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RECOGNITION OF POTENTIAL HEAT AND WATER TRADEOFFS IN
VEGETATION-BASED CITY-LEVEL CLIMATE ADAPTATION POLICIES IN

ARID AND SEMI-ARID ENVIRONMENTS

EDWARD J. HINES
ABSTRACT

The primary objectives of this study are to understand if and how cities are adapting to
heat and water stress and to characterize their understanding of the potential tradeoffs
associated with vegetation-based strategies. I address these objectives using two
approaches: a comparative analysis of climate adaptation and sustainability planning
documents in cities vulnerable to heat and water stress and an in-depth case study of the
response to heat and water threats in Los Angeles. The comparative analysis of city plans
builds a broad understanding of how cities are planning to adapt to heat and water stress
and the degree to which they articulate an understanding of, and mitigate the potential
for, maladaptive measures. The Los Angeles case study provides the opportunity to more
deeply trace how the process of adapting to heat and water stress has unfolded in a
single city. To do so, I locate the city’s contemporary policies in an historical continuum
with previous municipal environmental policy efforts, in local patterns of urban
development and their entailing political and economic foundations, and in regional,

state, national, and international environmental policy hierarchies.
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I. Introduction

Many cities face the dual threat of increased heat stress and reduced water
availability associated with the shifting weather patterns driven by global climate change.
Major heat events kill about 600 people each year in the United States (Berko ez al.,
2014), and catastrophic events like the heat wave in Europe in 2003, which claimed
20,000 lives, are particularly destructive in urban areas (Bowler e al., 2010). Cities in
developing countries appear to be even more susceptible to major heat events because
they often lack the necessary adaptive resources. The negative effects of reduced water
availability are particularly onerous in developing countries where 20% of deaths in
children under five can be attributed to water-borne diseases, often contracted due to a
lack of sufficient potable water and the subsequent consumption of untreated resources
(Water Project, 2014). While access to clean drinking water is less of a problem in
developed countries, regional water scarcity in this part of the world can still significantly
disrupt agricultural and energy systems and increases the risk of, and damage caused by,
wildfires, as exemplified by the events of the past few years in the western United States
(California Water Science Center, 2016).

Urban policy makers increasingly recognize these potential impacts and are
actively planning for climate change. One common approach to adapting to heat stress
has been to increase urban vegetation cover. This has a well-documented cooling effect
(Dimoudi and Nikolopoulou, 2003) and can simultaneously provide aesthetic value,

increase local biodiversity, mitigate carbon pollution, and improve air quality. However,



increased urban vegetation may conflict with water conservation strategies. In California
the successful campaign to reduce urban water usage by 25% has also led to a significant
reduction in urban vegetation cover (Washington Post, 2016). This loss has the potential
to magnify the urban heat island effect, the phenomenon describing the tendency of cities
to be several degrees warmer than surrounding rural areas due to the greater radiative
absorptivity of urban infrastructure. Outcomes like this may cause the populations
residing in vulnerable cities to become even more vulnerable to major heat events and
perhaps, in the long term, even increase urban water and energy demand to deal with
sustained higher temperatures (Tan er a/.,2010). Currently it is not well-understood if
and how cities recognize and address these tradeoffs.

Because vegetation plays an important role in both urban heat and water cycles it
is an area of particular relevance to the problem in question. The most important factor
underlying urban heat stress, a problem for which vegetation-based solutions are so
particularly well-suited, is the existence of urban heat islands (UHI). This refers to the
well-documented phenomenon mentioned above of built-up urban areas being on average
2-5 °F warmer than their surrounding rural hinterlands. Differences as high as 10-12 °F
have been recorded in some cases (Frey ef al.,2007). The effect is most pronounced at
night and during cooler seasons, although its impact on human health is arguably more
significant during the day and during warm/hot seasons (Sofer and Potchter, 2006). It is
driven by the greater absorption and retention of solar energy by building materials (as
opposed to “natural” surfaces), and of a lack of vegetation cover resulting in an absence

of shade or conversions of solar energy from sensible to latent heat fluxes by way of



evapotranspiration (Rosenfeld er al., 1995). Urban vegetation cools both by shading
underlying surfaces and converting a portion of the sensible (felt) heat flux into latent
(water phase change) heat for evapotranspiration. Unfortunately, evapotranspiration, by
definition, requires a significant water input, making vegetation-based heat stress
solutions in water-constrained cities more problematic.

Rising urban temperatures and diminishing water supplies are increasingly
recognized within an emergent adaptation process as serious problems that will worsen if
business-as-usual approaches to urban land use and development are continued in the
context of a rapidly changing climate. Thus city governments have begun to adopt some
of the palliative ideas presented in a proliferating scientific literature on urban heat
islands and drought. Most of these actions have an associated suite of potential “co-
benefits” and “maladaptations”. Co-benefits are additional positive features associated
with the implementation of some adaptation action, such as tree planting for carbon
sequestration also reducing stormwater runoff. Maladaptation describes potential
unintended negative consequences adhering to particular adaptation actions (Geneletti
and Zardo, 2016).

As the adoption of heat and water specific climate adaptation actions is still a
relatively new phenomenon (Carter ez al., 2015), especially at the city level, there exists
an opportunity to minimize potentially maladaptive outcomes, like the one described
above. The primary objectives of this study are to understand if and how cities are
adapting to heat and water stress and to characterize their understanding of the potential

tradeoffs associated with vegetation-based strategies. I address these objectives using two



approaches: a comparative analysis of climate adaptation and sustainability planning
documents in cities vulnerable to heat and water stress and an in-depth case study of the
response to heat and water threats in Los Angeles. The comparative analysis of city plans
builds a broad understanding of how cities are planning to adapt to heat and water stress
and the degree to which they articulate an understanding of, and mitigate the potential
for, maladaptive measures. The Los Angeles case study provides the opportunity to more
deeply trace how the process of adapting to heat and water stress has unfolded in a single
city. To do so, I locate the city’s contemporary policies in an historical continuum with
previous municipal environmental policy efforts, in local patterns of urban development
and their entailing political and economic foundations, and in regional, state, national,
and international environmental policy hierarchies. Doing so contributes to a better
understanding of the social, political, and economic processes that led to the creation of
the heat and water policies in Los Angeles and provides an opportunity to identify factors
that facilitate or constrain adaptation across multiple issues. The lack of extensive
development in adaptation planning in general, and in heat and water stress in particular,
can be looked at as an opportunity to inject considerations of potential maladaptation into
the foundations of future decision-making, mitigating negative outcomes, and helping
cities to make deeply informed decisions about their treatment of these issues moving

forward.

1I. Background Literature Review- Climate Adaptation in Cities




Cities have been identified both as primary drivers of climate change and among the
terrestrial configurations most potentially vulnerable to the projected effects of future
change (Bowler er al., 2010). As such, they are uniquely positioned as sites of action for
both climate change mitigation and adaptation efforts, but are often constrained in their
capacity to improvise the former, due to their subordination to other levels of
government. In the realm of adaptation however, city governments are in a much better
position to lead, as they often exercise significant control over local land use and
development practices. Despite this reality climate adaptation planning at the city level is
still relatively undeveloped, especially when compared with the scope of existing
mitigation related efforts (Sosa-Rodriguez, 2014). Awareness of the need for adaptation
strategies has been increasing in recent years however, and although the measures are
often mixed with other types of planning and policy documents, a distinctive process is
slowly beginning to emerge.

City level climate action can be traced as far back as the 1980s, when it was
conducted primarily under the auspices of mitigation (Bulkeley and Castan Broto, 2013).
Over time cities tended to reframe climate change as an issue related to particular core
policy agenda items like air pollution or urban planning in order to access funding
designated specifically for these things. This ultimately resulted in fragmenting the
policy response with cities often addressing climate change on a case by case basis,
leading to a present policy environment in which much city level climate action planning
is still conducted on an exceedingly sectoral basis (Birkmann ez al., 2010; Bulkeley and

Castan Broto, 2013). The early primacy of mitigation planning has also led subsequent



adaptation planning to be modelled along similar lines (i.e. inventory-based,
internationally funded) (Anguelovski and Carmin, 2011). Most contemporary city level
climate adaptation planning thus far has mainly been risk-focused, based upon reacting to
specific perceived climate hazards. This has meant both a focus on biophysical
phenomena (at the expense of socioeconomic phenomena), and a greater emphasis on
solutions to problems the cities in question already have historical experience in dealing
with (Birkmann ez al., 2010).

Due to the lack of national climate change policy, most adaptation planning
currently underway is taking place at the local level (Wang, 2012; Hughes, 2015). There
has been a proliferation of adaptation initiatives at the city level, and the number of
transnational city networks engaged with adaptation planning has also increased
dramatically in recent years (Bulkeley and Castan Broto, 2013). In 2008 almost no cities
had climate adaptation plans while by 2011 many had emerged (Zimmerman and Faris,
2011). However, the number of cities engaged in formal adaptation planning remains
small, even among those with existing Climate Action Plans (Wang, 2012). Climate
adaptation is still largely driven by “pioneer cities” (Lehmann ez al.,2015), and a study
by Reckien er al. (2014) found that most adaptation plans were published simultaneously
with or after climate mitigation plans. They found no examples of cities possessing the
former without the latter.

