Is it Getting Hot in Here? A Mixed Methods Approach to Explaining
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Introduction

Towns in eastern Massachusetts are implementing water restrictions

“Suburban Drought” in Eastern Massachusetts
Author: Troy Hill '06 (First Reader: Colin Polsky, Second Reader: Robert Goble)

Quantitative and Qualitative Results
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in years with plentiful rainfall. This study attempts to explain this
phenomenon using regression modeling and interview-based narratives.
By focusing on suburbs of Boston and selecting 7 communities based on
their degree of sprawl-style growth (a process described in Fig. 1), this
study asks:
Is development affecting vulnerability to drought?

Vulnerability is understood to be a function of exposure, sensitivity,
and adaptive capacity (the ability of a system to cope with a hazard).
Drought, in this study, is taken to mean simply an inability of water
supplies to meet demand. During the quantitative phase the focus was
on attributing drought exposure (manifest in water restrictions) to climatic
and non-climatic variables; during the qualitative phase this concept of
vulnerability was fully operationalized. Drawing on quantitative and
qualitative methods allowed a more robust analysis than would have
been possible with a monomethod approach. Long-term planning and
integration of land use and water management emerged as avenues for

reducing vulnerability.

Univariate Analysis
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+ Local dynamics: Land-use

Ipswich Region

« Dominance of single-family residential zoning
+ Bedroom communities for Boston

« Updating/reforming zoning has been slow
+ RPA: Metropolitan Area Planning Council performs
mainly an educational function (e.g. workshops)
+ Local dynamics: Water resource management

Zoning is mostly 2-acre

+ Regional challenges for water management

« Integration of land-use planning and water management

« Entirely dependent on Ipswich Watershed for water
« Ipswich River is the 3 most threatened river in the
nation (American Rivers 2003)
+ Result of to recent withdrawals in the headwaters
+ Indicated by positive YEAR coefficient

« Development patterns:
+ Contributes to positive YEAR coefficient
+ Complicate efforts to meet withdrawal permits
+ Summertime lawn watering is major issue
+ Indicated by negative GDD_PRCP coefficient
+ Obtaining water to handle new development
« Administrative load from the state
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Multivariate Analysis

Six multivariate models were specified to test two hypotheses: Table 2. Variable Descriptions and Data Sources
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(1) That watering restrictions are increasing in duration, accounting for climate Variable

This is tested by examining coefficient estimates for the YEAR variable. All of the dependent RSTXN D
statistically significant YEAR coefficients (4 out of the 6) are positive, indicating that xarishle -
water restrictions have been increasing in duration even after controlling for climatic YEAR |
variables (Table 3). My first hypothesis is validated. SPRG_PROP
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This is tested by examining the correlation between Sprawl Index values and the .
YEAR beta coefficients. Figure 5 shows that a positive correlation exists, but the results Wi
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are not significant. This hypothesis is thus deemed inconclusive.

The data underpinning this analysis is detailed in Table 2. Five independent
variables were constructed, one as a time dummy variable and four to represent different
aspects of climate. One variable in particular merits further explanation. Growing degree
days (GDDs) are a measure of heat stress for a plant's typical growth period. In this
study GDDs were calculated to be relevant to dominant grass types in suburban lawns:
fine fescue, Kentucky bluegrass and perennial ryegrass. The growing season for these
grasses begins in early May and ends in late September, and increased GDDs will likely
coincide with increased lawn watering. The formula for calculating GDDs is at right:
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Qualitative Analysis

Where:

a, = The number of days in month i (May through September),
TMAX The maximum temperature recorded for month i, and
TMIN, = The minimum temperature recorded for month i

Interviews with a range of stakeholders in the 7 selected towns
were used to develop narratives regarding water use and
management. Interviews explored regional development patterns,
levels of communication between stakeholders, their decision-making
processes, how they impacted water use and management, the
degree of integration between land use and water planning; an
investigation of the social processes and contexts that were unable to
be explored in the regressions.

A total of 40 interviews were conducted, and Figure 4 shows
the number from each stakeholder group. From the interviews,
narratives were built detailing water use and management from
regional and state-level perspectives. At its essence, the interview
component uncovered a richness and depth left concealed by the
regression models.

Fgure 4: Stakeholders Interviewed (7 Towns, n=40)
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tate-wid islation and lic shifts also influence local water resources. Below
is a sampling of some of these dynamics, which were common topics of discussion in the
interviews. These formed the backdrop for local water management.
+ Water Management Act (WMA) (1985)

By limiting withdrawals and making permits contingent on conservation efforts, the WMA
encourages demand-side management. Prior to 2004, withdrawal permits were based on
past use. Many, and perhaps all towns will now be subject to a 65gpcd permit cap. The WMA
was formed in response to intensely stressed watersheds. (czm 2005)

« Chapter 40B (1969)

If towns do not have enough affordable housing, 40B allows developers to bypass local
bylaws to build it. Over the past 3 years, 30% of all housing in the state has been due to 40B,
and 304 towns still have less (han 10% affordable housing. 40B will continue influencing the

and water n in ISEtts. (CHAPA 2006)
+ Growth in Real Estate Values and Population

Population growth in eastern Massachusetts was set in motion by a combination of rising
property values near Boston and the construction of transportation infrastructure (e.g. the
Massachusetts Turnpike, Interstate 495, etc.). This has encouraged people to move to the
suburbs while still working in Boston, fueling the growth of populations and developed land in
eastern Massachusetts (Tablel).

+ Mixed, more integrated now than has been historically

Conclusions

Two key findings of this project are:
1) Suburban droughts in eastern Massachusetts are increasing in duration, controlling for
climate.
2) To mitigate development's impacts on vulnerability,
a) Communication must occur between land use planning and water management
processes, and
b) That communication must lead to integration of those areas and contribute to long-
term, anticipatory planning

The data did not support the hypothesis that droughts are increasing along a sprawl gradient, though this may be due
to the small sample size. There is a large amount of variation between towns and regions in terms of how these different

forces interact to shape vulnerability to dvough\ Development pressure can result in two main outcomes:
uncontrolled and lead to environmental and increase
can be guided and focused (as in the Lower Cape), and have little negative impact on a site’s vulnerability.

The question of whether development is affecting vulnerability to drought must be answered in the affirmative, and its
effect is to increase vulnerability. The nature and magnitude of that effect is determined on a local scale; a function of
available resources, the willingness (and, crucially, the ability) of a town to implement innovative bylaws and be
responsive to changing pressures, historical factors (previous planning or lack thereof), amount of communication at the

municipal and regional levels, and the role played by advocacy groups and RPAs.

Variation in these areas creates the complex tapestry that is local drought vulnerability, and helps explain why state-
Integration of land use planning and sustainable water use
management may prove crucial to curtailing drought vulnerability; a disconnect in these areas has played a major role in

scale trends translate into different outcomes locally.

the dire situation of the Ipswich region.

to drought (as in the Ipswich region), or it

In Topsfield, most active and integrated; fewer
years with restrictions (hence poor model results)

Holden, summer 2004. Source:
Polsky

Future Directions

Extending the scale of this study to encompass
more towns is the most natural next step.
Methodologically, there remains the possibility of refining
the models, possibly using a tobit or probit model, to
account for the limited nature of the dependent variable.
These avenues were explored, but no immediately
obvious solution was forthcoming. Accounting for
potential temporally-based model misspecifications due
to serial autocorrelation should also take place, but was
not able to be done for this project. On the qualitative
side, judging the integration of land use and water
planning was a complex task; finding a means of
quantifying this or developing a set of criteria by which it
is measured will help streamline future work.
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