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Preface

One could imagine the origins of Critical Physical Geography (CPG) as a
moment of forehead-smacking revelation while staring at an obviously eco-
social landscape: the Tijuana Estuary, bifurcated by a particularly formidable
segment of the US/Mexico border wall, or an expanse of sugarcane being
grown to produce ethanol on former rainforest land in the Brazilian Amazon.
But in fact the origins of CPG lie in a windowless conference room in
Milwaukee, Wisconsin, where, in 2010, Mona Domosh gave it to Rebecca
Lave as a belated birthday present at a conference panel on Geography and
Science and Technology Studies (co-organized with Matthew Wilson). During
a great discussion among the panelists and audience, someone asked if there
were any physical geographers who engaged with science and technology
studies (STS). Mona Domosh replied from the audience, “You mean a critical
physical geographer?” And then she and several other people pointed at
Rebecca. It was one of those rare moments in life when something big hap-
pens and you recognize it at the time: instead of being the odd duck (even
within the remarkably expansive field of geography) who was trying to cobble
together fluvial geomorphology, political ecology, and STS, Rebecca was a
critical physical geographer. Amazing, the power of a name!

Talking it over after the session, the name was immensely appealing but
also a bit provocative. Whilst some loved the implicit call for a more Critical
Physical Geography, and a more physical Critical Human Geography, others
were concerned that it would appear as either an invitation to critique Physical
Geography, or to turn Critical Human Geography positivist. In the end, CPG
stuck because despite the potential for misunderstanding, it had the strength
of immediately raising questions about the kinds of research, pedagogy, and
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political practices needed in order to actually address our profoundly eco-
social world.

The next step, for Rebecca, was to build the field, and to encourage others
to begin the kind of integrative research that would fall under the CPG
umbrella. Following in the footsteps of generations of scholars who have made
important contributions to integrative thinking (including Doreen Massey,
Bruce Rhoads, Keith Richards, Louise Bracken, Elizabeth Oughton, and
many others), Rebecca wrote a call for papers that spanned Physical and
Critical Human Geography. This was revelatory, as in starting to write what
was meant to be a clarion call to integrated research, a large number of people
seemed to be already doing work that Rebecca recognized as CPG. As the list
of “but see” citations grew from an initial handful to more than twenty, it
finally dawned on her that what was needed was not the construction of CPG
from scratch, but the introduction all the various people who were already
doing such research to each other, and then the announcement of the field as
already arrived. A series of conference sessions, journal articles, special issues,
and workshops followed, bringing visibility to an already existing and rapidly
growing body of work that combines, in our collective initial definition, criti-
cal attention to relations of social power with deep knowledge of biophysical
science in the service of social and environmental transformation. This
Handbook was initiated through Rebecca’s commitment to grow the field.

One of those people already attempting to do CPG research was Christine
Biermann, who was at the time a graduate student struggling to build a frame-
work within which to combine training in biogeography and dendrochronol-
ogy with an interest in the politics of science and knowledge production.
Christine joined the CPG intellectual project at the 2012 Association of
American Geographers conference, where a series of panels ultimately culmi-
nated in a team-authored paper reviewing existing CPG work and arguing for
its practical and intellectual relevance (Lave et al., 2014). In CPG she found
that it might indeed be possible to reconcile a critique of the quest for univer-
sal Truth with the practice of natural science, but the nuts and bolts of how to
most effectively do this type of work continued to elude her. When approached
by Rebecca about working together on this CPG Handbook, she accepted,
hoping that it would provide an opportunity to think through her lingering
questions.

It was to a CPG workshop linked to the 2015 AAG that Rebecca invited
Stuart Lane to speak. Bemused by both the notion that Physical Geography
needed to be more critical (when critique is the hallmark for him of being a
scientist) and that someone thought that he might have something to say
about CPG, he accepted the invitation. Uninspired by some of the many
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attempts to “cross the divide” that have circulated over the last couple of
decades, he was intrigued to find in CPG a wealth of creative scholarship
founded upon both; the material interest that follows from a scientific interest
in “things”; and a commitment to explanation of those things that was not
constrained by their material nature, and the scientific method that typically
follows. Struggling to understand the relationship between CPG and his own
scientific journey, and faced with a much more fissiparous tendency for
Geography in Europe, he took the bait, and agreed to support Rebecca in the
production of this Handbook.

