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Environmental Physics Laboratory (EPhysLab)
Whatis EPhysLab?

@ Itis a multidisciplinary research group
of the University of Vigo, established
in 2002.

@ Itis formed of researchers in both
Atmospheric and Oceanic Physics,
and Computer Engineering

W/

Environmental | Physics | Laboratory

@ Itis a “Competitive Reference Group
of the Xunta de Galicia” since 2006. EP hyS La b

The EPhysLab group during the last decades has put its effort and resources to
understand better the source-sink moisture relationships around the globe and the

meteorological systems involved.
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Researchers focussed on the hydrological cycle and atmospheric processes

https://ephyslal
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vigo.es/moisturetransport/index.php/Grou
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@ 3 Senior Researchers
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c6n, Post-Doc Scientist EPhysLab-UVigo , now at CGUL-IDL, University of Lisbon.
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10-Sotelo, Post-Doc Student at EPhysLab-UVigo.

0, Ph.D. Student at EPhysLab-UVigo.

0, Ph.D. Student at EPhysLab-UVigo.
Ph.D. Student at EPhysLab-UVigo.

Ph.D. Student at EPhysLab-UVigo.

o YiyingWai
« JakobErns

Former Collaborators:

« Dr. Ricardo M. Trigo, Senior Scientist at University of Lisbon, Portugal.
ta Drumond, Senior Post-Doctoral Researcher at USP, Sao Paulo, Brazil.
« Dr. Alexandre Ramos, Senior Scientist at Karlsruhe Institute of Technology (KIT), Germany.
1 sesada, Senior Scientist at Costa Rica University, Costa Rica
Senior Scientist, EPhysLab-UVigo.
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Main research topics

Main research topics
https://ephyslab.uvigo.es/moisturetransport/

@ Meteorological systems

@ Global moisture sources

© Regional moisture sources

@ Drougths and extreme precipitation

@ Moisture sources in the future
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Main research topics
https://ephyslab.uvigo.es/moisturetransport/

@ Meteorological systems

@ Global moisture sources

© Regional moisture sources

@ Drougths and extreme precipitation

(5] Moisture sources in the future

EPhysLab has also led reviews on mois

Gimeno L, Stohl A, Trigo RM, Dominguez F, Yoshimura K, Yu L, Drumond A, Durdn-Quesada AM, Nieto R (2012),
Oceanic and terrestrial sources of continental precipitation, Rev. Geophys., 50, RG4003, doi:10.1029/2012RG000389
Gimeno L, V'azquez M, Eiras-Barca J, Sori R, Stojanovic M, Algarra |, Nieto R, Ramos AM, Duran-Quesada AM,
Dominguez F (2020) Recent progress on the sources of continental precipitation as revealed by moisture transport

analysis, Earth Science Reviews 201 https:/doi.org/10.1016/j.earscirev.2019.103070

Gimeno,L., Eiras-Barca, J., Durdn-Quesada, A.M., Dom’inguez, F., van der Ent, R., et al. (2021) The residence time of
water vapour in the atmosphere, Nature Reviews Earth & Environment. https://doi.org/10.1038/s43017-021-00181-9
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Research topics: Lagrangian models

Lagrangian models

The trajectory-based (Lagrangian) methods have been widely used in EPhysLab
to investigate the atmopsheric moisture transport

FLEXPART-ERA-I FLEXPART-ERAS FLEXPART-WRF

FLEXPARTV9.0

2 million air parcels

Global simulations

Period: 1980-2018

Input H resolution: 10
Input V resolution: 61 levels
Output: binary files

FLEXPARTv10.4

30 million air parcels

Global simulations

Period: 1980-2023

Input H resolution: 0.59
Input V resolution: 137 levels
Output: binary files

FLEXPART-WRFv3.3.2

Depending on WRF config
Regional simulations
Depending on the study goals
Input H resolution: WRF
Input V resolution: WRF
Output: binary files
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Lagrangian moisture tracking approaches

Lagrangian moisture tracking approaches

They are based on the Lagrangian water budget equation from Stohl and James (2004,2005)

@ From Stohl and James (2004, 2005)

Considering the (e - p) contribution from all particles at every grid
position, the total surface freshwater flux can be computed

