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Land surface modelling advances
Themes
-ECLand further progress on the land-landcover calibration (from Boussetta et al. 2021) & cold processes
*SnowML5 combined with a frozen soil revision improves permafrost (Cao et al. 2022) & river discharge
«IFS-urban including residential anthropogenic CO2 ready for implementation (McNorton et al. 2022)
*49r1 candidate for New land reanalysis (C3S) & CO2 monitoring (Land-Use & Leaf Area Index)

*River hydrology soon to be coupled with |FS forecasts for hydrometeorological applications
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Changes in the land use land cover maps based on the C3S/ESACCI products

Effective vegetation cover difference
(operational-GLCCv1.2 - ESACCI-V4)
Operational GLCCv1.2 Vegetation Types New ESACCI-V4 Vegetation Types ecvl ctr-v4
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from v0 to v4 attempting to improve scores (initially in 2T/2D).
« Compared to current operational (GLCCv1.2) maps, the introduction of ESA-CCI
maps is characterised by a decrease in the high vegetation cover and an increase
in the low vegetation.
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Does improved vegetation data lead to better prediction?

Point optimization with the OSM based on a Global evaluation with satellite based LST
simplified version Broyden-Fletcher-Goldfarb-
Shanno heuristic minimization algorithm.
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2T/2D Gilobal evaluation through fc experiments
initialised with corresponding OSM, with reference
to operational analysis experiment

Change in RMSE for MAM 2m temperature fc when using
the new ESACCI LULC with oper anaIyS|s as reference
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Although point simulation/evaluation is very useful especially for process understanding global evaluation
through synop observation and 4dvar are essential as areas with same LU (thus same model parameters)
would differ for several reasons (different climate, different interaction type with the upper atm. ..)

—0.5

—1.0 1

spring

summer

autumn

winter

STRATIFY

T
2

T T
9 10 1 13 16 17
low vegetation type

forecasts experiments
based on the new v4
LULC/LAI maps (red) for
2019



A multi-layer snow scheme for the IFS in cycle 48r1 (Operational in Spring 2023)
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What's next ?

Other sail levels

New multi-layer snow scheme:
» Active in cycle 48r1
Intermediate complexity:

« No microstructure
5-layer snow scheme
Prognostic liquid water content
Improved snow physics

» Targeted for cycle 49r1

"™ New forest-snow albedo leveraging the new ESA-CCI land-use maps

4+ Make use of MODIS monthly forest albedo + open-area snow-albedo

‘*4#7°¥ . Avoid using look-up table values for the albedo of snow-forest areas




Snow cover impact of new land-use & new snow-forest albedo (bias diff 2010-2018)
CTL (snowML+clim.v020)

Bias snow cover hpo9-ims, 2010-05 to 2018-05
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U pd ates fo r 49 r1 - Sn ow and T2 m Change in RMS error in Z2T (snow_t2mStable — CTL) 02

2-Dec-2020 to 28-Feb-2021 from 158 to 177 samples. Verified against own-analysis.
No statistical significance testing applied

T+24

Updated snow and frozen soil params (with Ervin): Analysis, DJF, CTL vii
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« Improved river discharge in permafrost (Zsoter et al., 2022)

0.1

* Improved permafrost extent (Cao, Arduini and Zsoter, 2022
Permafrost extent from obs (cyan) and model (green)
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oward simulating floods & inundations in ecLand and in the IFS

» Coupling within the IFS is ongoing to
permit forecasting river floods

e
ECLand + CaMA-Flood

| R

« Improved surface code efficiency
allows for increased resolution and

complexity ERALand prototype (4.5km) including river _
Discharges candidate for land reanalysis ) £
» Coupling river discharge to the top soil P _
in future high resolution land reanalysis .{"

P N
— R
w

, , , 5-day Forecast for ;/Vér d/scﬁér é'?&\ inundated
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Thanks to Margarita Choulga

Lake cover temporal upgrade

Lake cover fraction 63912 (~31 km resolution) CLIMATE.vO015
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CLIMATE.v015 (water) main source GlobCover
2009 ecosystem map (nominal resolution 300 m,
2009); corrected over Iceland and polar regions.

CLIMATE.v020 (permanent water) main source
JRC Global Surface Water Mapping Layer v1.2
water transition map (nominal resolution 30 m,
1984-2018); corrected over glacier regions.