As of 2015, concrete adaptation actions were quite limited, with most US cities
still in preliminary planning and discussion phases. When adaptation actions are taken

they are often initiated by a triggering event, such as a flood or severe storm, as funding



is easier to justify or acquire after a disaster (Corfee-Morlot ef al.,2011). The actions are
often sector specific, as alluded to above, with water departments addressing water
supply challenges and parks departments dealing with urban vegetation. The most
common motivations thus far have been risk reduction and asset protection (Hughes,
2015), and the most common efforts have involved addressing the physical drivers of
vulnerability (i.e. building codes and other infrastructure standards) and the alteration of
systemic drivers (i.e. laws, urban planning provisions, disaster early warning systems,
public education and outreach) (Corfee-Morlot ez al.,2011; Shi et al.,2015).

Existing funds for city level adaptation mostly come from state or federal government
or from NGOs, but as funding is often reliant on measurable deliverables, most current
funding is used for scientific assessment rather than action implementation (Hughes,
2015). In the US private foundation and NGO sponsored funding is high compared to the
global average. Few cities have pursued adaptation planning without the support of
regional planning agencies or foundations, and although some particularly progressive
cities have pursued adaptation without state mandates, historical experience indicates that
regulatory frameworks are a necessary component of local policy adoption in the face of
resource allocation tradeoffs (Shi ez al., 2015).

As local authority is often nested within higher levels of government, state and
federal mandates will be necessary to future forward movement. The greater
involvement of state and federal authorities also has the potential to bring with it
increased allocations of funding and other scarce resources (Lehmann er a/., 2015). This

current lack of state and federal adaptation policy translates into a lack of resources or



guidance at the city level and an extremely complex funding landscape that the city-to-
city networks and NGOs are not equipped to handle (Hughes, 2015; Shi ez al., 2015).
Thus, while the currently existing networks have proven somewhat useful in the planning
stage, as more cities approach implementation phases greater state and federal
involvement will be crucial, particularly in regards to funding and the creation of
regulatory frameworks.

Some positive trends in current city level climate adaptation planning have been
the creation of new relationships between separate city departments with task forces often
working with several agencies, and higher levels of engagement with other levels of
government, other cities and NGOs in pursuit of funding and examples of best practices
(Hughes, 2015). The flexibility inherent to more localized planning techniques allows
cities to better respond to a wide range of potential future conditions (Quay, 2010), and
experimentation and innovation are currently the norm in much of the contemporary
adaptation planning due to the lack of federal or state oversight. This lack of
formalization has made planning in terms of local realities and in regards to specific
demographics an easier prospect (Anguelovski and Carmin, 2011). Designated lead
organizations have proven to be an effective means of coordinating interagency actions
and engaging local stakeholders (Hunt and Watkiss, 2011), both of which have been
identified as key aspects of successful implementation (Quay, 2010).

Despite the promising directions discussed above, city level climate adaptation
policy is plagued by low levels of translation from rhetoric to action, weak coverage,

poor incorporation of current scientific developments, simplified goals, unclear linkages,



and an absence of concrete implementation planning or any type of binding regulation
(Zimmerman and Faris, 2011; Bulkeley and Castan Broto, 2013; Picketts et al., 2014;
Reckien er al.,2014). The same lack of formalization that makes localized action more
feasible also entails a lack of resources and stability of response. Future adaptation
policy will need to be institutionalized to a greater degree in the form of regulations,
policies, codes, support programs, and a shift to procedures and techniques (Birkmann ef
al.,2010; Anguelovski and Carmin, 2011). It will also require greater quantification,
cross-sectoral impact analysis, location-specific analysis, increased inclusion of
socioeconomic considerations, and appropriately scaled and locally translated scientific
and management knowledge (Anguelovski and Carmin, 2011; Corfee-Morlot ez al., 2011;
Hunt and Watkiss, 2011; Zimmerman and Faris, 2011). In the analysis that follows I
highlight several of these themes as they apply to the specific problems of heat and water
stress and the particular adaptation technique of urban vegetation cover. Many of the
strengths and weaknesses identified above in city level adaptation planning in general
appear specifically in the realm of heat and water stress adaptation, and potential
improvements to planning as it relates to these two problems can often be traced back to
the fundamentals of city level climate governance.

The legacy of sectoral-based approaches to environmental problems and the
existing networks of support between various cities and NGOs are as important to
particular adaptation outcomes as a sound understanding of location specific climate
science. I will accordingly try to strike a balance between emphasizing an understanding

of particular cities’ treatment of heat stress, water stress, and vegetation cover, the ways



in which these issues are refracted through the generalized city-level climate governance
paradigms as discussed above, and identifying the extent to which weaknesses (and
strengths) in particular plans are driven by traits associated with city-level climate
governance or specific interpretations of the underlying science. The goal is to gain a
better understanding as to where exactly city level climate adaptation plans are
succeeding and where they are failing in regards to their treatments of heat and water
stress, to provide a more detailed basis for understanding why this is the case, and
ultimately to help cities improve their responses for future adaptation planning in these

deeply connected areas.

III. Methods

To build a broad understanding of how cities are addressing heat and water stress and
the ways that they articulate an understanding of, and mitigate the potential for,
maladaptive vegetation-based strategies, I conducted a comparative content analysis of
climate adaptation and sustainability planning documents for large cities at risk of heat
and water stress. The investigation was guided by three specific questions:

* Are cities at particular risk from both increased urban heat and water stress

preparing to deal with these issues, and if so how?

* How aware are cities of the linkages between the problems of increasing urban

heat stress and increasing urban water stress?
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* How aware are cities of the potential for maladaptation in the operationalization
of specific actions designed to address one or another of these problems,

particularly in regards to vegetation-based solutions?

I. Selection of Cities and Plans

I focused my analysis on large cities (estimated population of at least 750,000)
that may be susceptible to both heat and water stress. To identify cities, I used the
Koeppen-Geiger climate classification system and UNDESA (2007) population
estimates. Cities were considered susceptible to both heat and water stress if they were
located in the dry arid/semi-arid (BWh, BWk, BSh, BSk) and hot/warm dry season (Csa,
Csb, Dsa, Dsb) climate systems (Peel er a/., 2007) and if they had relevant temperature
and water profiles.' Through this process, I identified 140 candidate cities® (Figures 1 and
2).

I performed internet searches to identify climate planning and sustainability
documents for each of the 140 candidate cities. Individual searches for each city were
necessary because there is no comprehensive collection of city-level climate adaptation
plans (Geneletti and Zardo, 2016). Due to language constraints, my analysis was further

limited to cities with adaptation documents published in English or Spanish.’ My search

" For example, Lima, Peru was eliminated because although it technically lies within the bounds of a BWh
biome, the particularities of its geography cause it to have little seasonal temperature variation, and to be
generally cool and moist.

2 Long Beach, Anaheim, and Santa Ana were included under the rubric of Los Angeles; Riverside and San
Bernardino were considered too similar to and politically intertwined with Los Angeles to be of interest
given the already California-centric nature of the study.

? My language requirements eliminated six European cities with climate adaptation plans: Rome, Naples,
and Palermo in Italy; Marseille and Nice in France; and Lisbon, Portugal.
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yielded adaptation plans for the following twelve cities: Adelaide (Australia), Cape Town
(South Africa), El Paso (USA), Las Vegas (USA), Los Angeles (USA), Madrid (Spain),
Phoenix (USA), Sacramento (USA), San Diego (USA), San Jose (USA), Santiago
(Chile), and Tucson (USA).

Though cities have an array of planning documents that can address different
aspects of heat and water stress, I focused my initial search specifically on documents
relating to climate change adaptation or sustainability planning. Since both climate
adaptation and sustainability actions involve simultaneous consideration of multiple
issues and may involve coordination across multiple city departments, I expected climate
and sustainability documents to provide a reasonable means of assessing if and how cities
recognize and address heat/water linkages.

For the twelve cities in the study, I first analyzed the climate action, climate
adaptation, and/or sustainability plan in the city. Where these plans explicitly referred to
other planning documents, I extended the review to include additional documents as
necessary. In some cities, adaptation and sustainability plans are articulated in multiple
documents published over the course of several years (e.g., Los Angeles, USA). In other
cases, the initial adaptation or sustainability document explicitly referenced another
document or set of documents for a relevant portion of the plan (e.g., the 2008 and 2011
Tucson plans directly refer to the water management plan). Table 1 provides a summary

of the documents consulted for each study city.

i. Analysis of the Plans
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I conducted a direct content analysis of the plans (Hsieh and Shannon, 2005) as
the language used to discuss heat and water stress and adaptation measures is not
sufficiently consistent to justify a keyword-based approach. As such, I read all of the
documents with attention to the relevant content regardless of the specific language used
in the plan. I treated all of the documents for each city as a single articulation of their
vision for adapting to climate change or promoting sustainability.