P
E_p= lii(e—Pk
A

@ E- P > 0 Source region
@ E- P < 0 Sink region

Stohl, A., and P. James (2004). Journal of Hydrometeorology, 5(8),
656-678. https://doi.org/10.1175/1525-
7541(2004)005<0656:ALAOTA>2.0.CO;2

Stohl, A., and P. James (2005). Journal of Hydrometeorology, 6(12),
961-984. https://doi.org/10.1175/JHM470.1

cal

@ From Sodemann et al. (2008)

The precipitation en route is discounted
from all previous moisture uptakes

, Aa
AQ=A Qi+ AQiPT G

A
K=tend qk

By amassing the final moisture changes of
all the parcels over the area A, the total
moisture uptake (MU) was estimated

PN r
M 1 29k

A

MU =

(2008). Journal of Geophysical Research,

Sodemann, H., C. Schwierz, and H. Wernli
113, D03107, doi:10.1029/2007JD008503.
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Moisture tracking tools

TRansport Of water VApor
Tracking approaches

e TROVA

It is developed in Python and Fortran
to study moisture sources and sinks

y ‘ @ Stohl and James (2004, 2005) -
TRansport Of water VApour forward and backward mode

@ Sodemann et al. (2008) -
Modified threshold values

Femandez-Alvarez, J.C.; Pérez-Alarcon, A.; Nieto, R.; Gimeno, L. (2022). TROVA: TRansport Of water VApor. SoftwareX, 20,
101228, https://doi.org/10.1016/j.s0ftx.2022.101228
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Moisture tracking tools

- esadilmes
Moisture tracking tools

Lagrangian Atmospheric
moisTure and heaT trackINg

Tracking approaches

e TROVA It is developed in Python and Fortran
e LATTIN to study moisture sources and sinks

@ Stohl and James (2004, 2005)
backward mode

@ Sodemann et al. (2008)
@ Freme and Sodemann (2019)
@ Keune et al. (2022)

©@ P’erez-Alarc’on et al. (2022)

It also includes heat tracking
approaches

Lagrangian Atmospheric moisTure and heaT trackINg

Pérez-Alarcdn, A.; Femandez-Alvarez, J.C.; Nieto, R.; Gimeno, L. (2024). LATTIN: A Python-based tool for Lagrangian
atmospheric moisture and heat tracking. Software Impacts, 20, 100638. https://doi.org/10.1016/j.simpa.2024.100638
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Resulting datasets

Resulting datasets

(a) Annual optimum integration time

@ A database of Optimal
Integration Times for Lagrangian
studies of atmospheric moisture
sources and sinks

B ]
12345 678 910 1112131415
days for optimal integration

Nieto, R., Gimeno, L. (2019) A database of optimal integration times for Lagrangian studies of atmospheric moisture sources and
sinks. Sci Data 6, 59. https://doi.org/10.1038/s41597-019-0068-8

] o/ 24



Resulting datasets

@ A database of contributions of
major oceanic and terrestrial
moisture sources on continental
daily extreme precipitation

Resulting datasets

Specifications Table
Subject Climatology
Extreme tat .
Typeofdata  NetCDF data fles
How datawere  Post-processing of the FLEXPART Lagrangian particle dispersion model outputs
acquired
dataformat  analysed

Parameters for

3D (time, longitude, latitude)) (| — P < 0]) data with 0.5°x0.5" horizontal

Description of
data collection
Data source
location

Data
accessibility
Related research
article

! for the periad atevery grid

point only the Peak Precipitation Month.

The data was obtained by post-processing FLEXPART model global outputs,

Institution: University of Vigo
City/Town|Region: Ourense
Country: Spain

ECMWE ERA-Ints
(https:] »
)

With the article and in http:/[dx.doi.org] 10.17632/kgvsvx77hs.1 2

Vizquez M., Nicto R, Liberato M.LR, Gimeno L. (2020) Atmospheric moisture

ted with
month. Weather and Climate Extremes, 30, 100,289
hitps://doi.org/10.1016/j.wace.2020.100289 »

Vazquez M., Nieto, R., Liberato, M.L.R., Gimeno, L. (2021) A data base of contributions of major oceanic and terrestrial
moisture sources on continental daily extreme precipitation, Data in Brief, Vol. 35, 106830.

https://doi.org/10.1016/j.dib.2021.106830
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Resulting datasets

Resulting datasets

version 2 = X

Pubished September 6, 202¢

@ A database of Global S
FLEXPART-ERA5 Simulations flobal FLEXPART-ERAS simulations using 30 I'nl|‘|ll

ion atmospheric parcels since 1980

using 30 million atmospheric i
H Abstract
parcels since 1980 .
Input data

Software and running

EXPART on version 101 (Pisso et al 2015). The sofare s contgured for a global

" Fortne expermert

LEASES fis.