In writing this handbook, we three have come together to produce a vol-
ume that we hope introduces CPG: its epistemology, methodologies, geneal-
ogy, and core tenets. Perhaps because we are closet empiricists (defined in the
broadest sense), the core of the collection is a set of papers where we seek to
demonstrate the explanatory power of CPG research through examples from
across the spectrum of subjects that might typically be treated by physical
geographers or human geographers in isolation. However, we also bracket
these papers with the first full attempt to develop some basic tenets of CPG,
ones that distinguish it from other attempts to cross the divide as well as from
other sub-disciplines like political ecology.

We hope that whatever your field of environmental study, you will find
chapters here that cause you to re-examine your research questions, field
methods, pedagogy, and political practice, as well as the deep inter-relations
among them.

We would like to thank those who have helped with the publication of the
Handbook, the reviewers of each chapter, our universities for supporting
workshops in financial and other ways and Palgrave Macmillan for commit-
ting to and supporting this project, particularly our editor, Rachel Ballard.

Bloomington, IN Rebecca Lave
Seattle, WA Christine Biermann
Gryon, Switzerland Stuart N. Lane

September 2017
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Not all possibilities relating to theory, method, data, and applica-
tion are equally likely. Institutions affect the relative likelihood of
each choice, and this can be represented as a probability distribu-
tion mapped onto each moment of choice. The peak of the curve
represents the most popular, prestigious, or feasible choice for a
researcher in a given context 82
Maps of African environmental geography. Hills and Archibold
portray only savanna. Drude, Cole & de Blij, and Cunningham
& Cunningham include scattered highland zones, Mediterranean
areas at the northernmost and southernmost latitudes, and
various other small patches, particularly temperate grassland
(primarily South Africa and Ethiopia). Kromm includes tundra
(sic; Kenya-Tanzania border) and various patches related to

population density and agricultural productivity. 112
Local appearances of savanna in English, 1600-1800. Non-
fictional uses in black boxes, fictional uses in gray 113

The stages of vegetation in Morocco. This map illustrates how
Emberger drew the main vegetation zones of Morocco as he
conceived them in about 1934. Five of the six vegetation zones
depicted here (excluding the desert zone) are defined by their
trees or potential trees. This map is a precursor to the much
more detailed phytogeographic maps of Morocco, the Maghreb,
and the Mediterranean Basin that Emberger created in later.
Created by Diana K. Davis. Source: D. K. Davis 2007.
Resurrecting the Granary of Rome: Environmental History and
French Colonial Expansion in North Africa, © 2007 Ohio
University Press, p. 153. This material is used by permission of
Ohio University Press 136
The stages of vegetation in North Africa. Constructed on the
same principles as Emberger’s map of the stages of vegetation in
Morocco and in the Mediterranean Basin, this map represents
the culmination of Emberger’s thinking about the stages of
vegetation in the region. The six zones shown here are slightly
different from his original 1930 conception, with the addition of
the Saharan desert zone and a single high mountain zone
encompassing what he had previously separated as two different
high mountain zones (inferior and superior). Created by an
anonymous cartographer “according to M. L. Emberger” [‘d’apres
M. L. Emberger]. Source: Boudy, P. 1948. Economie forestiére
nord-africaine: Milieu physique et miliew humain. Vol. 1. Paris:
Editions Larose, facing p. 172 139
Drylands variability map. This map shows the variability of
drylands by demonstrating the 300-mm. isohyet and the 33%
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CV (coefhicient of variation of interannual rainfall). Created by

Diana K. Davis and Robert Hijmans. Source: D. K. Davis 2016.

The Arid Lands: History, Power, Knowledge, The MIT Press, p. 16.
Reproduced with the permission of The MIT Press. Higher

resolution map available at: http://www.geovet.org/
DrylandsMaps.html 143
An all too familiar scene. Are wildfires threatening homes in
wildland-urban interface areas of the US West? Or are homes
impinging on natural fire regime events? 154
An informational panel developed by the Union of Concerned
Scientists depicting the relationship between fire and climate

change in the US West. The panel offers many important and

revealing statistics. But this image also reveals something else: the
minimization of profitable land use planning decisions and the
privileging of climatic forces when explaining the “growing risks

of wildfires” in the West. The only reference to residential

developments is in the context of adaptation strategies, thus

portraying homes as passive victims and not as part of a larger

structure of “risk”-producing suburbanization. (Photo Credit:

Union of Concerned Scientists 2013) 157
Percentage of WUI area developed in the US West as of 2013.
(Source: Headwaters Economics) 165

The scientific classification of a firestorm. Decidedly unnatural
firestorms appear to be part of the scientifically legitimized and
inexorable natural order of things. (1) Large fire area. (2) Updraft

and thermal column. (3) Strong winds generated by updraft.