I first divided the content of each plan into four structural components: information
base, vision and objectives, action, and implementation (following Geneletti and Zardo
2016). The information base encompassed the articulation of the problem, current
conditions, and future concerns. The visions and objectives component consisted of the
affirmative goals and objectives laid out in the plan. The action component detailed the
specific programs and techniques the plans proposed for dealing with heat and/or water
stress. The implementation component contained details regarding how the action items
will be accomplished, including responsibility for implementing the actions, budgets,
timelines, monitoring, etc. While this last component could encompass a range of details,
my analysis focused specifically on the departments or organizations responsible for
implementing the adaptive actions. Breaking the plans into separate components allowed
me to more effectively compare the approaches taken by different cities, as their
corresponding documents did not always obviously map on to one another. By
decomposing each city’s overall plan into smaller pieces, I was able to better assess
consistency and identify the level at which particular issues were incorporated across an

often disparate set of documents. As described below, I conducted a broad assessment
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Table 1: List of Study Cities and Plans Analyzed

Plan Title Year Plan Type
Adelaide, Climate Change Adaptation Action Plan 2011-2013 2011  Climate Plan
Australia The City of Adelaide Strategic Plan 2012-2016 Chapter 6- 2012  City Master
Environmentally Sustainable City Plan
Climate Change Adaptation Action Plan 2013-2015 2013  Climate Plan
Cape Town, Framework for Adaptation to Climate Change in the City 2006 Climate Plan
South Africa of Cape Town
City of Cape Town Sustainable Landscapes, Practices and 2012  Landscape
Guidelines Management
Plan
El Paso, USA Plan El Paso Chapter 5- Public Facilities and Chapter 10- 2012  City Master
Sustainability Plan
Las Vegas, USA | Sustainable Las Vegas 2007 2007  Sustainability
Plan
Las Vegas 2020 Master Plan- Conservation Element 2012  City Master
Plan
Los Angeles, GreenLA 2007  Climate Plan
UsA ClimateLA 2008  Climate Plan
pLAn 2015  Sustainability
Plan
Madrid, Spain City of Madrid Plan for the Sustainable Use of Energy and 2008  Sustainability
Climate Change Prevention and Climate
Plan
Plan de Uso Sostenible de la Energia y Prevencion del 2012  Sustainability
Cambio Climatico de la Ciudad de Madrid, Horizonte 2020 and Climate
Plan
Phoenix, USA City of Phoenix Tree and Shade Master Plan 2010 Climate Plan
Water Resource Plan 2011 Water
Management
Plan
Drought Management Plan and Water Use Reduction 2015 Water
Guidelines Management
Plan
Sacramento, Sacramento Climate Action Plan 2012 Climate Plan
USA
San Diego, USA | City of San Diego Climate Mitigation & Adaptation Plan 2012  Climate Plan
San Jose, USA San Jose's Green Vision 2007  Sustainability
Plan
Envision San Jose 2040 General Plan Chapter 3- 2011 City Master
Environmental Leadership Plan
Santiago, Chile | Propuesta Plan de Adaptacion al Cambio Climatico parala 2012  Climate Plan
Region Metropolitana de Santiago de Chile
Tucson, USA Framework for Advancing Sustainability 2008  Sustainability
Plan
Action Climate Tucson Climate Mitigation Report 2011 Climate Plan
General Plan Chapter 3- The Natural Environment 2013  City Master
Plan
City of Tucson Water Department Drought Preparedness 2012  Water
and Response Plan Management

16



of the treatment of heat and water stress in the information base, visions and objectives,
and implementation components of the plans and conducted a more detailed analysis of
the specific actions outlined for each city.

To get a sense of the broad treatment of heat and water concerns within each city, I
first assessed if cities addressed heat stress, water stress, and the linkages between the
two in the information base, visions and objectives, and implementation components of
the plan using the guiding questions summarized in Table 2. Individual city responses to
the questions were assessed using a binary (Y/N) metric. While the analysis of the heat
and water questions is straightforward, I describe the linkages analysis in more detail
below.

* Information base: A ‘yes’ score was assigned to cities that explicitly recognized

(a) heat stress as placing additional stress on water resources through increased
evapotranspiration rates and/or demand (for consumption and/or irrigation) and/or
(b) water stress as constraining urban vegetation (an adaptive measure for heat
stress). A ‘no’ score was assigned to cities that recognized the issues as unrelated,
tangentially related, or as related only through a mechanism not linked to
vegetation (e.g., energy).

* Visions and objectives: A ‘yes’ score was associated with recognition of a
relationship, positive or negative, between broad goals or objectives for adapting
to heat and water stress. A ‘no’ score was assigned to cities that did not articulate
either constraints or co-benefits in their vision of a cooler, greener, and/or less

water-intensive city.

17



* Implementation: A ‘yes’ score was assigned to cities that discussed coordination

between departments or particular city initiatives addressing heat and water stress.

A ‘no’ score was assigned if there was no evidence of coordination or crossover

between departments addressing heat and water stress.

Table 2: Evaluation Criteria for the Broad Analysis of Heat and Water Adaptation in City Plans

Heat

Water

Linkages

Information
Base

Vision and
Objectives

Implementation

Is heat stress identified as
a concern for the city?

Does the plan present a
vision of a cooler city or
identify urban heat island
mitigation as a broad
objective?

Are specific
implementation pathways
(e.g., departments,
funding streams,
monitoring plans)
identified for adapting to
heat stress?

Is water stress identified
as a concern for the city?

Does the plan present a
vision of a city that uses
less water or uses existing
supplies more efficiently
in the future?

Are specific
implementation pathways
(e.g., departments,
funding streams,
monitoring plans)
identified for adapting to
water stress?

Are connections and
feedbacks between heat
and water stress
identified in the plan?

Are the visions and
objectives presented in
the context of the
linkages between heat
and water stress?

Do implementation plans
include interaction
between heat and water
departments, funding
sources, and/or
monitoring plans?

To analyze the proposed adaptation or sustainability actions, I first identified

common adaptation measures for heat and water stress and classified them as ‘no regrets’

actions or ‘potentially maladaptive’ actions (Table 3). Since vegetation can play an

important role in mitigating future heat stress but can require significant water use, I

considered adaptive actions that involve increasing outdoor vegetation or reducing

outdoor water use as potentially maladaptive actions. Adaptive actions that did not

involve vegetation or reduce watering of vegetation were considered ‘no regrets’ actions

or actions that would not have significant heat/water tradeoffs. These included increasing

18



the albedo of surface materials (e.g., painting roofs white) to reduce the UHI effect and
efforts to increase local water resources through increasing local water retention, water
recycling, and water efficiency technologies. Potentially maladaptive actions included
any adaptive actions that decreased outdoor water use through water use restrictions or
increased local vegetation through planting of shade trees, green roof development, or the
creation of additional green space. These actions were classified as potentially
maladaptive because, for each action, cities can implement them in a way that reduces the

inherent tradeoffs.
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Table 3: Adaptive Actions for Heat and Water Stress

Adaptive Action aI(;I;lorl:alsesl:d maIl);(;lel)ttl:tlion Actions to mitigate maladaptation References
Increasing albedo of surface ~ Heat stress NA NA Frey et al., 2007,
materials (e.g., white roofs) Takebayashi and

Moriyama, 2007;
« | Increasing local water Water stress  NA NA
£ | retention of surface materials Getter and Rowe,
£ | or storm-water capture (e.g. 2006; Coutts et al.,
&
® | porous pavement) 2007
5]
b
éﬂ Water Efficiency Water stress  NA NA Maggioni, 2015;
2 Technologies Perez-Urdiales and
Garcia-Valinas, 2016
Water Recycling Programs Water stress  NA NA

Changnon, 2000;
Pinto et al., 2010;

Potentially maladaptive actions

Planting shade trees

Green roofs and surfaces

Park creation and
maintenance

Water use restrictions

Heat stress

Heat stress

Heat stress

Water stress

Water requirements of
trees may increase
outdoor water use

Water requirements of
vegetation may increase
outdoor water use

Water requirements of
vegetation may increase
outdoor water use

Outdoor water use
restrictions may lead to
vegetation loss

Selection of drought resistant species and
trees with low water needs

Selection of vegetation with low water
needs; xeriscaping

Selection of vegetation with low water
needs; xeriscaping; optimizing location and
size of greenspace; increasing natural
permeable land surface for increased water
retention

Selective use of outdoor water restrictions

Shashua-Bar ef al.,
2009; Guhathakurta
and Gober, 2010

Guhathakurta and
Gober, 2007;
Rosenzweig et al.,
2009

Gober et al., 2010;
Buyantuyev and Wu,
2010

Kenney et al., 2004;
Wang et al.,2012;



I used a two-step process to analyze the action component of each plan. I first
searched the plan to identify which adaptive actions were proposed. I then returned to
plans that proposed potentially maladaptive actions and assessed if the plan demonstrated
awareness of the potential trade-offs between heat and water adaptation and described
measures to mitigate those trade-offs. The second stage of the analysis was guided by the
following questions and cities were given a Y/N score for each relevant question:

* Planting shade trees: Did the plan prioritize the use of drought tolerant tree

species or species with low water needs?

* Green roofs: Did the plan prioritize the use of vegetation with low water needs or
xeriscaping?

* Green space construction: Did the plan prioritize the use of vegetation with low
water needs or xeriscaping, and/or did the plan discuss optimizing the location of
green space to reduce water requirements or strategically increase surface water
retention?

*  Water use restrictions: Were restrictions limited to indoor water use or did the

plan explicitly discuss selective use of outdoor restrictions to limit effects on key

vegetation?
IVv. Results
I. How are cities addressing heat and water stress in climate adaptation and

sustainability planning?
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City planning documents generally demonstrated recognition of the challenges of
heat and water stress and conveyed visions of cooler, greener, and more water-conscious
cities (Figure 3/Table 4; complete results for each city are reported in the Appendix). All
12 cities addressed water stress in the information base and vision and objectives
components of their plans. Recognition of heat stress was ubiquitous though slightly less
consistent. All 12 cities addressed heat stress in the information base and/or vision and
objectives component of the plans though heat stress was only addressed by ten cities in
the information base component and 11 cities in the vision and objectives component.