Vazquez, M., Alvarez-Socorro, G., Fernandez-Alvarez, J. C., Nieto, R., & Gimeno, L. (2024).
Global FLEXPART-ERAS simulations using 30 million atmospheric parcels since 1980 [Data
set]. Zenodo. https://doi.org/10.5281/zenodo.13682647
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Primary result

180w 120w ow T o 1206 1806
NPAC CAR NATL MED SPAC SATL AMAZ CONGO AGU IND CORAL RED ZANAR

moisture sources I:H::
moisture sinks [N | L NN\ |

@ This study was highlighted as one of the most important geophysical papers
published in 2010 by the AGU (3rd August EOS issue), and a feature paper
of EOS was published (Gimeno et al., 201 1) by invitation of the editors.

Gimeno et al. (2011). A Close Look at Oceanic Sources of Continental Precipitation, Eos, 92(23), 193-200
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Results

EPhysLab has investigated...

‘Weather and Climate Extremes

ELSEVIER [ r——

»
==

@ extreme precipitation events

ﬁl\ﬂ'

Where does the link between atmospheric moisture transport and extreme
precipitation matter?

Luis Gimeno-Sotelo, Luls Gimeno

e e

NH Winter

EFan= 2w

el e (i 2 o, 2017, fo . regona sl et

Spatial patterns of the significant values of the estimated
coefficient that represents the influence of IVT on
maximum precipitation according to the GEV analysis (95% -

confidence level), for Northern Hemisphere Winter T
(December—February) for the period 1981-2020.

-

Gimeno-Sotelo, L., & Gimeno, L. (2023). Where does the link between atmospheric moisture transport and extreme precipitation
matter?. Weather and Climate Extremes, 39, 100536.
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Results

EPhysLab has investigated...

@ extreme precipitation events

PERC CONTRIBUTION EXTR

SN

E

[

[

3N

SN

IS0 ASPW I2PW  9EW W 30W " 3CE GIPE 9E_ IWPE_ISE_ 180

] s 10 15 20 25 30

Percentage of contribution from the preferred moisture
source for extreme events.

M. Vazquez, R. Nieto, M.L.R. Liberato, L. Gimeno (2020) Atmospheric moisture sources associated with extreme precipitation
during the peak precipitation month, Weather and Climate Extremes, Vol. 30, 100289; DOI:
https://doi.org/10.1016/j.wace.2020.100289
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Results

EPhysLab has investigated...

@ extreme precipitation events
LINKING ANOMALOUS
@ occurrence of droughts MOISTURE TRANSPORT AND

DROUGHT EPISODES IN THE
IPCC REFERENCE REGIONS

e Do e S, Rucus N, S Mt Vo s, 1 Ls G

Drumond, A., Stojanovic, M., Nieto, R., Vicente-Serrano, S.M., Gimeno, L. (2019) Linking Anomalous Moisture Transport and
Drought Episodes in the IPCC Reference Regions, Bulletin of the American Meteorological Society, 10(8), 1481-1498.
https://doi.org/10.1175/BAMS-D-18-0111.1
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Results

EPhysLab has investigated...

nature water 3

Anticle htpsdJdo ora01038/444221023.001024

Unravelling the origin of the atmospheric
moisture deficit thatleads to droughts

extreme precipitation events

Recaived.1May 2023 Luis Gimeno-Sotelo®", Rogert Sori ', Raquel Nieto®,

‘Accepted:21Docember 2023

@ occurrence of droughts

02 St

andenvironmentalimplications.

