ACADEMIE
DES SCIENCES

INSTITUT DE FRANCE

Comptes Rendus

Géoscience

Sciences de la Planete

Francois-Michel Le Tourneau, Larry A. Fisher, Adriana A. Zuniga-Teran,
Benjamin T. Wilder, Anne-Lise Boyer, David Blanchon and Fabrice Dubertret

The socio-ecological complexity of facing climate change: a case study from
Pima County (Arizona, USA)

Published online: 4 September 2024

Part of Special Issue: Human Environment Observatory

Guest editors: Robert Chenorkian (Professeur Emérite Aix-Marseille Université,
Conseiller Scientifique CNRS-INEE pour les OHM), Corinne Pardo (CNRS FR3098
ECCOREYV Aix-en-Provence (France), LabEx DRITHM) and Frangois-Michel Le
Tourneau (UMR 8586 — PRODIG, Campus Condorcet, Aubervilliers)

https://doi.org/10.5802/crgeos.267

[cOECE This article is licensed under the
CREATIVE COMMONS ATTRIBUTION 4.0 INTERNATIONAL LICENSE.

http://creativecommons.org/licenses/by/4.0/

MERSENNE

The Comptes Rendus. Géoscience — Sciences de la Planete are a member of the
Mersenne Center for open scientific publishing
www.centre-mersenne.org — e-ISSN : 1778-7025


https://doi.org/10.5802/crgeos.267
http://creativecommons.org/licenses/by/4.0/
https://www.centre-mersenne.org
https://www.centre-mersenne.org

ACADEMIE Comptes Rendus. Géoscience — Sciences de la Planéte
DES SCIENCES Published online: 4 September 2024
https://doi.org/10.5802/crgeos.267

INSTITUT DE FRANCE

Research article

Human Environment Observatory

The socio-ecological complexity of facing
climate change: a case study from
Pima County (Arizona, USA)

0, x 0,c
’

Francois-Michel Le Tourneau® 4, Larry A. Fisher ?, Adriana A. Zuniga-Teran
Benjamin T. Wilder ¢, Anne-Lise Boyer ®¢, David Blanchon/ and Fabrice Dubertret

2 CNRS, UMR 8586 PRODIG, Aubervilliers, France
b Environmental Policy, University of Arizona, Tucson, AZ, USA

¢ School of Geography, Development and the Environment, University of Arizona,
Tucson, AZ, USA

d Next Generation Sonoran Desert Researchers, Tucson, AZ, USA
€ Labex DRIIHM, France

f Université Paris Nanterre et CNRS Mosaiques/LAVUE, France

9 CNRS UMR PASSAGES, Bordeaux, France

E-mail: Francois-michel.le-tourneau@cnrs.fr (E-M. Le Tourneau)

Abstract. Socio-ecological systems are in constant transformation and adaptation, with dynamic and
constant interaction between the social and environmental dimensions. This reality requires interdis-
ciplinary studies, or a holistic approach sometimes referred to as “global ecology”, to address that com-
plexity at every level in their analysis. “Human-environment observatories” (Observatoires Hommes-
Milieux, OHM) are an ideal setting to develop such studies since they are inherently interdisciplinary
and develop both short and long-term perspectives on specific socio-ecological systems. Pima County
observatory (OHMi-PC), located in Arizona (USA), is one of the 13 “Human-Environment observato-
ries” of the DRITHM LabEx. In this paper, we show how we can apply the DRIITHM framework to Pima
County and how this allows for innovative interdisciplinary approaches of issues related to environ-
mental and human dynamics in southeastern Arizona, such as the dynamics of wildfires, which we
show to be related to human as well as environmental factors, the restauration of the Santa Cruz river,
which we analyze as ambiguous in terms of ecology, or the Cienega creek area, where the OHMi-PC
has been involved in local landscape conservation eVorts.

Keywords. Complexity, Climate change, Arizona, Human-Environment observatories, Fire.
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Climate change is often described as a change either by mitigation or adaptation [[PCC, 2022]. It
in the environment that societies must cope with, has been well documented that the eVects of cli-
mate change are intertwined with those of previ-

ous environmental practices, potentializing some of

* Corresponding author their eVects and relativizing others, and that the
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pressure/response dynamics involve numerous feed-
back loops and responses between socio-economic
adaptations and local ecosystems. In fact, as several
authors have claimed [Berkes and Folke, 1998, Berkes
etal., 2003, Chenorkian, 2017], it is no longer possible
to diVerentiate between the “human” and the “nat-
ural” dimensions in environmental approaches, and
it is therefore necessary to consider “socio-ecological
systems” (SES) or “coupled human and natural sys-
tems” (CHANS), as proposed by Liu et al. [2007a,b].
For some authors, in highly anthropized environ-
ments, the human factor can no longer be seen as a
dimension outside the ecosystem but should be re-
framed as an inherent component of what is there-
fore a “single ecosystem” [Chenorkian, 2020]. This
interrelation requires interdisciplinary studies, or a
holistic approach sometimes referred to as “global
ecology”, not in the sense of globalization but as an
approach that considers all dimensions of a given
SES (ibid.).

Human-environment  observatories (OHM)
[Chenorkian, 2014, 2020] are frameworks designed to
develop such analyses and advance with the under-
standing of this complexity [Liu et al., 2007a], since
they are inherently interdisciplinary, and they allow
a long-term perspective on specific socio-ecological
systems. Human-environment observatories pro-
vide a focus on contemporary events through which
new transformations—sometimes dramatic, some-
times subtle—are taking place. They are excellent
places to examine how environmental changes are
taking shape, but also how societies respond to this
change.