All cities presented multiple strategies to mitigate or adapt to heat and water stress
(Figure 4/Table 5; complete results for each city are reported in Appendix). To address
water stress, all 12 cities proposed storm-water capture and some form of water
recycling; 11 cities proposed water use restrictions; and ten cities proposed the use of
water efficiency technologies. To address heat stress, all 12 cities proposed the use of
shade trees and the expansion of green space (parks); nine cities proposed the use of
green roofs; and nine cities proposed the use of white roofs. Ten of the 12 study cities
addressed heat and water stress in the implementation component of their plans (Cape
Town, South Africa and San Jose, USA did not, but this was because neither city plan

contained detailed implementation elements in general).

i. Are cities aware of the linkages between heat and water stress and potential

tradeoffs between mitigating or adaptive actions that utilize vegetation or

restrict water use?
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While all study cities highlighted heat and water stress as issues to be addressed,
they displayed more moderate awareness of the ways that heat stress, water stress, and
vegetation are intertwined and the potential tradeoffs between adaptive actions for heat
and water stress (Figure 3/Table 4). All of the cities addressed linkages in at least one
component of their plan, however the treatment of these linkages varied across cities and
throughout the plans.

Six cities articulated relevant linkages in both the information base and vision and
objectives components of their plans. Some cities (Sacramento, USA and Las Vegas,
USA) did not discuss linkages between heat and water stress despite extensive treatments
of both issues separately while others (El Paso, USA and Cape Town, South Africa) gave
differential treatment to heat, water and linkages across these two components of their
plans. Where linkages were addressed in these broad plan components, two relationships
were commonly depicted: (1) the role of increased temperatures in contributing to water
stress through increased water use or decreased water supply and (2) the role of urban
vegetation in both mitigating the urban heat island and retaining excess storm water. With
one exception, cities thus focused on a unidirectional feedback between the stressors (i.e.
heat stress increasing water stress) and the co-benefits of vegetation as an adaptive
measure. The challenges of water and heat were linked and a vision of a greener city was
generally associated with a cooler and more water retentive city. Only Santiago, Chile
identified potential tradeoffs in the vision and objectives component, highlighting the

concern that an expanded urban canopy could interfere with water conservation.
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Figure 3: Comprehensive Evaluation Results
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Proposals to address heat and water stress through strategies that may be
maladaptive were common. My review of the literature identified the use of water
restrictions as a potentially maladaptive strategy to address water stress and the expansion
of green space, green roofs, and shade trees as potentially maladaptive strategies to
address heat stress (Table 2). As seen in the recent example of the California drought,
where water restrictions limit outdoor vegetation watering, they can also lead to
vegetation loss (LA Times, 2016; US Forest Service, 2016; Washington Post, 2016),
which can increase the UHI effect (Tan er al., 2010). The converse concern is that the
greening of cities can stress scarce water resources (Gober er al., 2012). All 12 of the
study cities proposed utilizing potentially maladaptive strategies, and while all of the
plans addressed the need for drought tolerant landscaping, only one noted the tradeoffs
associated with water restrictions (Figure 5).

As noted above, all of the cities did address the potential for maladaptation
regarding urban green space in the action component of their plans to some degree. Some
notably detailed examples of this treatment included Santiago, Chile, and Phoenix and
Tucson, USA. Santiago clearly expressed awareness of the maladaptive potential of all
three vegetation-based heat strategies and water conservation. This plan addressed the
potential maladaptation directly in a distinct section for each proposed action. Phoenix
addressed the tradeoffs between green space, shade trees, and water conservation through
a discussion of the high water requirements of the current, imported, urban forest, the
climatic conditions in the city that impede tree growth, the water/cooling benefit tradeoff

of planting in particular locations, and the low shade potential of a significant subset of
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native plants. The Tucson documents identified the potentially negative relationship
between street tree planting and water conservation and articulated the goal of using
urban vegetation to passively harvest rain water to ‘fund’ urban vegetation grown,
implicitly acknowledging the limitations of the city water resources. Three of the cities
(San Diego, Phoenix, and Las Vegas, USA) did not include green roofs as potential UHI
mitigation strategies at all, but in all of the cases in which a vegetation-based UHI
mitigation technique was proposed, some recognition of the importance of drought-
tolerant plant species and/or increased water retention were included. That is to say,
whenever a vegetation-based cooling solution was suggested, it was offered with the
caveat that it include drought tolerant species.

Conversely, although all of the cities, with the exception of Santiago, Chile,
proposed water use restrictions as a means of reducing water stress, only one city, Cape
Town, South Africa, noted the potential of this measure to adversely affect urban green
space. The Cape Town documents described the potential conflict between outdoor
water conservation and urban vegetation health by recognizing the financial costs of
replacing dead vegetation due to water stress. As such, it was the only plan that clearly
expressed how water stress could shape vegetation health (as opposed to how heat

stress/vegetation expansion could exacerbate water stress).
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Figure 5: Maladaptive Action Recognition
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Most cities showed the potential to proactively address potential tradeoffs
between some adaptive strategies for heat and water in the implementation components of
their plans. Ten cities planned for significant coordination and crossover between
departments responsible for implementing the adaptive actions. For example, Adelaide,
Australia and Madrid, Spain centralized responsibility for tracking and monitoring results
of all of their planned adaptive actions within a single department. Other cities, such as

Santiago, Chile, explicitly discussed plans for increased coordination between
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departments as they operationalize adaptive actions. The only two cities that did not
include significant crossover in their implementation sections, San Jose, USA and Cape
Town, South Africa, did not really contain implementation sections at all, never getting
more detailed in their proposed delegations of responsibility than the City, the City

Council, or regional/national institutional authorities.

V. Los Angeles Case Study

All of the policies and planning documents analyzed above are the products of
social, political, historical, and economic processes. They are a form of officially
recorded rhetoric produced by various municipal governments, and as such can only truly
be understood as both a result of these processes and in relation to the current and future
practices that they inform. In order to build a richer understanding of the processes that
shape climate and sustainability planning, I investigate the evolution of environmental
policy, climate adaptation, and sustainability planning in the case of the largest city
included in the study, Los Angeles. I consider this history in light of recent conflicts
between urban greening and water restrictions. While many aspects of the case are
specific to Los Angeles, the study improves our understanding of how the social and
political conditions within which adaptation and sustainability planning are conceived
can have biophysical implications.

As a major world city possessed of a strong engagement with global climate

change, a relatively progressive environmental perspective, and a historically troubled
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relationship with its water supply, Los Angeles has the potential to serve as a paradigm
for a better understanding of heat and water stress adaptation planning for all of the cities
in this study. Los Angeles also acts as a personal touchstone in relation to the preceding
part of the study, as reports of drought induced vegetation loss in the city, and in the
region as a whole, led to my initial interest in the subject of city level heat and water
stress climate adaptation planning. A state level water conservation mandate in 2015,
while intended to target lawns and indoor water use, ended up allegedly affecting street
trees as well (Washington Post, 2016). The state as a whole has been experiencing an
unprecedented rate of tree death during the last few drought years (LA Times, 2016), but
the effects of this on urban temperature regimes and the contribution of irrigation
restrictions to the phenomenon have not been systematically investigated. This prompted
the idea that the heat-water-vegetation nexus was perhaps not well understood by other
cities that would find themselves in the situation currently facing Los Angeles, and that

an exploratory analysis of this problem was required.

I. Climate Planning

Los Angeles grew from a city of just over four thousand inhabitants in 1860 to a
city of almost four million by 2010 (Los Angeles Almanac, 2017). The city’s rapid
population growth, the dependence of this growth on distant sources of water and energy,
massive infrastructure projects, and low density urbanization set the stage for a
consolidation of social, political, and economic power by the individuals, families, and

factions who controlled these processes (Monstadt and Wolff, 2015). The first formal, as
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we would think of it today, period of local environmental policymaking in Los Angeles,
beginning in the 1990s, was resultantly oriented around the interests of this regional elite
(Keil and Desfor, 1996). The major effort of this initial policy, air pollution control,
addressed a smog problem that had become undeniable to even the most well-positioned
citizens. The Riordan mayoral administration (1993-2001) approached the problem as a
search for an elite consensus on a future economic vision for the region. That vision
included a push to replace outdated and inefficient urban infrastructure, an effort to
reduce water and energy costs, and pollution policies narrowly focused on corporate
emissions and city energy use (Schroeder, 2011). The Los Angeles County Drainage
Area, Los Angeles County River Master Plan, Los Angeles County Department of Public
Works (supported by the Army Corps of Engineers and National Park Service), and the
Los Angeles Department of Water and Power were at the center of this process.
Collectively these agencies served as a kind of informal “institutional government of the
southern California regional environment” (FitzSimmons and Gottlieb, 1993, p.63).

The election of Antonio Villaraigosa to the office of Mayor in 2005 marks the
beginning of “modern” environmental policy and planning in Los Angeles, the first era in
which climate change was explicitly addressed at the city level (Schroeder, 2011).
Beginning with Villaraigosa, the last decade has seen the city government attempt to
rehabilitate LA’s reputation as an “urban environmental dystopia” (Gottlieb, 2007 p. 107)
and achieve the status of “greenest big city in America” (City of Los Angeles, 2007, p.
2). This new effort has not displaced the previously established development patterns

however, and part of the struggle has been how (and how far) to accommodate them.
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Much of LA’s climate policy, even under Villaraigosa and his successor Eric Garcetti, is
still motivated by the need to replace an aging urban infrastructure and reduce energy and
water costs and consumption. By one accounting 20% of the city’s electricity
consumption is expended on moving water into the city (Schroeder, 2011).