wgiventime.The loca humidiy
i

Noturevterolume 2| March 2024/282.253 P

Gimeno-Sotelo, L., Sori, R., Nieto, R. Vicente-Serrano S. and Gimeno L. Unravelling the origin of the atmospheric moisture deficit
that leads to droughts. Nat Water 2, 242—253 (2024). https://doi.org/10.1038/s44221-023-00192-4
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La importancia de los déficits de transporte de humedad en
la ocurrencia de sequias meteorolégicas

Probabilidades condicionales de ocurrencia de sequia dados déficits de
contribucién a la precipitacion de origenes oceanico y terrestre
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Gimeno-Sotelo, L., Sori, R., Nieto, R., Vicente-Serrano, S. M., & Gimeno, L. (2024). Unravelling the origin of the
18

atmospheric moisture deficit that leads to droughts. Nature Water, 2, 242-253. https://doi.org/10.1 4221-023-00192-4
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La importancia de los déficits de transporte de humedad en
la ocurrencia de sequias meteorolégicas

Areas de dominancia para la ocurrencia de sequias
meteorologicas de las principales fuentes de humedad del planeta

NPAC CAR NATL MED SPAC SATL AMAZ CONGO AGU IND CORAL RED ZANAR

sources [T I NN NN [ 1]
Areas of dominance Il I | NN

- >

01 015 0.2 025
Conditional probability

Gimeno-Sotelo, L., Sori, R., Nieto, R., Vicente-Serrano, S. M., & Gimeno, L. (2024). Unravelling the origin of the

atmospheric moisture deficit that leads to droughts. Nature Water, 2, 242-253. https://doi.org/10.1038/s44221-023-00192-4
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La importancia de los déficits de transporte de humedad en
la ocurrencia de sequias meteorolégicas

Zonas de alta probabilidad de sequia asociada a déficits de contribucion a la
precipitacion de las principales fuentes de humedad del planeta

— i L NSNS

NPAC  CAR NATL MED SPAC SATL AMAZ CONGO AGU IND CORAL RED ZANAR

Gimeno-Sotelo, L., Sori, R., Nieto, R., Vicente-Serrano, S. M., & Gimeno, L. (2024). Unravelling the origin of the

atmospheric moisture deficit that leads to droughts. Nature Water, 2, 242-253. https://doi.org/10.1038/s44221-023-00192-4 20
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La importancia de los déficits de transporte de humedad en
la ocurrencia de sequias meteorolégicas

Potencial del transporte de humedad en la predictibilidad de sequias

Drought probability
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SPIc SPIc SPIc

0 Extreme drought o Severedrought o Moderate drought o Mild drought  © No drought

A Peak of a well-known drought event: 05/1988 for CENA, 07/1988 for SESA
and 11/2011 for EEur

Gimeno-Sotelo, L., Sori, R., Nieto, R., Vicente-Serrano, S. M., & Gimeno, L. (2024). Unravelling the origin of the

atmospheric moisture deficit that leads to droughts. Nature Water, 2, 242-253. https://doi.org/10.1038/s44221-023-00192-4 21
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Weather Systems

EPhysLab has also investigated the moisture transport mechanisms associated with
different weather systems

BON
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Major mechanisms of moisture transport at the global scale [from Gimeno et al. (2020)]

@ Atmospheric rivers @ Low Leveljets @ Tropical Cyclones

@ Monsoons @ Extratropical and Subtropical cyclones

Gimeno et al. (2020) Recent progress on the sources of continental precipitation as revealed by moisture transport analysis,
Earth Science Reviews 201 https://doi.org/10.1016/j.earscirev.2019.103070
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The list of articles related with these studies can be found

https://ephyslab.uvigo.es/moisturetransport/index.php /Meteorological systems

Moisture Transport: from Evaporation to Precipitation

Home Group Publications  Researchtopics~  Data, Catalogs& Software ~ ComputingResources  Links  News &Press

Meteorological systems

= Related Research Project: LAGRangian analysi Impact on the global hydrol; of the Major Mechanisms of At eric Moisture Transport (LAGRIMA)

Atmospheric Rivers (ARs), Low-Level Jets (LLJs), Cyclones (tropical, ical and ical) and regimes are the major mechanisms in the atmospheric
moisture transport, carring large amounts of moisture from certain regions of the planetto omers

In order to understand these mechanisms as well as their impact in the sink regions, which is particularly impertant for the further analysis of climate change seenarios, the
correct identification of moisture sources is essential.