The “Pima County human-environment ob-
servatory” (OHMi-PC) is one of the 13 “Human-
Environment observatories” of the LaBeX DRIIHM!.
Created in 2015, it is located in a region of extreme
climatic conditions where a very large palette of
ecosystems exists, from the semi-arid Sonoran
Desert and grasslands to conifer forests at higher
elevations (Figure 1). OHMi-PC was created when

IDRIIHM stands for Device for Interdisciplinary Research on
human-environments Interaction (Dispositif de Recherche Inter-
disciplinaire sur les Interactions Hommes-Milieux). The DRIITHM
is a research program coordinated by the French National Cen-
ter for Scientific Research (CNRS) which is financed by the French
Research Agency (ANR) under the “Investissements d’Avenir” pro-
gram (grant no. ANR-11-LABX-0010).

an important social conflict arose in response to a
new mining project that was to be opened in the
Santa Rita mountains. But this conflict is only the
visible part of demographic and sociological changes
which started in the 1970s and triggered transfor-
mations, which are now reconfiguring the local SES.
Previously a strong proponent of resource extraction
activities that often overshadowed a nascent con-
servation ethic, Pima County is becoming a place
where ecosystems and landscapes are now valued for
broader and longer-term goals. As with any societal
change, however, the transformation is not an abrupt
rupture but a long-going process, and many features
of the resource-extractive system are still in place,
prompting conflicts and revealing complex feedback
and retroaction loops.

This paper aims to show how the OHMi-PC is in-
strumental in unveiling the complexity of SES fac-
ing climate change. To do so, we will first discuss
the socio-ecological setting in Pima County and the
crises it has faced in the last decades. We will then
formulate the theoretical framework of the “Pima
County observatory”, based on the general DRITHM
trilateral approach and the SES framework. We will
then demonstrate how the results of three research
programs nested within the Pima County observa-
tory exemplify the analyses of complexity in the face
of climate change, and how Pima County can be
viewed as both an observatory and a sentinel (in the
sense of “sentinel territories” developed in Blanchon
et al. [2020] of climate change and climate change
adaptation.

1. Pima County: environmental extremes and
crises

Located in Southeastern Arizona, Pima County is
characterized by variable climatic conditions, high
endemic biodiversity, and rapid urbanization. The
region’s history and development are described by a
wealth of ecological and social studies, going back
to the early days of Native and European settle-
ment [Sheridan, 2012]. In this section, we show
how three major socio-ecological crises that have oc-
curred within the last decades—the 1980s water cri-
sis, the 1990s landscape crisis and the 2010s mining
crisis—reflected and prompted changes in the histor-
ical socio-ecological setting.
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Figure 1. The gradient of ecosystems along elevation [modified from Wilder et al., 2021, 2024, figure by

Maya Stahl].
1.1. The socio-ecological framework

Southeastern Arizona is characterized by a semiarid
climate. Rainfall is about 300 mm each year with
at least 3 months with less than 5 mm of precipi-
tation. Average annual temperature is above 20 °C.
Consequently, water is a scare and precious resource,
and from the pre-Columbian times to today, hu-
man presence has depended on some form of water
management. The presence of high-elevation areas
typical of the “basin and range” landscape of the
western United States, allows for high biodiversity.
Mountain ranges, with peaks up to 2800 m, are called
“sky islands” because they appear as green forested
islands in the middle of a sea of desert grasslands
and shrublands [Crist et al., 2014]. Whittaker and
Niering [1965], Brusca and Moore [2013] distinguish
seven diVerent ecosystems stacked in elevation (Fig-
ure 2), each one blending into another in delicate
transitions.

While ecological transitions appear to be delicate,
contrasts are sharp between elevation extremes Lo-
cated about 30 km as the crow flies from the center
of the city of Tucson, Mount Lemmon enjoys more
than 750 mm of rainfall each year (including more
than 35 cm of snow), and the average temperature
is 10° cooler than in the Tucson basin, yielding en-
vironmental conditions similar to those encountered
2000 km further north, at the US-Canada border.

Climate change is having impacts on the region,
yielding more intense drought periods and an in-
crease in mean temperatures, during both winter
and summer. Among other ecological changes, the
movement of species to higher elevations with more
favorable conditions can be noted. One conspic-
uous example is that of mesquite trees (Prosopis
spp.), typical of the Sonoran Desert scrub ecosys-
tem, which now invade the grasslands throughout
the region [McNew et al., 2023]. Recurring forest
fires have been part of the environment of the forests
of the US Southwest for at least several centuries
[Iniguez et al., 2008, 2016], but have increased in
recent years due to drying conditions and historic
management practices that have led to a buildup of
fuels.

Pima County’s region has been inhabited for over
10,000 years. Indigenous civilizations have taken ad-
vantage of the few perennial streams to develop an
irrigated agriculture as early as 1500 BCE [Logan,
2002]. Although Spanish explorers made early re-
connaissance visits to the area in the sixteenth cen-
tury, it was only during the eighteenth century that
the first settlements were established by European
colonists. However, due to its harsh climate, its re-
moteness from the rest of the Spanish Empire, and
regular Apache raids, Southeastern Arizona attracted
only limited interest from the Spaniards and from the
Mexicans after them.
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