(A) Pyrocumulus cloud 168
By their very etymological origins, firestorms are social constructs.
With their early usage describing the conflagrant outcomes of

WWII air raids, the catalyzing source of firestorms has always

been exogenous, intractable, and ‘out of local control—whether

from bombing campaigns or the threat of global climate change 169
In many ways, homes are a lot like compressed/extruded fire logs.

They are both heavily composed of petroleum and wood prod-

ucts, highly combustible once ignited, and assist fire growth and

spread. Wildfire disasters are manufactured through the construc-

tion and placement of these flammable, Duraflame-like objects on

the landscape 171
We started in year 2016 CE with our excavation to clarify when

and how people lived in the research area. In a certain layer we

found the wooden remains of a house, next to pottery remains

and a coin. The imprint on the coin stated that it was created in

232 CE under emperor X of state Y. The pottery on the other
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hand had the stylistic characteristics of culture Z that occurred
throughout the fourth-century BCE. Lastly, we used a sample of
the wood for radiocarbon dating. We know that the age will
correspond to the time when the tree died. At this point it stops
to integrate 14C isotopes from the atmosphere. Based on the
known rate of radioactive decay of this isotope, it is possible to
use the amount of the remaining 14C isotopes to assess the age of
the tree (however, since the amount of 14C in the atmosphere
changes, the date has to be calibrated according to a calibration
curve; the calibration curve is created using an incremental
method of age detection). In the end we received an age of

605 + 30 calibrated years BCE. The results of the different dating
approaches seemed to be a mess and very contradictory. This is
usually the case in landscape archaeology and necessitates a very
careful investigation of all the different aspects that might
influence our archive

(left) On the macro-scale, settlements are shown as small dots;
their patterning and their relation to environmental features can
be investigated, but the potential internal processes that lead to
their patterning cannot be investigated or proved. (centre) On the
meso-scale, details of the settlement plan and its utilization of
specific environmental features get obvious and can be analysed;
the availability of data is greatly increased, what necessitates a first
selection of potentially important features. (right) On the
micro-scale, the natural dynamics can be reconstructed in detail,
and specific contexts of artefact distribution and usage are open
for detailed investigations based on, for example, excavations. The
resolution is so high, that larger objects, for example, floodplain
terraces or features of settlement plans, cannot be recognized
anymore and the conclusions drawn only on this scale are prone
to miss important aspects from the meso- and macro-scales

A typical cultural landscape in north central Sri Lanka, composed
of man-made ancient reservoirs to store rainfall and runoff for
paddy irrigation (Tree and plant symbols used with courtesy of
the Integration and Application Network, University of
Maryland, Center for Environmental Sciences, http://ian.umces.
edu/symbols/)

(a) Ancient water management systems in the surroundings of
Jawa, NE Jordan (after Meister et al. 2017); (b) remnants of the
ancient Chalcolithic to Early Bronze Age settlement of Jawa,
north-east Jordan (Helms 1981, Miiller-Neuhof 2015); (c) sketch
of annual pastoral migration routes after Roe (2000) in the
Jordanian basalt desert steppe (Meister et al. Submitted)
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In landscape archaeology, multiple and composite hypotheses are
necessary in order to arrive at a holistic explanation. The complex-

ity of the research problems necessitates multiple hypotheses that

are competitive and that are tested against data. Some hypotheses

will be rejected and lead to new problems. Based on this, new
hypotheses are developed, and together with already tested ones

they are evaluated against other data. In the end we hopefully

arrive at an explanation based on composite hypotheses of
complementing ideas that developed throughout the research

process (after Schumm 1991, p. 13) 190
The efficiency of processes as a function of process intensity (PI)

and pre-event conditions in an area. The example is based on the
assumption that in a runoff-controlled land surface, erosional

processes are triggered by rainfall events (LT = lag-time) 191
If we try to explain the pattern of settlements, we can use theo-

retical models like central place theory (Christaller 1933);

singularity in this case describes the shift of the expected settle-

ment location from the observed one due to different reasons, for
example, the accessibility to water. A shift from the expected

pattern due to singularity does not reject the theoretical model 193
An exemplary agricultural terrace system (after Frederick and
Krahtopoulou 2000, El Amami 1983) 195

