challenges remainin understanding and model representation

@

Key points are given on the slidehe first, fourth and last points are included really
to emphasise the obvious (but are worth repeating).

Onthe CABLE configuratioms historical trends-this is bothgood and bad news.

Good because there’s enough signal when we change parameters/science
configurations that we can take objective decisions. Bad because this likely implies
that need to test CABLE coupled to the UM more than we routinelpartbso CABLE
risksbecoming overly tied to the UM, and because it raises the importance of the
problem of land cover change.

With respect to surfacatmosphere interactionsthis seems to be somewhat

unusual with respect to other studies (where seamid and convective permitting
regions are usually identified as exhibiting stramigractionbetween landair in the
modelled climatology This is perhapown to unique attributes in both CABLE and
the UM. At the moment this is a model result with no implication as to whether it is
realistic.



Thank you
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