CLIMATE.v020+monthly (permanent + seasonal
water) main source in addition JRC Monthly Water
History v1.3 monthly maps (nominal resolution

30 m, 2010-2020); fraction 2 permanent water.

Up-to-date yearly and monthi

Lake cover fraction difference 63912 (~31 km resolution) CLIMATE.v020 Month=01
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Collaboration with

lake cover from 30m data source
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Machine learning using ERA5 & MODIS Tskin + different climate fields

Collaboration with
Oxford University
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Residential CO, emissions
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Introduction of CO, residential emissions model Pasadena

(MEHDNI) based on heating-degree-days and urban cover.

Compares well with existing heating degree day models,
improving temporal resolution of CAMS product (top-left).

Results agree well with gas consumption data (top right).

When simulated in IFS, MEHNDI improves CO,
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Anthropogenic CO, emission yearly gridded uncertainty per group
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NB! In case of substantial amount of grid cells with small emissions (e.g. when distributed according to population density, rather than allocated sources) this
may cause unrealistically high values for normalized standard deviation per grid cell (main problematic countries are China, Russia, USA, Canada).

CO, emissions refinement needed for DA applications (CO2MVS).




Coupled trajectory Coupled land-atmosphere assimilation
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Preparation of next generations of

[ Coupled trajectory O J C3S reanalysis systems.
- Global: ERA6-Land and ERA7
- Regional and Arctic: CERRAZ2,
4 v CERRA-Land, CARRA3, CARRA-
— 3 Land, and beyond

Y Further reading on coupled assimilation (QJRMS

2022): https://doi.org/10.1002/qj.4330

Coupled short forecast




SWE averaged in the NH (ERAD5)

Snow DA in the land SEKF |
— 1991-2004
°% N —— 2004-2021

*Snow DA now available in the offline land SEKF LT 20m5

— with ESA CCI snow cover (1982-2018) or IMS (2004-)

Some issues with ERA5 snow

— Inconsistency around 2004 (with or without IMS) - e I v

— Discontinuity in 2014/15 SWE averaged in the NH (Offline LDAS)
0.06 |

— Excessive snow on the Tibetan Plateau (See slide 4) —— 2000-2004

= —— 2004-2018
/7~ \ |——2014/15

0.04+

*More consistent around 2004 and 2014 in the offline LDAS
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Thanks to Kenta Ochi
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Snow data assimilation with the new multi-layer snow scheme
Winter, 47r1.3, Tco399L137; 3 months analysis (DJF 2019/2020)
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Soil temperature and snow temperature analysis:
EDA-based computation of Jacobians

*Analysing Jacobians between control variables (snow and multi-layer soil
temperature) and screen-level variables (2-m temperature and 2-m relative humidity)

Jacobians T2m_Tsnow 2022053118
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Thanks to Christoph Herbert
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Importance of consistent time > SMOS multi-year monitoring
« Monitor latest re-processed v724 SMOS L1C Tbs against stable ERA5 reference from 2010 to 2021
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First-guess departure statistics for SMOS h polarisation 40 incidence angle

—— All Mean O-B

—-=—=~ All Stdev O-B

——— No RFI Mean O-B
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—-==- Bias corr No RFI Stdev O-B

[ Bias correction effect [
remains ~constant
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Seasonal biases
successfully removed

Thanks to Pete Weston

Key take aways for Tb assimilation:

— Improved RFI screening ( v blue)

~ Newly degelqpesAIFOrLation RRHQmS, SnsIsintiv dre e 2 o°)

— Data aualitv is consistent over entire lifetime (after RFIl screenina) — potential assimilation into future reanalvses
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Summary

> Coupled Land-Atmosphere modelling & assimilation at ECMWF for operational NWP and future
generations of reanalyses > NWP, Copernicus Services, and high-resolution Destination Earth
(de Rosnay et al., 2022)

» ECLand summarise the ongoing modelling efforts (Boussetta et al., 2021), plus improved river
discharge in permafrost (Zsoter et al., 2022) permafrost extent (Cao, Arduini and Zsoter, 2022)

> Relevance and strong impact of interface observations such as snow depth and soil moisture

> Development of unified land data assimilation has started

> Next steps for stronger coupled data assimilation approach and forward operator developments

S ECMWF
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