The different questions and their corresponding problems and

pitfalls can guide an investigation of a landscape archaeological

system (LAS) and help to develop research questions. The pictures

as well as the system description and research questions only show

the physical geographic perspective. Nevertheless, referring to

what we presented throughout this chapter, this perspective

cannot be thought of in isolation, and none of the stated ques-

tions can be answered by a physical perspective alone. Integrative
thinking, interdisciplinary collaboration and an open mind are
necessary 197
Map of study sites in Great Smoky Mountains National Park,
Tennessee. The tree-ring chronology we analyze is a composite of

five individual chronologies developed in the westernmost portion

of the park 206
Bootstrapped correlation coefficients between the composite
chronology and monthly (a) average minimum temperature,

(b) precipitation, and (c) PDSI, from previous June (left) to

current growing season November (right). Asterisks indicate

statistically significant correlations (p < 0.05) 209
Results of moving correlation analysis between the composite

tree-ring chronology and monthly climate: (a) average minimum
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temperature, (b) precipitation, and (c) PDSI, from previous June
(bottom of y-axis) to October of the current growing season (top
of y-axis). Years shown are the last years of the 45-year moving
intervals, that is, correlations plotted for 2005 represent correla-
tions calculated from 1961 to 2005. All shading indicates
statistically significant correlations. The darker the shading, the
stronger the correlation (p < 0.05)

Correlation evolution graphs showing evolving correlation
patterns over time, beginning with the 1910-1955 base interval,
for all months of the three climate variables analyzed in this study.
The coeflicients are plotted according to the last year of the
45-year moving interval, that is, correlations plotted for 2005
represent correlations calculated from 1961 to 2005
Peer-reviewed articles published on land-use legacies. A total of
155 articles have been published on land-use legacies since 1994
(Source: Web of Science, 6 May, 2016)

Article analysis diagram

Article analysis diagrams of the 20 most recent forest land-use
legacy articles (Source: Web of Science, 6 May, 2016)

Article analysis diagrams of the 20 most-cited forest land-use
legacy articles (Source: Web of Science, 6 May, 2016)

Texts, reviews, and popular science books involved in recent
debates over the terminology, politics, and values in the study of
biological invasions.

Scenes of plant invasion in South Africa: (a) dense acacia brush in
the foothills above Muizenberg and False Bay, Western Cape
province; (b) lone black wattle shrub and woodlot behind hut
near the Swazi border, Mpumalanga province; (c) cattle enclosure
made from black wattle near Butterworth, former Transkei,
Eastern Cape province; (d) public works labourer controlling
lantana infestation, also near Butterworth.

Simplified relationships between soil components (hexagons) and
properties (rectangles). Source: Dominati et al. (2010)

Soil carbon stock maps using (a) linear regression (selected
variables: land-cover classes and site) or (b) a decision tree
(selected variables: land-cover classes and site). The methods are
also compared using (c) a biplot graph. Maps correspond to
Pacaja site, Brazilian Amazon, in 2007 (d)

Vegetation carbon stock maps (2007, Brazilian Amazon, Pacaji
site, farm #108, see location in Fig. 13.2) using (a) linear regres-
sion (selected variables: land-cover classes and site) or (b) a
decision tree (selected variables: land-cover classes and site).
Land-cover map of the farm based and Landsat images (c)
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Outlined neighborhoods are the focus of the Baltimore
Mosquito Study. From North to South: Bolton Hill, Harlem
Park, Franklin Square, and Union Square-Hollins Market
Unmanaged vegetation in the backyard of an abandoned
house. Many residents attributed mosquito infestation to
landscapes like these, and indeed, in late summer, our sampling
crews experienced constant mosquito biting in areas with tall
vegetation

Themes brought up by 57 adults and youth in 2013 in group
discussions, and connections that participants made among
neighborhood socio-environmental issues

Adult mosquito infestation in summer 2013. Infestation levels
corresponded with the density of abandoned buildings and
vacant lots