Mainly, but not exclusively, the Lagrangian model FLEXPART, in its different versions, will be used for the identification and further analysis of moisture sources related to these
mechanisms.

Below, you can find some works (not all) published by our group for different mechanisms {complete list in Publications).

Atmospheric Rivers (ARs) | Low-Level Jets (LLJs)
Tropical Cyclones (TCs) | Extratropical and Subtropical cyclones

Monsoons

] 12/ 24
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_ Weather Systems and Mechanisms: Atmospheric Rivers
Weather Systems and Mechanisms: Atmospheric Rivers

@ Femandez-Alvarez et al. (2023)
@ Algarra et al., (2020)
© Ramos et al., (2016)

JGR Atmospheres

<~

naire

Significant increase of global anomalous moisture
uptake leedmg \andlal\mg Atmasphenc Rivers

perspective

s MN? Ag‘_ﬁé"ézz

T WE WE WE WE GE WME IGE T M W W W W e o

Femandez-Alvarez, J.C., Pérez-Alarcon, A., Eiras-Barca, J., Ramos, A.M., Rahimi-Esfarjani, S., Nieto, R., Gimeno, L. (2023)

Changes in moisture sources of atmospheric rivers landfalling the Iberian Peninsula with WRF-Flexpart, Journal of -Geophy-sical
Research: Atmospheres, doi: 10.1029/2022JD037612

Algarra, |., Nieto, R., Ramos, A.M., Eiras-Barca, J., Trigo, R.M., Gimeno, L. (2020). Significant increase of global anomalous

moisture uptake feeding landfalling Atmospheric Rivers, Nature Communications 11, 5082,
https://doi.org/10.1038/s41467-020-18876-w

Ramos, A.M., Nieto, R., Tomée, R., Gimeno, L., Trigo, R.M., Liberato, M.L.R., Lavers, D.A. (2016) Atmospheric rivers moisture
sources from a Lagrangian perspective, Earth System Dynamics, 7, 371-384
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_ Weather Systems and Mechanisms: Nocturnal Low Level Jets
Weather Systems and Mechanisms: Nocturnal Low Level Jets

Atmospheric Research E

Global climatology of nocturnal low-level jets and associated moisture %)
sources and =

@ Algarra et al. (2019)
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Key Points

@ |tis provided the location of the main moisture sinks and sources

associated with each LLJ. Algarra, |., Eiras-Barca, J., Nieto, R,,
@ Changes between days of jet and no-jet are reported geographically Gimeno, L. (2019) Global climatology of
in terms of evaporation and precipitation. nocturnal low-level jets and associated
@ . ) . . . moisture sources and sinks, Atmospheric
A brief appointment is done in terms of water scarcity and the Research 229, 39-59.

association with the LLJs occurrence. doi:10.1016/j.atmosres.2019.06.016
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_ Weather Systems and Mechanisms: Subtropical Cyclones
Weather Systems and Mechanisms: Subtropical Cyclones

These studies are focused on the South Atlantic basin

The rare case of Hurricane Catarina (2004) over the South
10°S Atlantic Ocean: The origin of its precipitation through a
Lagrangian approach
20°s Atbenis 120 | Patrcia Coll Hidalgo' 20 | JoséC.
Ricardo M. Tigo®%0 | Raguel Nieto's  Luis Gmeno'
30°S [
40°S
Quantifying the related precipitation and moisture sources
50°5 in the lifecycle of subtropical cyclones in the South

Atlantic basin

Albenis Pérez-Alarcon'20 | Patricia Coll-Hidalgo'®
José C. FerndndezAl RogertSori'® | Rosmeri Porfirio da Rochat® |
Michelle Simacs Reboita® | Raquel Nieto'® | Luis Gimeno'o

Pérez-Alarcon, A. et al. (2023). The rare case of
Hurricane Catarina (2004) over the South Atlantic
i Ocean: The origin of its precipitation through a
Key Points Lagrangian approach. Q. J. R. Meteorol. Soc., 149
The analysis highlights the role of external sources in moisture (752), 1038-1055. doi:10.1002/qj.4452

support. Pérez-Alarcon, A. et al. (2024). Quantifying the
~42 %47 % of the moisture that reached the SCs precipitates related precipitation and moisture sources in the