Many of these contemporary dynamics are a direct result of path-dependencies
in LA’s urban growth and the sociotechnical regimes that grew up around it. Smith ez al.
(2005) define sociotechnical regimes as “relatively stable configurations of institutions,
techniques and artefacts, as well as rules, practices and networks that determine the
‘normal’ development and use of technologies” (p. 1493). In the case of LA we find a
pattern of growth dependent upon the construction of infrastructure for importing large
quantities of distantly located resources, and driven by competitive interests, powerful
private pressure groups, and individual mobility (Monstadt and Wolff, 2015). Its energy
and water regimes are also embedded in wider regulatory contexts that can serve to
facilitate (state) or inhibit (federal) progressive environmental policy. All of these
governance levels have different technological structures, institutional arrangements,
power constellations, knowledge/labor bases, and regime boundaries, within which the
actions of LA’s directly elected mayor and 15-member city council operate, in addition to
the local and regional environments. Thus Monstadt and Wolff’s (2015) conclusion that
“environmental change in LA unfolds rather incrementally via piecemeal adjustments
within the established patterns of the existing regime” (p.222).

City level adaptation policy in Los Angeles regarding heat and water stress has

been very much influenced by the economic and political patterns of the broader
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environmental planning discussed above, the demands of a powerful business sector, and
a relatively recent “sustainable development” ethos. The documents corresponding to LA
from the previous part of the study originated with the Villaraigosa administration (2005-
2013), and continued through the administration of current mayor Eric Garcetti (2013-
present). In 2005 Villaraigosa issued the Green Plan, the first environmental planning
document in the city’s history to directly address the threat posed by climate change. In
2007 his administration published the Green LA Climate Action Plan (CAP), and in 2008
an implementation blueprint for the Green LA CAP, ClimateL A (Schroeder, 2011).
Villaraigosa’s political leadership has been recognized as an important catalyst driving
the city government’s goal of making LA the “greenest big city in America” (City of Los
Angeles, 2007, p. 2), and in garnering public support (nearly 80% of city residents in
2009) for this initiative (Liberman er a/., 2009). Villaraigosa’s actions in turn appear to
have been largely driven by political ambitions (i.e. a run at the Governor’s mansion) in
fortuitous coincidence with environmentally progressive state-level policy objectives.
California has a history of significant engagement with climate change, and building on
this, the Villaraigosa administration recognized it as a local and immediate problem
which the city needed to address. Villaraigosa also saw an opportunity to raise the city’s
international environmental profile (and bolster his own political capital), as he was
contacted by London at the beginning of his tenure to join the C20 (now C40) network
(Schroeder, 2011).

Climate change policy under Villaraigosa’s leadership focused largely on

mitigation efforts and coalition building (Schroeder, 2011). Villaraigosa created a
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Climate Action Team, which included members of each city department, and a Green LA
Coalition, consisting of the major environmental groups operating in the area. The city
also initiated relationships with national and international environmental organizations
under Villaraigosa’s tenure, including the International Council for Local Environment
Initiatives (ICLEI), the US Mayors Climate Protection Agreement (MCPA), the Clinton
Foundation, and the Sierra Club (Liberman ez al., 2009). The creation of such
relationships theoretically strengthened the administration’s ability to manage cross-
sectoral environmental problems like increasing heat and water stress, as it brought
together different actors who were working on similar issues under various umbrella
organizations. However, a proliferation of umbrella organizations itself complicated the
policy-making environment by increasing the number of parties identified with the
decision-making process without any easy way of differentiating between those in
possession of actual resources. Several independent studies identified important problem
areas with Villaraigosa’s environmental policy achievements in this regard (Liberman er
al.,2009; Schroeder, 2011).

Despite his coalition building and organization of public support, researchers
noted problems of collaboration between different city agencies, among the region as a
whole, and between the city, state, and federal authorities. They noted weak connections
to state and federal legislators and policymakers, and poor information regarding
state/federal funding and grant opportunities (Liberman ef al., 2009). Although particular
agencies might be able to develop a better understanding of a particular problem they

were tasked with solving, all of this local coalition building was not especially effective
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at marshalling resources. The agencies with mandates for adapting to heat and water
stress were thus connected with a variety of actors who could help them craft policy, but
who could do little in the way of funding the enactment of said policy (Hughes, 2015).
The researchers also pointed out a lack of oversight or monitoring, centralized
information resources, common measurement and reporting tools, or best practices.
Coordination between the various NGOs was reportedly poor, despite their partnerships
with city agencies. Each agency was surrounded by a plethora of advisors, and
embedded in a series of informational partnerships, none of which addressed the central
issue of funding. It was generally found that relationships requiring financial
commitments on the part of the city in return for technical assistance, such as the
partnership with ICLEI, appeared to move more successfully from rhetoric to action than
voluntary agreements with no measurement or enforcement aspects, like the partnership
with MCPA (Wang, 2012). Heat and water stress under this paradigm were further
fragmented into particular projects, with different funded agencies responsible for
carrying out different aspects of one or another of the proposed solutions to these
problems.

The environmental policy situation under Garcetti remains similar to its status
under Villaraigosa, which in turn inherited many of its realities (if not its rhetoric) from
the 1990s. The Federal Government is still largely an inhibitive force regarding climate
change, while the state is at least superficially supportive. Partnerships with local,
national, and international NGOs seem to work best when there is some financial

commitment on the part of the city, and buy-in by the business community is still
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imperative. The population is expected to continue to grow for the foreseeable future, and
this reality, and guiding the economic benefits of this process towards particular sectors
of the population, undergirds much of the existing and proposed climate change policy.
Mitigation rather than adaptation remains the city’s environmental watchword.

Despite these numerous problems with the general state of city level
environmental planning in Los Angeles, the current administration seems to be moving in
the general direction of addressing heat and water stress as connected phenomena. The
high rate of tree mortality caused by the drought has forced the local government and the
citizenry into a better understanding of the mediating role urban green space plays
between water and heat. While many of the problems discussed above still manifest
themselves in the current state of water and heat stress planning at the city level, there
does appear to be a growing recognition of their linked nature, and a concerted effort to

address adaptation efforts accordingly.

i. Water Resources

The most important water policies to affect Los Angeles during the past several
years were a pair of water use reduction mandates. The first of these was a 20% per
capita water use reduction goal for the city issued by Mayor Garcetti in 2014 (LA Times,
2014). The second was a mandatory 25% net water use reduction for all urban areas in
the state, issued by the governor in 2015 (LA Times, 2015a). The latter was
accompanied by a turf removal program that encouraged citizens to stop watering their

lawns and replace them with drought tolerant landscaping. Another notable aspect of the
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state level water use reduction mandates was the exemption of the agriculture industry,
by far the largest user of California’s water supply (LA Times, 2015b). This left urban
residents to bear the brunt of the water conservation effort, much of which was
necessarily directed at outdoor irrigation. The political power of the agricultural industry
thus played a key role in shaping contemporary LA water policy, which in turn may have
partially driven a biophysical outcome of massive tree death. The actions of the LADWP
may also have contributed to this result, at least initially. By not reducing their own
excessive water use, the agriculture sector was able to push the costs of the drought onto
urban water consumers. These consumers then reduced outdoor irrigation, which
included necessary water inputs for urban trees. The turf replacement program
encouraged consumers to let their lawns die, a process many customers extended, either
purposefully or unconsciously, to their trees as well. Although the LADWP eventually
attempted to correct this interpretation of their mandate through public outreach, these
actions invariably contributed to the water stress on urban trees in LA. This deferral to a
major economic interest has precedents in the business-focused environmental policies of
the 1990s, as does the inclusion of a major infrastructure renovation (turf replacement) to
be enacted by a powerful local agency (the LADWP).

The LADWP is the country’s largest municipally owned utility and provides
water and power to some four million people. It owns and operates all power generation,
transmission, and distribution within its service area and is governed by a five-member
board appointed by the mayor (Carlson, 2008). Despite mayoral board (and general

manager) appointments there is a middle management layer within the department that is
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immune from layoffs under civil service rules. During Villaraigosa’s administration this
cadre of managers was particularly adamant about maintaining the utility’s historical low
rate policies and focus on energy reliability. They were generally opposed to any
directives interfering with these mandates, including the mayor’s environmental
objectives. Accentuating this hostility to Villaraigosa’s environmental initiatives was the
threat to the LADWP’s electricity-generation capacity, largely coal-based, from new state
level rules embodied in the California Renewable Portfolio Standard (2002) which were
codified into law in 2011. The utility’s conflict with the CRPS was in regards to a 33%
renewable energy sourcing mandate to electricity producers. A Renewable Energy
initiative in 1999 had included the LADWP on a strictly voluntary basis, but it was not
until Villaraigosa’s administration that their autonomy was significantly challenged on
environmental policy at both the state and municipal levels (Monstadt and Wolff, 2015).
The LADWP is the single most important player in LA’s energy and water supply
networks. It integrates water and power under municipal management and possesses
financial resources equivalent to the city’s general budget. It employs a staff of over
9,000 employees and contains a revenue producing department that transfers a portion of
its annual electricity revenues to the city General Fund (Monstadt and Wolff, 2015).
Although the conflict discussed above was about energy, the major role the utility plays
in local water policy and its involvement in contemporary urban greening initiatives
makes it an area of interest for this study. It highlights the potential subordination of
environmental policy in general to clashes over economic and political interests. It also

demonstrates the existence of conflicting objectives within municipal government, and
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provides a glimpse of the ways in which political power is actually wielded, rather than
how it is envisioned rhetorically.

The resolution to this conflict, in which the LADWP adopted a higher percentage
of renewable sources for its electricity generation, but also maintained its centralized
control over the city water and power supplies, warrants some attention as well (Monstadt
and Wolff, 2015). Villaraigosa’s opponents in the utility were not so much against
greater sourcing from renewable power sources per se, but were opposed to what this
might mean for their level of control over the power supply and capacity to generate
revenue. While in theory the mayor’s administration would probably have liked to curb
the utility’s autonomy (which would also have likely benefited consumers in the long
term), they decided to compromise this outcome in order to achieve their primary
objective. It is almost certain that the pursuit of heat and water stress reduction policies
will encounter similar obstacles, and possibly involve the same players, so the preceding

story could serve as a guide to navigating future conflicts.

