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JULES lamglrface model

AThe Joint UK Land Environment Simulator (JULES)
community land model is used by UK Met Office

In production of forecasts and in the UK Earth i N SIS
System Model (UKESM). N\ g \

ADifferent tiles and soil layers, now including croggetess "

ADifficult to implement with variational Data s
Assimilation (DA) techniques which require S NG S -
derivative of the model due to high model
complexity and many new releases. JULES model schematic
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FourDimensional Variational (4DVar) DA

ACombine all sources of ~ 4DVar cost function:
Information to find best ;. - % (x0 — ") TB-(xg — x) + % hixg) — 97 R (x0) — 9)

estimate to the state of a < . NG V_ _
system. Prior Observations
ADo this byminimisinga CoSt o] Assmiaton vindos Foecast [ e |
] : é & Obs |

function.

ATypically requires the
derivative of the model.
This I1s an issue for JULES!
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Improving soil moisture estimates for Ghana

on for JULES and ESA CCl at (9.75, 0.75)

- AAssimilated ESA CCI satell

.. Observations of soil
AL o moisture tooptimisesoil
;4 Vo W J  parameters of JULES.
e | .f\ AFound a 20% reduction in
1 By AN | unbiasedRMSE for year
“ : .. _,;-'. 1\1 ; hlndcaSt
e U “ ADA method was slow!
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Pinnington, E.Quaife T., and Black, E.: Impact of remotely sensed soill
JULES modeIIed Soil moisture and preC|p|tat|on on soil moisture prediction in a data assimilation

Aln order to consider large
moisture over Ghana system with the JULES land surface madgtrol Earth Syst. Sci., 22, 2575 Scales d Iﬂ:e rent approaCh
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-
FourDimensional EnsembMariational(4DEnVar) DA

A Approximates 4B/ar Using an
ensemble of model trajectories.

A Does not require the derivative of 1
the model. X = N — 1("“ —X,x % =%), ()
A Much faster than technique used in B~ XXy 2)
soil moisture work. X0 = X+ Xw, 3)
A Requires no code modification. 1 1 a1 o
JW)ZEW w+2(HX§,w+h(x)—j‘r) R (HX,w +h(x’) —¥) (4)

A Easilyparallelisable
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LaVENDAR

AThe Land Ensemble Variational Data Assimilation
fRameworkLaVEnDARmMplements 4DEnVar for
land surface models.

A https://github.com/pyearthsci/lavendar

A Pinnington, E Quaife T., Lawless, A., Williams, K.,
ArkebauerT., andScobyD.: The LanWariational
Ensemble Data AssimilatidRamework LaVEnDAR
GeosciModel Dev. Discuss., https://doi.org/10.5194/gmd
201960, in review, 2019.

AWritten Python wrappers for JULES controlling
functionality and running model.

AWrappers allow us to easily run ensemble of models
with different parameters in parallel and perform
DA.
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https://github.com/pyearthsci/lavendar

LaVENDAR

ATested technique for JULES at maize
crop in Nebraska, USA. Assimilating - _
leaf area index, canopy height and -
flux tower observations.

A Pinnington, EQuaife T., Lawless, A., Williams, Krkebauey T., and
ScobyD.: The Land Variational Ensemble Data Assimilation
fRameworkLaVEnDARGeosci Model Dev. Discuss.,
https://doi.org/10.5194/gmd201960, in review, 2019.

AOptimised 7 model parameters
controlling crop behaviour.

Almproved model estimate of crop
yield by 74% compared to

20

Independent observations.

Leaf Area Index (m? m~?)
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LaVENDAR

ATested technique for JULES at maize
crop in Nebraska, USA. Assimilating = _
leaf area index, canopy height and = ¢+ =
flux tower observations. U 0

A Pinnington, E., Quaife, T., Lawless, A., Williams, K., Arkebauer, T., &ntl I 1
Scoby, D.: The Land Variational Ensemble Data Assimilation
fRamework: LaVENnDAR, Geosci. Model Dev. Discuss.,
https://doi.org/10.5194/gmd201960, in review, 2019.

AOptimised 7 model parameters
controlling crop behaviour.

Almproved model estimate of crop
yield by 74% compared to

'LQQ 20 0

Independent observations.
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LaVENDAR

ATested technique for JULES at maize

crop in Nebraska, USA. Assimilating - _
leaf area index, canopy height and e A
flux tower observations. N

A Pinnington, E., Quaife, T., Lawless, A., Williams, K., Arkebauer, T., &ntl
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Scoby, D.: The Land Variational Ensemble Data Assimilation
fRamework: LaVENDAR, Geosci. Model Dev. Discuss.,
https://doi.org/10.5194/gmd201960, in review, 2019.

AOptimised 7 model parameters
controlling crop behaviour.

Almproved model estimate of crop
yield by 74% compared to

'LQQ 20 0

Independent observations.
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LaVENDAR

ATested technique for JULES at maize
crop in Nebraska, USA. Assimilating
leaf area index, canopy height and

%)

1 1.0
flux tower observations. 5
A Pinnington, E., Quaife, T., Lawless, A., Williams, K., Arkebauer, T., a@ 08
Scoby, D.: The Land Variational Ensemble Data Assimilation =
fRamework: LaVENDAR, Geosci. Model Dev. Discuss., = 06
https://doi.org/10.5194/gmd201960, in review, 2019. =
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AOptimised 7 model parameters g 04
controlling crop behaviour. 7 s
Almproved model estimate of crop £,
yield by 74% compared to X
Independent observations. S0 o g g e e e
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-
Continuing soil moisture work

AFurther developing technique for soil
moisture work over the UK on Hydro
JULES project.

ARunning JULES at 1 km resolution oveSasg
the UK. o b

AAssimilating satellite observations
from the NASA SMAP mission.

AValidate results using theosmicray
soll moisture monitoring network
(COSMOEIK) established by CEH.
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Assimilating SMAP at COSMOS site

AOptimising 8 soil
parameters for JULES.

ARunning 50 JULES
ensemble members with
varied parameter values.

AShowing mean and
spread (+f 1 A) for prior
and posterior (after DA)
JULES ensemble.
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