. . . . lifecycle of subtropical cyclones in the South
The northwestern SAO is the principal moisture source for SCs, with Atlantic basin. Q. J. R. Meteorol. Soc., 150(762),

a quasi-constant contribution along the year. 2765-2782. doi10.1002/1.4734
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Weather Systems and Mechanisms: Tropical Cyclones

Moisture sources for tropical cyclones has been investigated in each of the ocean basins
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Weather Systems and Mechanisms: Tropical Cyclones

Impacts of troplcal cyclones on the gIobaI water budget

TR L

opical cyclones on the global water budg
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Annual global TC-related surface freshwater flux (SFWF)and the
dashed red line shows its statistically significant (p<0.05)

Pérez-Alarcon, A., Coll-Hidalgo, P., Fernandez-Alvarez, J.C. et al. Impacts of tropical cyclones on the global water budget.
npj Clim Atmos Sci 6, 212 (2023). https://doi.org/10.1038/s41612-023-00546-5
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Weather Systems and Mechanisms: ExtraTropical cyclones

Moisture sources for extratropical cyclones has been investigated in the North Atlantic
ocean basin
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08 o Moisture uptake for a radius target
region over the entire lifecycle,ranging
ETC shape modelling for the EC02902 case on February 8, 2002, from March 21 at 0600 UTC to March
at 1200 UTC over the North Atlantic (NATL) basin. 27 at 0000UTC

Coll-Hidalgo, P., Gimeno-Sotelo, L., Fernandez-Alvarez, J.C. Nieto, R. and Gimeno, L.. North Atlantic Extratropical Cyclone Tracks
and Lagrangian-Derived Moisture Uptake Dataset. Sci Data 11, 1258 (2024). https://doi.org/10.1038/s41597-024-04091-5

Key Points

In this study, we present a database for North Atlantic ETC tracks and a Lagrangian-Derived Moisture Uptake Dataset, both of
which are derived from dynamically downscaled ERAS reanalysis data. We provide moisture parameters such as the total
moisture uptake and its vertical distribution by layer, and shapefiles of ETC structures, to facilitate further studies in this area.
Our data have been thoroughly validated to ensure that the storm tracks and their characteristics are accurately represented in
the model without distortion. Additionally, we conduct a series of experiments to demonstrate the rigour and quality of the
methods employed to generate the data.
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Other results from EPhysLab

Other results from EPhysLab

Several regional studies have also been performed.

Atmospheric moisture transport: the bridge between
ocean evaporation and Arc melting

e Polar Regions

Gimeno et al. (2015) Atmospheric moisture transport: the bridge between ocean evaporation and Arctic ice melting, Earth
System Dynamics, 2, 583-589. doi:10.5194/esd-6-583-2015

] 18/ 24


http://www.earth-syst-dynam.net/6/583/2015/
http://www.earth-syst-dynam.net/6/583/2015/
http://www.earth-syst-dynam.net/6/583/2015/
http://www.earth-syst-dynam.net/6/583/2015/
http://www.earth-syst-dynam.net/6/583/2015/
mailto:L.Gimeno(l.gimeno@uvigo.es
mailto:L.Gimeno(l.gimeno@uvigo.es
mailto:L.Gimeno(l.gimeno@uvigo.es
mailto:L.Gimeno(l.gimeno@uvigo.es
mailto:L.Gimeno(l.gimeno@uvigo.es

Other results from EPhysLab

Other results from EPhysLab

Several regional studies have also been performed.

e Polar Regions
e River basins

Sori et al. (2023) Oceanic and terrestrial origin of precipitation over 50 major world river basins: Implications for the occurrence
of drought, Science of The Total Environment, Vol. 859, Part 2; DOI: 10.1016/j.scitotenv.2022.160288
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Other results from EPhysLab

Other results from EPhysLab

Several regional studies have also been performed.