Iil. Urban Greening

Responsibility for urban greening in Los Angeles, unlike water conservation
policy, is shared by several organizations. There are four major urban greening
initiatives currently existing in Los Angeles, each controlled by a different city agency.
City Plants, the street tree program, is governed by the LADWP. The 50 Parks LA
initiative is being overseen by the Los Angeles Department of Recreation and Parks. The

LA River Revitalization Project is run by the Los Angeles Department of Public Works
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and the Department of Building and Safety is in charge of the limited green roof
initiative. All of these, excepting the LA River Revitalization Project, were initialized
under the Villaraigosa administration, and continue in some form under Mayor Garcetti.

In 2006 Villaraigosa instituted the Million Trees LA program, a plan to plant one
million trees throughout the city (Schroeder, 2011). In 2010 the Trees for a Green LA
program merged with Million Trees LA to form City Plants. Both organizations adjusted
their missions to prioritize location/species specific plantings intended to maximize
benefits rather than target a particular number of trees. City Plants provides free trees to
LA residents, plants street trees throughout the city, and educates and trains local
communities on tree maintenance and care. The LADWP is the program’s largest
financial sponsor. City Plants distributes up to 15,000 trees every year, and focuses their
planting efforts on “low canopy” communities in order to maximize energy efficiency,
stormwater capture, conservation, and climate adaptation. Their modus operandi takes
into account both micro (i.e. household level) and macro (i.e. neighborhood level) scale
locational considerations, and includes water use information for each tree species they
promote. Because of the involvement of the LADWP, City Plants is an example of a
greening initiative with a particularly strong recognition of the interlinkages between heat
and water stress. They highlight the water efficiency of trees as opposed to lawns, and
have taken an active stance to curb tree casualties in the turf replacement and irrigation
reduction initiatives (City Plants, 2015a).

Another part of the Villaraigosa administration’s urban greening plan included the

construction of 35 new parks in the city by 2010 (City of Los Angeles, 2015). This was
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successfully achieved and expanded upon by Garcetti’s administration as 50 Parks LA.
50 Parks LA is primarily owned by the LA Department of Recreation and Parks, although
a number of other city agencies, private partners, and community partners are involved.
The objective of the 50 Parks initiative is to develop a series of small (pocket) parks on
blighted and abandoned real estate parcels, with a focus on South LA and on localized
access (i.e. walkability from nearby neighborhoods). Due to their proposed small size and
the incorporation of sustainability principles into the design process they are expected to
be relatively low maintenance green spaces (LA Department of Recreation and Parks).
Although operating with a reduced budget and staff, the 50 Parks LA initiative had
completed 34 parks by 2015, with 20 more under construction (LA Parks Foundation).
Villaraigosa’s Green Building Ordinance in 2008 included a green roof initiative,
which has been continued under the Garcetti administration as a cool roof initiative
(Schroeder, 2011). There is not currently, to my knowledge, a specific directive that
mandates green or white roofs, but the city has instituted a requirement that all new
buildings over a certain size must be LEED accredited. This accreditation process is
overseen by the Department of Building and Safety, and green roofs are one way that
construction companies are able meet these requirements (Green Roof Technology,
2017). Interestingly, the Villaraigosa era enthusiasm for green roofs was replaced by the
Garcetti administration’s focus on white roofs. As Garcetti took office during the
beginning of the drought, the water neutral white roof solution to urban heat stress may
have appeared more appealing than the vegetation-based alternative. However, it is more

likely that this was a result of economic pressures, as green roofs are significantly more
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expensive than white roofs (Rosenzweig er al., 2009). Regardless of the reason, the
practical outcome has been the replacement of a potentially maladaptive vegetation-based
heat stress solution with a water neutral approach.

The last major greening initiative in the city, the LA River Revitalization project,
is a contentious process stretching back to at least 1985 (The Nation, 2016). The vision
driving it is that of a restoration of the “original” ecosystem comprising the 51 mile LA
River, with a particular focus on the 32 miles that pass through the city itself. This vision
includes removing the concrete canals through which the river currently flows, the
creation of a series of parks and bridges, and commercial redevelopment (City of Los
Angeles, 2017). The project is relevant to this study primarily in terms of park creation.
It is overseen by the LA Department of Public Works, Bureau of Engineering. The
LADWP and Department of Recreation and Parks have some involvement with different
parts of this project as well, giving cause for some cautious optimism regarding the
potential for a better integration of urban greening initiatives across the city as a whole.

Although it is never expressed explicitly, and all of the major greening initiatives
are run by different agencies, there does seem to be a general movement within the
vegetation-based heat stress reduction initiatives in the direction of taking water
conservation into account. City Plants is funded by the LADWP, and appears to be
targeting their messaging towards citizens who have been neglecting or destroying their
trees as part of the turf replacement or irrigation reduction programs. The Recreation and
Parks Department is focusing on creating smaller, scattered parks with low maintenance

designs, with the idea of both maximizing cooling potential and minimizing the resources
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needed for upkeep. The green roofs initiative has transitioned into a more water efficient
cool roofs initiative, and the involvement of the LADWP in the LA River Revitalization
Project suggests that at least one major actor involved in that process will have some

awareness of the heat-water-vegetation nexus.

. Linkages and Drought Impacts

The history of the business-centered environmental policy that marked 1990s Los
Angeles continues to appear in contemporary heat and water stress reduction planning at
the city level. The exclusion of the the agriculture industry from the water ban is the
most glaring example of this. The lack of coordination between the state and local
governments played a role in the recent wave of tree mortality as well, raising questions
about the effectiveness of local coalitions and peer-to-peer climate networks as heat and
water stress adaptation strategies. The situation also demonstrated quite clearly where
both the state and local governments’ priorities lay when it came to distributing the costs
of a dramatically reduced water resource. Despite the efforts of the Villaraigosa
administration to redefine the city’s rhetoric and organizational capacity around
environmental issues, the current iteration of heat and water stress adaptation policy still
bears many of the features of earlier, less progressive administrations. The major
agencies from the Riordan administration are still the most important actors, and
appealing to their particular objectives, as well as those of the major regional economic
interests, remains the most well-defined pathway by which to convert rhetorical positions

into policy and action.
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If considered from the perspective of the state as a whole, the collective effect of
the water drawdown from the recent drought (2012-2017) appears to have largely been
inflicted upon the reservoir of urban vegetation cover. Indoor water use could only be
curtailed so much, and agriculture was exempted. This led to water being pulled from
what was initially considered to be an expendable end use. As the effects of this become
clearer however, as the leaves wilt and the grass burns, as 62 million trees die in one year
alone and the temperature rises in the city, a movement in the other direction appears to
quietly be growing (LA Times, 2016). An increasing recognition of the links between
water stress and heat stress, and the role that vegetation plays in both, is evidenced by
agency crossover and CBA-style approaches to vegetation-based cooling solutions. Tree
planting, which is seen as providing a cooling benefit with a smaller water input than
grass, is being encouraged in parallel with turf removal. Park creation is relying more on
native vegetation and smaller offerings that reduce water use. White roofs are
increasingly favored over green roofs. Water policy appears to be less promising in
terms of its recognition of linkages between heat and water stress, but there are still some
grounds for optimism. Although the blanket urban water use reductions have not been
significantly challenged, the involvement of the LADWP with City Plants has led to a
concerted information campaign to continue tree irrigation as a kind of water-efficient

use of hydrological resources (City Plants, 2015b).

VI. Discussion
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Increased heat stress and water stress are two of the most significant routes by
which global climate change will impact cities throughout the world, even those not
currently facing such problems. As evidenced by the history of environmental policy in
Los Angeles, past actions shape current conditions, and the way in which cities react
now, when the problem is still theoretically manageable, will reverberate far into the
future. When thinking about future courses of action, it will be important to understand
the paths along which the current situation developed. Understanding who the major
actors are, their objectives, and how these objectives conflict or cohere with the interests

of other stakeholders is of the utmost importance in this process.

I. Biophysical Aspects

The Los Angeles case demonstrates some potential, real, on-the-ground
consequences that a failure to properly understand the linkages between heat and water
stress and the mediating role of vegetation might have. The recent tree mortality, driven
in some capacity by the drought, is an example of such an unappealing, and avoidable,
outcome (US Forest Service, 2016). By conceptualizing the heat-water-vegetation nexus
in only one direction, i.e. that increased heat causes water stress, the city failed to protect
its most important cooling mechanism, the urban canopy, from the impact of increased
water stress. The LA case also accentuates the need for a stronger scientific
understanding of the different cooling potentials of mesic and xeric plant species, the
extent to which irrigation restrictions (as opposed to reduced precipitation or snowpack)

were responsible for the high rate of tree death, the quantitative effect of the recent tree
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death on urban temperatures, and a better understanding of regional water budgets, given
that much of the city’s water is piped in from the Sierras and the Colorado River.