Illegal dump in the backyards of several adjacent abandoned
houses

Study area with transect placement

Wildlife sightings

This photograph was taken in the Carson National Forest in
northern New Mexico in June 1939. The Forest Service
captioned it “Sheep herder Damacio Lopez talking with Forest
Ranger R.L. Grounds.” By W.H. Shaffer. US Forest Service
photograph 381785, National Archives and Records
Administration, College Park, Maryland

Location of case study and sampling areas

Diagram showing inflows and outflows to and from nutrient stocks
of the cropping system as typically presented in the nutrient-balance

approach (adapted from Pieri 1985; van der Pol 1992)

Project site location as a function of drainage area. IV = 74 for
0-1 km?% 7 = 72 for 1-10 km* N = 37 for >10 km?. The

mean drainage area for mitigation was 4 km?*; the mean for
non-mitigation is 13.9 km?% and the mean for nonrestored is
7.4 km?; these differences in drainage area by stream type were
significantly different (ANOVA; p < 0.01)

Sinuosities of stream reaches by physiographic region and stream
type

Valley slopes of stream reaches by stream type in the mountain
and physiographic provinces

Distribution of restoration projects site total project lengths for
mitigation and non-mitigation projects. For all projects, median
for mitigation = 1543 m; median for non-mitigation = 682 m
(p < 0.01, Wilcoxon test assuming non-normal distribution)
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Relative amount of influence of main channel compared to
tributaries in restoration project sites for mitigation and non-
mitigation. /V = 53 project sites for mitigation, N = 32 project
sites for non-mitigation. For lower graphs, relative amount of
total restored stream length that was contributed from restored
main channel compared to tributaries

Example of mitigation project site showing the combination of
restored main channel and six tributaries restored as part of the
same project site. Identifying information removed from image

(a and b) Examples of restored stream morphology (images from
Google Earth; location and site name withheld). (c) Centerline of
a nonrestored stream. (d) Centerline of a restored, mitigation
stream. (e) Intrasite variability in radius of curvature for the
nonrestored stream shown in (c) and the mitigation restored
stream shown in (d)

Non-PRASA systems (red dots) and the PRASA major pipe
infrastructure (yellow lines). Note that non-PRASA water systems
are mostly located in the mountainous region (green areas in the
map), and that many non-PRASA systems are contiguous to
PRASA infrastructure. The precise location of non-PRASA points
has been slightly altered to preserve the confidendiality of commu-
nities

Examples of surface (A, B) and underground (C) rural water
systems. In (A), a typical stream water-collection point, the
community has constructed a small ditch and connected a PVC
pipe. (B) is an example of a spring water collection system. The
community constructs a box around a spring and the water is
transferred to a collection tank. (C) is an example of a groundwa-
ter pump. Most non-PRASA systems transfer the water from the
collection point to a tank where the water is chlorinated and
distributed. However, some households within the community
and some entire communities consume the water directly from
the source

(a—c) Aerial images of a reach of Highland Creek in 1954, 1999,
2015. Note the transformation of morphology from narrow
highly sinuous channel (1954), through wider and less sinuous
channel (1999), to wide, engineered meanders (2015). Source:
City of Toronto ESM Web and Geospatial Competency Centre
(hetps://web.toronto.ca/city-government/data-reports-maps/) and
Triathlon Inc. Examples of urbanization effects: (d) Failed
drainage infrastructure from erosion by large floods. (e)
Deposition of mid-channel bar built from failed concrete channel
lining. (f) Morphological transformation of Highland Creek by
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geomorphological engineering. Ground photos in the same reach
as that depicted in aerial images in (a)—(c). 2006 image shows
river affected by urban storm discharges but prior to major
re-engineering. 2012 shows re-engineered channel and valley.
Note change in channel dimensions, materials, and constructed
“fHloodplain” on the left side of the 2012 image. (Photos (d)—(f):

P. Ashmore) 486
Map of watersheds, major rivers, urban development and TRCA
jurisdictions in Toronto region 491

Example of semi-alluvial channel along Highland Creek. Bed and

lower banks are exposed glacial clay, in-channel bar and upper

bank are alluvial gravel and sand 492
Changes in river discharge and annual hydrograph following

rapid urbanization, Highland Creek: comparison of 1966 and

1977 493
Timeline of major hydro-geomorphic and policy events affecting
Toronto watersheds and river transformation 494
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