Moisture Sources for Continental Climatic Regions (CCRs)

Items Moisture Sources for Continental
Climatic Regions (CCRs)

@ Polar Regions
e River basins I e

(2010), 0 herein named MKRs

e Moisture sources for
Continental Climate Regions

{OMOGENOUS CURRENT CLIMATE) defined by Giorgi and

(s,

Contact: mieta@uvigo.es

Nieto et al. (2014), A catalog of moisture sources for continental climatic regions, Water Resour. Res., 50, 5322-5328,
doi:10.1002/2013WR013901.
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Other results from EPhysLab

Other results from EPhysLab

Several regional studies have also been performed.

Vegetation Greenness Sensitivity to Precipitation and Its
Oceanic and Terrestrial Component in Selected Biomes and
Ecoregions of the World

@ Polar Regions
@ River basins

@ Moisture sources for
Continental Climate Regions

Ecoregions

Stojanovic et al. (2023) Vegetation Greenness Sensitivity to Precipitation and Its Oceanic and Terrestrial Component in Selected
Biomes and Ecoregions of the World, Remote Sensing, 15 (19), 4706. https://doi.org/10.3390/rs15194706

] 18/ 24



Moisture sources in the future

Investigating future changes in moisture
sources contributions has been

addressed for the first time in EPhysLab
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nature communications 3

Projected changes in atmospheric moisture
transport contributions associated with
climate warming in the North Atlantic

Stofan Rahii”, Raquel Nieto®" & Luis Gimono®"
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Moisture sources in the future

Moisture sources in the future

Investigating future changes in moisture
sources contributions has been

addressed for the first time in EPhysLab

@ FLEXPART-WRF has been used
to simulate future changes in
moisture transport contributions
in the North Atlantic in the
context of global warning

Femandez- Alvarez, J.C.; Pérez-Alarcon, A,;
Eiras-Barca,J.; Rahimi, S.; Nieto, R.; Gimeno, L. (2023).
Projected changes in atmospheric moisture transport
contributions associated with climate warming in the
North Atlantic. Nature Communications volume, 14,
6476. https://doi.org/10.1038/s41467-023-41915-1
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Moisture sources in the future
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Scientific results linked to moisture transport

EPysLab in numbers

Scientific results linked to moisture transport

Moisture Transport: from Evaporation to Precipitation

the

Gver of g

@ Doctoral Thesis: 11
@ Master Thesis: 3
e Publications: 161

Gimeno L. Sthi A Tio RM, Domingue F Yeshimura K. Y L Drumond A, Dot Quesada AM, Nito R (2012),Ocearic ad terestril sorces of

https://ephyslab.uvigo.es/moisturetransport,
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Research Projects

All of the EPhysLab studies has been associated with research projects

@ Present and future climate humidity transport over Central and South
America: Mechanisms, extremes and attribution of changes. Funded by
Xunta de Galicia (Grant: ED431F-2024/03), Spain

@ High-resolution assessment of North Atlantic moisture transport in current
climate and CMIP-6 future projections. Funded by Ministerio de Ciencia,
Innovaci‘on y Universidades (Grant: PID2021-1223140B-100), Spain

@ LAGRangian analysis of the Impact on the global hydrological cycle of the Major
Mechanisms of Atmospheric Moisture Transport (LAGRIMA). Funded by
Ministerio de Econom’iay Competitividad. (Grant: RTI2018-095772-B-100), Spain

@ Moisture Tranport (TRAMO). Funded by Ministerio de Econom’iay
Competitividad. Spain.

@ Droughts and Moisture Transport (SETH)
@ Moisture Sources for Continental Climatic Regions (CCRs)

@ Atmospheric moisture transport, the bridge between ocean evaporation and Arctic
Sea ice melting (EVOCAR)
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Analisis lagrangiano de transporte de calor

Identificaciéon Lagrangiana de las fuentes de calor sensible

Método propuesto por Schumacher
ADSE>0

 %5p0)
-18h

ADSE>0 ADSE<0
-6h

EEEEEREER [AAMAAARR) iiﬁiiiiﬁi
RAAAR F R X(1)

\

Figura. Representacion esquematica tridimensional de |a trayectoria de una particula
atmosférica. DSE: Energia estatica seca

® | as parcelas de aire que residen en la capa limite (PBL) en laregion
de interés fueron seguidas hacia atras en el tiempo hasta 10 dias.