The findings of the city level analysis suggest that the role of water in city climate
adaptation plans needs to be conceptualized more actively across all cities. The role of
temperature as a causal agent was fairly consistent across all of the city plans analyzed,
but the same was not true of water. Water, in its capacity as a key input of shade
structures and its conversion of sensible to latent heat fluxes, is an integral component of
urban temperature control (Getter and Rowe, 2006). How exactly water conservation
plans are operationalized is as important as how extensive they are. Temperature, as most
cities in this study recognized, is a fundamental component of water use patterns. But
equally important, and generally lacking in these city plans, is an awareness of the fact
that water use patterns have a significant impact on local temperature regimes. With this
in mind, a comparison of the awareness of potential maladaptation from the direction of
irrigation restrictions versus an awareness from the direction of shade tree plantings
(serving as a composite for all vegetation-based UHI solutions) further illustrates a
unidirectional tendency in the understanding of the relationship between urban heat and
water stress. Recognition of a maladaptive relationship from water to heat or vegetation
was present in only one of the sample plans, while an understanding of a maladaptive
relationship in the other direction was present in all of the cities in which a particular
action was included.

One suggestion then for cities as they move forward with their climate adaptation

plans is to include detailed heat and water budgets as a necessary component of
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implementing any particular action related to urban vegetation cover or water use.
Reductions in outdoor water use need to be implemented with explicit consideration of
the potential effects on urban vegetation cover, which in turn needs to be considered in
light of its effect on temperature. Conversely, urban greening solutions to UHI need to
be deployed with an eye to projected additional water use as well as to their beneficial
temperature effects. Because these relationships are so variable across climate regimes,
spatial specificities, and community needs, a spatially precise budgetary approach that
accounts for water and temperature effects for both proposed water use restrictions and
urban greening UHI solutions would ensure a certain level of consideration for potential
maladaptation that appears to be lacking in most of the sample cities’ plans. This tactic
would help minimize unplanned water shortages and prevent the die-off of urban
vegetation, at least in the cases when such outcomes would impose a disproportionate
cost. Through stormwater capture, greening solutions also have the potential to supply
some of their own water inputs.

A major implication following this line of thinking is a reconsideration of the role
of urban vegetation in dry and arid cities. A significant portion of the existing vegetation
in the study cities is non-native. Some species have acclimated and established
themselves, and others are supported by copious amounts of non-local resource inputs
(i.e. irrigation, fertilizer). Many desert plants, precisely because of the evolutionary
processes they underwent to survive water scarce environmental conditions, are not
particularly effective cooling agents (City of Phoenix, 2010). This suggests that imported

species are responsible for at least some portion of urban cooling in dry and arid cities.
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While some may be imported from other desert climate systems, many are imported from
climates with larger local water supplies, suggesting that they require water inputs
beyond those available through the local precipitation cycles and groundwater reservoirs.
The degree to which these imported species make a warm, dry local climate more
thermally livable for a human population would then be dependent upon a quantifiable
water input. The degree to which this imported canopy changed the local temperature
regime is also theoretically quantifiable, as would be a similar measurement for a local
canopy composed entirely of native desert plants. By comparing the two over a
climatologically similar area, one could determine the extent that water imports make, or
are unnecessary to making, a particular area thermally viable for human populations of
any given size. Fundamentally, we could determine whether or not imported, water
intensive vegetation is a necessary component of human desert colonies or a luxury, and
using this information make policy decisions that minimize both the impacts of
increasing heat and water stress and the resources used in implementing these measures.
On the theme of suggestions for plan improvement at the level of individual
actions, white roof deployment (absent in 25% of the plans) could be improved. White
roofs are an excellent, water-neutral solution to increasing urban heat stress, and are also
generally cheaper and more easily implemented than green roofs (Rosenzweig et al.,
2009). White building envelopes offer a solution to increasing heat and water stress that
does not require additional open space in the traditional sense, and one that could
theoretically be delegated to property owners. Implementing a building envelope

mandate could serve as a kind of progressive tax on a segment of the population that
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currently enjoys many of the benefits accruing to the processes that have led to increasing
municipal heat and water stress. White roofs are a prime example of a ‘no regrets’
solution to mitigating urban heat stress. Water conservation technologies, an example of
a heat neutral ‘no regrets’ approach to managing water stress could also be invoked more
frequently (absent in 20% of the plans). For the cities included in this study, the first and
best approach to managing both heat and water stress will be these ‘no regrets’ actions as
opposed to vegetation-based solutions, as they do not carry the burden of potentially
contributing to other problems.

On a positive note, and one that should be shared with other cities facing similar
climatic constraints, the study cities had a generally enlightened approach to green space
creation. Green space needs to be deployed with well-designed spatial considerations
(i.e. to neighborhoods with low tree cover, small scattered plots rather than large
centralized parks) in order to deliver a substantial cooling impact. Stormwater retention,
with its attendant benefits of providing a supplementary water resource for the green
space in question, is also an important consideration. All of the plans demonstrated an
awareness of either one or the other of these details of green space creation across all of
their vegetation-based planning. The spatial component of green space is important not
only for parks but for trees and building envelopes as well. Targeted plantings can yield
much greater benefits if they are introduced into particularly hot or bare areas (Shashua-
Bar and Hoffman, 2000), but local water cycle regimes must be borne in mind as well. In
Los Angeles, the focus of the 50 Parks LA initiative has been on the construction of

“pocket” parks in areas with a sparse urban canopy rather than on large centralized park
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creation. Contemporary research in this area lends credence to the idea that this approach
(smaller, scattered green space creation) is a more effective cooling mechanism than the
latter. The fact that all of the study cities acknowledged one or both of these aspects of
green space creation in their planning documents, and that the only city I looked at in
depth was actually implementing these ideas in practice, bodes well for the future

prospects of urban green space creation as an effective cooling technique.

i. Sociopolitical Factors

At the level of implementation, agency crossover appeared in all of the plans that
actually distributed responsibility for actions to specific groups. The level of existing
agency crossover is promising, and may indicate that some of the lack of maladaptation
awareness present at the level of specific action items will be superseded by various
responsible agencies exchanging information and coevolving their plans to better
coordinate with those of their coworkers. This was perhaps the most positive finding of
the study, as the potential for preventing maladaptation between heat and water stress
solutions should be greatly increased if the same groups of people are involved in both
simultaneously. However, as highlighted by the Los Angeles case study, working on the
same project does not necessarily mean working fogether. If city agencies (or non-
profits) approach such prospective joint projects from a territorial perspective real
collaboration may be inhibited. It will be important to ensure that rhetorical agency
crossover at the policy level translates into actual interagency relationships, rather than a

series of separate, and perhaps conflicting, approaches. The sector specific approaches to
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climate adaptation planning discussed in the literature review remain problematic, and
even with a newfound rhetorical commitment to interagency collaboration, heat and
water stress planning often remains a territorial endeavor. Even in the case of strong
regional collaboration with NGOs, as in Los Angeles, a lack of hierarchical integration
with state and federal agencies is a problem. While strong NGO support and membership
in peer networks, like the C40, provides some useful information sharing opportunities,
they are not able to compensate for the resources these other types of relationships are
able to provide.

Many problems that are framed as in need of engineering solutions are actually
social and political at their root. Offering technical solutions can thus alleviate some
aspects of the problem, but it is necessary to understand the sociopolitical dynamics of
the issue as well. In the case of the heat-water-vegetation nexus problem investigated in
this study, we can see some examples of where this might be the case. In general, the
plans all suggest the possibility of hotter drier cities as a common problem, with greener
(and hence cooler) more water conservative cities proposed as an ideal solution. The
entities tasked with carrying this vision out vary slightly from city to city, as do the
particular methods, but the underlying assumptions and frameworks of all of the plans are
strikingly similar. The entire endeavor is posed as a biophysical problem with a
biophysical solution. And in some ways it is just that, as heat and drought are certainly
physical phenomena. However, the context in which these phenomena are taking place
and in which they are being addressed is that of dense concentrations of human beings

and human-generated infrastructure. These situations arose in the first place because the
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activities which produced them created real or perceived benefits for particular groups of
human beings. The real or perceived costs are now falling on different groupings of
human beings, and how they are distributed is central rather than tangential to how this
process will play out.

There are parallels here to the ways in which climate change in general is
approached as a problem at the international scale. The benefits of encouraging certain
physical processes have accrued to certain human groups while the costs of these
activities have largely fallen on different groups. Specific patterns of social hierarchy
emerged over the centuries during which these activities were taking place, and different
groups and individuals over the course of the accrual process found themselves
occupying different places in these patterns with varying levels of privilege and
resources. We now find ourselves collectively planning for a very uncertain future,
facing intimations of significant change. We are also in a situation in which much of the
rhetoric that provided some sort of rationale for the major social patterns as they have
formed over the past 400 years is increasingly being called into question. The engines of
economic growth that fueled so much of the past several centuries’ accumulation are
beginning to run up against the thermodynamic reality of Earth as a closed physical
system. The “eternal life” promised by meritocracy and infinite growth are being viewed
with increasing skepticism by those in the less desirable positions in the social pattern,
while those in the better positions are loathe to give up their privileges.

At a different scale we can see similar processes playing out in our study cities.

