Institut Pierre-Simon Laplace (IPSL)

Sciences du climat et de I'environnement

Postdoctoral position offer: Optimization of the ORCHIDEE land surface
model over Europe for hydrological applications

The Institut Pierre-Simon Laplace (IPSL) offers an 18-months post-doctoral position to optimize the
IPSL land surface model ORCHIDEE over Europe, and better answer the needs of applied research
projects and climate services focused on hydrology.

Context:

Water resources are crucial for many stakes (socio-economical activities like agriculture, hydropower
generation, drinking water production, tourism; preservation of water-related ecosystems in rivers,
wetlands, and even drylands), which are likely to enter in conflict if water becomes limiting. This is already
the case in severely water stressed regions, and water related problems are anticipated to develop in many
areas of the world including Southern Europe, because of increasing anthropogenic pressures [1,2,3]: direct
withdrawals from human settlements (for agriculture, industry, drinking water) and climate change
(following an overall “dry gets drier, wet gets wetter” pattern). The wet get wetter trend is also related to
serious concerns about enhanced river flooding, in conjunction with sea level rise in coastal areas.

This worrisome context has motivated lots of research on the hydrological consequences of climate and
land-use changes (impacts, sometimes including adaptation or mitigation pathways), with a strong
support, in France, by the Ministry of Ecology: interdisciplinary research program “Gestion et impacts
du changement climatique” (1999-2016), with many projects focused on major river basins, often in
collaboration with public and private stakeholders [4,5,6]; nationally-coordinated program Explore2070
[7] focused on the water sector (2010-2012). This research work has been an important contribution to
regional adaptation networks (like AcclimaTerra, headed by Hervé Le Treut of IPSL), and official plans
for climate change adaptation in large river basins. In parallel, owing to more frequent water resource
problems because of climate change and other human activities, there is more and more demand for
precise hydrological projections from public or multi-national private companies (energy, water
distribution, insurance, etc.), in the framework of “climate services”, for which the European scale is
particularly interesting.

Hydrological projections classically involve validated hydrological or land surface models, up-to-date
climate projections, and bias-correction methods, often coupled with downscaling, in a way that is
mostly top-down, with offline impact models and no feedback from the land surface to the simulated
climate. Yet, there is a growing body of evidence showing that natural and human-induced land surface
water fluxes can influence past and future climate and water resources [1,8,9,10], as previously
demonstrated for the carbon flux processes [11,12]. These land surface water fluxes, usually overlooked
by operational hydrological models, include: soil moisture (SM) increase by capillary rise from
groundwater (GW) and river flooding, often in depressions and riparian wetlands, which are also the
place of significant focused GW recharge, especially in dry environments; surface water and GW
depletion, or sometimes exhaustion, by irrigation (38% of which is GW-fed globally); SM, GW, and
irrigation response to but also impact on mean climate and extreme events (droughts, heatwaves, floods),
via modifications of evapotranspiration, soil thermodynamics, and the properties of the atmospheric
boundary layer.

The IPSL land-surface model ORCHIDEE has been the bed of many developments to describe these
coupled hydrological processes, as well as other relevant processes related to the soil-vegetation-
atmosphere continuum. The proposed research aims at gathering these developments in a unique
version, to be calibrated over Europe using detailed input datasets over space and time, in order to
describe efficiently the main signatures of climate and land-use changes (average patterns but also
decadal trends) and support attribution and projection activities, for both research and climate services.
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http://www.acclimaterra.fr/

Description of work:

The ORCHIDEE land surface model describes a wide range of interlinked land surface processes,
mostly natural but also human-induced, controlling the water, energy and carbon budgets of all terrestrial
ecosystems (boreal, temperate and tropical forests, croplands (wheat, maize, soy, and rice, with specific
irrigation rules), rangelands, wetlands and peatlands. It works at sub-hourly time steps, over grid-meshes
of variable resolution depending on the objectives and availability of input data. It can be used either in
stand-alone mode (using meteorological forcing datasets), or coupled with the IPSL climate model [13]
used in all CMIP (Coupled Model Intercomparison Project) exercises, or with the regional higher-
resolution atmospheric model WRF (Weather Research and Forecasting) used in the CORDEX regional
simulations [14]. It has been labeled as a French community code by INSU in 2019.

The ORCHIDEE code (in FORTRAN) is managed by a versioning software (svn), keeping track of all
modifications, and distinguishing a standard version (trunk) from thematic versions developed to
describe specific processes (branches). Many branches address separate hydrological developments
(improved soil properties [15], high-resolution routing scheme [16], flooding [17], wetlands and
groundwater [10], irrigation and dams [18,19]), and the first task will be to gather them in a
comprehensive version for hydrological applications.

The second task will be to run the corresponding simulation over Europe, and assess its hydrological
performances against observations, either hydrologic (river discharge, evapotranspiration, total water
storage from GRACE satellite, surface soil moisture, water table depth, irrigated volumes), or linked to
water stress (LA, terrestrial biomass, albedo). This will require to collect the validation data and build
the detailed input data for high-resolution long-term stand-alone simulations over Europe. The spatial
resolution is given by the meteorological forcing, which will be taken from high-resolution bias-
corrected reanalyzes over Europe, and the SAFRAN reanalysis over France [20]. The hired researcher
will also obtain and format up-to-date soil, hydrographic, land use and land management data to support
the best informed simulations. If necessary, new PFTs (plan, or surface, functional types) will be
parametrized, for instance for important French crops, or for urbanized areas (with reduced infiltration
capacity).

The third task will address the calibration of the corresponding application, based on existing parameter
sensitivity analyses, and using the ORCHIDAS data assimilation tool, developed at LSCE, for parameter
optimization [21,22]. This work will target the evaluation variables that are worst-captured at second stage.

In terms of calendar, each task should be manageable in 6 months, if the hired researcher is experienced
enough with ORCHIDEE or similar land surface models. Timely reports will be produced for the IPSL
reporting.

Expected skills:

PhD in hydrology or land surface modelling

Programing & Unix environment (fortran, shell, svn, post-processing software like python or R)
Background in statistics, data processing (netcdf, geographic information systems)

Strong teamwork skills (communication & collaborative work)

Fluency in English (oral and written), French appreciated

Scientific writing skills for reports and scientific papers

Supervision team:

The work will lead to construct a version of ORCHIDEE tailored for hydrological applications. To
combine several existing developments and datasets, it will involve collaborations with many developers
of the ORCHIDEE group, at METIS (where the work will be mainly based), LSCE, and LMD, under the
supervision of Agnés Ducharne (METIS, leader of ORCHIDEE’s hydrological developments), Philippe
Peylin (LSCE, leader of the ORCHIDEE group and coordinator of ORCHIDAS), and Jan Polcher (LMD,
high-resolution modelling leader). The work progress will regularly be presented at the ORCHIDEE group
meetings, and shared with the IPSL Climate Modelling Centre (supervised by Olivier Boucher, LMD).
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https://orchidee.ipsl.fr/about-orchidee/
https://orchidas.lsce.ipsl.fr/

Duration, location, and salary:

The post-doctorate will be recruited for 18 months at METIS (Sorbonne Université, Paris) with a net
monthly salary around 2000 euros for early doctors, commensurate with experience. This includes social
services and health insurance.

Contact and deadline for application:

Applications will be considered until December 18", 2020, and should include a vita, a statement of
research interests, and the names of at least two references including e-mail addresses and telephone
numbers. Applications should be submitted by e-mail to Agnés Ducharne (agnes.ducharne@upmec.fr).
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