
06 May 2026

POLITECNICO DI TORINO
Repository ISTITUZIONALE

Reconciling bilateral connections of atmospheric moisture within the hydrological cycle / Fahrländer, Simon Felix; De
Petrillo, Elena; Tuninetti, Marta; Andersen, Lauren Seaby; Monaco, Luca; Ridolfi, Luca; Laio, Francesco. - (2024). (
European Geosciences Union Assembly 2024 Vienna ) [10.5194/egusphere-egu24-16857].

Original

Reconciling bilateral connections of atmospheric moisture within the hydrological cycle

Publisher:

Published
DOI:10.5194/egusphere-egu24-16857

Terms of use:

Publisher copyright

(Article begins on next page)

This article is made available under terms and conditions as specified in the  corresponding bibliographic description in
the repository

Availability:
This version is available at: 11583/2991666 since: 2024-08-12T10:59:33Z

Copernicus



EGU24-16857, updated on 12 Aug 2024

https://doi.org/10.5194/egusphere-egu24-16857

EGU General Assembly 2024

© Author(s) 2024. This work is distributed under

the Creative Commons Attribution 4.0 License.

Reconciling bilateral connections of atmospheric moisture within
the hydrological cycle

Simon Felix Fahrländer1

, Elena De Petrillo

2

, Marta Tuninetti

2

, Lauren Seaby Andersen

1

, Luca

Monaco

2,3

, Luca Ridolfi

2

, and Francesco Laio

2

1

Potsdam Institute for Climate Impact Research - PIK, Research Department I: Earth System Analysis, Potsdam, Germany

(simon.fahrlaender@pik-potsdam.de)

2

Department of Environment, Land and Infrastructure Engineering, Politecnico di Torino, Turin, Italy

(elena.depetrillo@polito.it)

3

Arpa Piemonte, Turin, Italy

To improve our understanding of how we are connected globally through water flows, at scales

relevant to policy and management, is imperative for global water stewardship. It is therefore

crucial to describe the fate of moisture in the atmosphere by evaluating the global moisture inter-

dependencies at the country level. However, few studies have addressed global moisture inter-

dependencies at the country level.

In this study, we present a novel dataset of country-to-country atmospheric moisture flows,

including both terrestrial and oceanic sources, and propose an approach to assure the closure of

the global and country-scale atmospheric water balance. By adopting an analogy with

international trade analysis, we employ an iterative proportional fitting method to adjust the

bilateral exchanges of water vapor from sources to sinks, ensuring that the total imported

(exported) atmospheric moisture equals the total precipitation (evaporation) derived from ERA5

on an annual basis. 

Relevant analysis to understand water inter-dependencies between countries and regions can be

performed from the bilateral matrix we present. We assess the terrestrial moisture recycling ratio

(TMR) as the portion of countries’ or regions’ precipitation originating from terrestrial evaporation.

Furthermore, we estimate a global TMR of 36%, while we find the highest TMRs are those of

Eastern Asia (64%), Eastern Europe (68%), and Central Africa (79%). The bilateral structure of the

dataset allows also to shed light on key links (and relative weights) dominating the exchange of

atmospheric moisture between two countries or regions, thus supporting inter-countries water

governance. For example, Central Africa receives 80% of its terrestrially sourced precipitation from

Eastern Africa, while Eastern Europe evenly gets moisture from four distinct links, Eastern Asia,

Central Asia, Southern Europe and Northern Europe, covering 70% of its import from terrestrial

sources. 

Future studies can leverage the dataset to explore nations’ links in the global atmospheric

moisture flow network and assess their role in the global hydrological cycle.
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