Increased heat is an externality generated by processes both local (i.e. infrastructural heat
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absorption) and non-local (i.e. fossil fuel use) that create benefits for certain groups of
people. Water use and conservation is also distributed socially, hence the agricultural
sector’s absolution from participating in the statewide water use reduction mandate.
Framing adaptation to heat and water stress as an engineering problem is somewhat
misleading in this context. The costs and the benefits of the generative processes are not
equally shared, and as we can see from the Los Angeles case study, the proposals in place
likely have significant input from those who are already well-positioned. The goal of
these plans, and the government administrations proposing them, is then not some
abstract cooler, greener, more water-secure physical environment in a strictly objective
sense, but a social distribution of the costs incurred by the accumulation of benefits by a
much smaller slice of the population in question. This is, perhaps, a restatement of the
obvious, but it is a reality that is often obscured by the use of scientific language in
government policy. I call attention to it here because in a certain sense it defines the
limits of what it is possible to achieve with respect to city-level adaptation to increased
heat and water stress. From a purely pragmatic point of view, it is important to recognize
that any proposed changes will be filtered through a social process in which, barring
revolt or some unforeseen increase in the power of civil society, the actions and
objectives of particularly well-positioned institutions, organizations, and individuals will
carry significant weight. As we consider pushing for particular policies and solutions to
the problem of urban “browning” and the accompanying heat and water stress, it will be
important to know who these people or organizations are and what their objectives are vis

a vis our own positions.
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The story of former mayor Villaraigosa’s conflict-riven relationship with a city-
owned utility highlights some of these important social aspects of local climate change
policy-making. The first is that, as alluded to above, institutional and technological
changes in urban development are often shaped by path dependencies and the inertia of
pre-existing systems. Once in place, the political and material infrastructure becomes
fixed, both physically and socially (i.e. governance, finance, maintenance, operation).
After it is established any innovations are likely to follow the requirements of the existing
regime, path-deviant solutions facing significant barriers to implementation (Monstadt
and Wolff, 2015). In the context of Villaraigosa’s public clashes with the LADWP, one
of the key takeaways is that his objectives were only pushed through as they were able to
ultimately conform to the political imperatives of that institution, leaving intact their
monopoly-like control over the city’s water and power. Climate change policy is so
divisive because many of its assumptions are threatening to existing (powerful) social
configurations. Thus, one approach to pushing aspects of it through at the margins
includes that taken by the Villaraigosa administration, which entails ceding certain
prerogatives to the status quo. This is not to suggest that all climate change adaptation
planning must occur only according to the dictates of entrenched power. Equally as
important to the paths that policy might take are the ideas of evolution and change. In the
LA case we saw the emergence of new types of planning and city activities such as the
move from mitigation to adaptation. We saw interagency interactions increasing and new

initiatives, like City Plants, being born from the Million Trees program. All of these are

53



responses to biophysical realities as well, and while change is certainly constrained by the
existing political and physical infrastructure, deviations are possible.

Many of the broad concepts discussed in the city level adaptation policy literature
review appear to be both vindicated and challenged by the Los Angeles case study.
Although city governments are in a position to lead climate adaptation efforts due to
ostensible control over local land use and institutions, as we see in the LA case, this
control is often only nominal, and challenged by other powerful interest groups with
conflicting objectives. In the context of the LA case we also see examples in which
adaptation efforts are fragmented by agency (i.e. the leads agencies for all four major
greening efforts are different) and the effort being put in to challenging this
fragmentation (i.e. LADWP is involved with both water and multiple greening efforts;
creation of interagency committees) (Bulkeley and Castan Broto, 2013). The state level
regulatory environment in California appears to be as important to the current state of
heat and water stress adaptation as does the lack of funding integration between the state
and city governments (Lehmann ez al., 2015). The complexity of the resultant funding
landscape is seen in the current muddle of NGOs and intercity network relationships (Shi
et al.,2015). Building codes, government mandates, and public education seem to be the
favored techniques for approaching heat and water stress mitigation (Corfee-Morlot et
al.,2011). The focus on previously experienced problems emerges in the city’s
prioritizing of water conservation over UHI mitigation, and the drought can even be seen
as a kind of triggering event, sparking some of the recent adaptation efforts undertaken

(Birkmann et al., 2010; Corfee-Morlot er al.,2011). The low rate of translation from
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rhetoric to action is another hallmark of climate adaptation planning discussed in the
literature review that is all too evident in the case of Los Angeles (Zimmerman and Faris,
2011).

The most important understanding to be gleaned from the study of climate
adaptation planning in Los Angeles is that of the ways in which programs evolve and are
constrained by entrenched social power and existing infrastructures. Most problems are
the result of costs accruing from some benefit generating activity, and every solution will
also carry with it a variety of costs and benefits that must be distributed. The proverbial
win-win solutions so favored by government rhetoric are few and far between in the real
world (Wang, 2012). Studying this reality with a gimlet eye and understanding the
outcomes we would like to see, given the social realities existing at a particular location,
will allow us to make future policy decisions regarding the distribution of the costs of
increased heat and water stress that are more in keeping with what we actually desire to
accomplish. The idea of tradeoffs appears again, this time in the guise of political
feasibility versus solution efficacy. We need to remember that the rising levels of heat
and water stress facing cities are problems for a reason. They have largely been
generated to create benefits for a certain segment of the population, one that usually
wields a great deal of political and economic power within a given locality. Adapting to
them and changing the conditions under which they arose will often be an adversarial
process, but not always, and sometimes one in which the forces aligned on the side of the
changes we would like to see are overmatched. Thus as we continue to envision ways of

adapting to and mitigating these problems, understanding the social patterns in which
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they are embedded, moving through the already established channels when possible, and
picking fights when necessary, will all be imperative. We have come a long way in the
last few decades in our understanding of the embeddedness of social systems in
biophysical systems, but it is important to remember that for human purposes the reverse

is equally true.

1. Recommendations and Conclusions

A general awareness of some relationship between temperature, water, and
vegetation was fairly robust, with 92% of cities articulating it in the realms of either
problem (information base linkages) or solution (vision and objectives linkages), and
50% of cities expressing it in terms of both problem and solution. As mentioned above,
however, this recognition of a relationship generally flowed in the direction of heat or
vegetation to water use. An awareness of water use as an active component of urban
vegetation cover and temperature modulation needs to be equally emphasized. An
understanding of water, temperature, and vegetation cover as equally fundamental
structural components that need to be accounted for comprehensively when considering a
decision involving any one of them in isolation would go a long way towards preventing
outcomes similar to the one currently occurring in California.

Based on the analysis of the city planning documents generally and some of the
important historical and social processes leading to their creation in Los Angeles, my
suggestions for future planning efforts in the realm of heat and water stress adaptation

policy can be summarized as follows:
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Generate water/temperature budgets for all water or heat stress mitigation
actions with vegetation or water use components

Increase awareness of outdoor water use restrictions as having the potential to
aggravate UHI

Increase awareness of urban vegetation cover as having the potential to
intensify water stress

Greater use of white roofs as UHI mitigation technique

Improve understanding of temperature, water, and vegetation as foundational
pillars to be equally considered when making or forecasting changes to any
one of them individually

Improve understanding of water allocations as fundamental to urban
temperature control

Encourage the translation of the rhetorical collaborative tendency cities show
in their policy proposals into real cooperative projects

Identify local social patterns within which heat/water stress adaptation is
taking place and pursue policy objectives in such a way that these are

accounted for

The cities from this sample showed a strong recognition of climate change induced

heat and water stress as a coupled phenomenon, but they were not very prepared for

possible maladaptation resulting from irrigation restrictions. The findings from this study

are obviously important due to the human health implications of higher urban

temperatures and reduced water availability, but they are also important because, as
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discussed at the beginning of the study, the field of city level climate change adaptation is
relatively immature, and thus presents an opportunity to make significant changes before
solution “lock-in” occurs, and mistakes become exponentially more expensive, in both an
economic and human sense. The improvements suggested above could be implemented
by cities without much additional work or expense and have an enormous potential
upside. They are, crucially dependent upon their timing, low risk and high reward
interventions.

It is important to keep in mind that this study is not comprehensive, and that it reflects
only the findings for a small, geographically concentrated sample of cities. Even within
this small sample the frame of vision varied from three to 100 years, and different
forecasting tools and climatic conditions led to very different visions of the future across
cities. Because the literature of climate change adaptation planning is so recently
developed, finding comparable plans across cities was also a challenge, and at times
imprecise. Thus comparing individual cities to one another, or even making definitive
statements about a particular city’s comprehensive vision regarding heat and water stress
mitigation was difficult given that this information was often spread throughout many
different documents. Future research on this topic should focus on shoring up these
weaknesses, ensuring that a given city’s vision is as comprehensively captured as the
publicly available documentation will allow, and that all of the cities with heat and water
stress adaptation planning documentation are represented (i.e. recruiting native-speaker
collaborators to assist in searching for and translating documentation from non-

English/Spanish speaking cities). Reaching out to city officials for policy documents that
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are not publicly available would be another way to improve the study. More detailed
studies of individual cities along the lines of the LA case study, cross-border city
comparisons, and studies of public versus private ownership of land parcels and utilities
are just a few of the multitude of other interesting directions in which it could be taken.
One final point worth considering is the role of vegetation in dry cities. For a true
desert city like Phoenix or El Paso, the very notion of sustainability is challenged by the
concept of a lush urban forest. In places like these, where the native vegetation has
limited cooling potential and regional water resources are increasingly strained by
growing populations, the priority of UHI mitigation may have to take a backseat to other
concerns. Urban expansion will thus need to be carefully considered in terms not only of
future human beings but also in terms of imported water for imported vegetative surface
cover, and ultimately in terms of the economic viability of such imports. The thermal
livability of these cities, as explored in this study, are strongly tied to current water
allocation ratios, something they will need to wrestle with as they continue to grow.
These types of cities will be among the first in the developed world to have to reckon
with the contradictions inherent to a philosophy of infinite economic and population
growth in a world of limited resources. A continually expanding forest in the middle of a
desert is a project with a decidedly limited lifespan, but zow exactly this is true will have
implications for proliferating urbanization in all types of climates, under many varieties

of constraint.
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VII.  Appendix

Table 4: Comprehensive City Plan Heat/Water Stress Evaluation Results
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Table 5: Action Scale City Plan Heat/Water Stress Evaluation Results
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