® | as fuentes de calor sensibles se identifican entonces cuando la
energia estatica seca (DSE) de la parcela aumenta en mas de 1 kJ en
un intervalo de tiempo de 6 horas dentro de la PBL a lo largo de su
trayectoria.

® Como las pérdidas de calor (es decir, enfriamiento) pueden ocurrir
antes de que la parcela llegue a la region objetivo, descontamos
proporcionalmente la pérdida a todo el calentamiento anterior.

La distribucion espacial de las N

mY ,_, ADSE,
fuentes de calor sensible se SHF = M
estima finalmente como: A


Notas del ponente
Notas de la presentación
(Also called the Montgomery streamfunction.) A thermodynamic variable similar to potential temperature, except that the concept of static energy assumes that any kinetic energy is locally dissipated into heat.�The amount of this dissipative heating is often negligible. When dry static energy, s, is expressed in units of kJ kg-1, the resulting values are of order 300 kJ kg-1, which reinforces the analogy with potential temperatures in units of Kelvin. Dry static energy is conserved during unsaturated vertical and horizontal motion, and is defined as



Analisis lagrangiano de anomalias de temperatura
particionadas por procesos fisicos

Para determinar las fuentes de las anomalias de temperatura se define (T') como desviaciones de la
temperatura respecto a la climatologia de temperatura Para la identificacion de la fuente T' se
utilizaran las trayectorias del FLEX-ERAS y FLEXPART-WRF con las diferentes bases de datos. Los
campos de T' podrian descomponerse e interpolarse a las posiciones de las trayectorias, y las
cantidades derivadas evaluarse como en Rothlisberger & Papritz (2023) y Papritz & Réthlisberger
(2023). El cambio de T’ en la trayectoria de una particula entre las posiciones de trayectoria xg en el
tiempo tg y x en el tiempo t se define como sigue:

, , ¢ ar ¢ ¢ kT oT ¢ P DO
T'(x,t) — T'(xg,ty) = — ftiﬂ 5.4t — ft;dv v * Vp(Ddt + ft;di [7 - g]wd'r + ftgi" (E)K ot

donde vy w son las componentes horizontal y vertical del viento, respectivamente, T la climatologia
de la temperatura, Vh el gradiente horizontal, k la constante de Poisson, p la presion (p_0 = 1000
hPa), y 6 la temperatura potencial.

40



Analisis lagrangiano de anomalias de temperatura
particionadas por procesos fisicos

En la ecuacion, los términos de izquierda a derecha representan T’ determinada por cambios
temporales en la climatologia, incluyendo el ciclo diario y la estacionalidad (primer término, [T')_sea),
la adveccidn horizontal asociada a los gradientes climatoldgicos de T (adveccidn, segundo término, [T'
)J_adv), la expansién y compresion adiabatica (adiabatica, tercer término, [T')_adi) y el calentamiento
o enfriamiento diabatico (diabatico, cuarto término, [T")_dia)

T(x,t) Increments and
decrements are shown by
orange and blue arrows,

Te(x,, L) respectively. Two sources,
ATP'(x1,t1) and ATP'(x2,t2)

b (red arrows), contribute to
TP(xf,tf) (purple arrow).
= source From Papritz &

Réthlisberger (2023) , ,
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Proyecto: Present and future climate humidity transport over Central
and South America: Mechanisms, extremes and attribution of
changes

Se realizara la reduccién de escala dinamica utilizando el modelo WRF v4.2, con datos de
entrada del reanadlisis ERA5 para el periodo histérico y un ensemble de salidas de GCM
CMIP6 para tres conjuntos de simulaciones, un periodo histérico (1985-2014) y mediados y
finales del siglo (2041-2070 y 2071-2100) utilizando un dominio con 20 km de resolucion.

Se implementara FLEXPART-WRF para el andlisis del transporte de humedad.

1. Se investigaran las

Dominio de modelizacion fuentes de humedad,
histérico vs futuro.

2. Los cambios en los

mecanismos de
transporte, histérico vs
futuro

3. Eventos de sequia,
histérico vs futuro

4. Role del transporte de
humedad en la

atribucion  de  estos
180 120W B0W 0 60E 120E eVentOS.
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