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Problem Statement: 
Despite an average of 47 inches of rainfall a year1, the Ipswich River Watershed experiences 
periodic drought like conditions manifest as low flow and no flow events for the river2 (Figures 1,2). 
Households in the study site regularly undergo voluntary and mandatory water bans because 
drought events are common during summer months. Cost effective methods of assessing 
vulnerability are therefore needed to better understand the multidimensional aspects of drought, and 
to help towns prevent and respond to associated problems.

Purpose Statement:
The purpose of the study, for the period May-July 2005, was to analyze the adaptive capacity of the 
study site to anthropogenic activity (residential development) and hydroclimatic variability (Figure 4). 

Abstract:
Costs associated with hydroclimatic variability can be  significant, thus people need accurate and 
cost effective methods of assessing vulnerability to suggest avenues for adapting to the effects of 
such natural hazards. This poster presents the results of a bottom-up, rapid assessment of 
vulnerability to the effects of drought in the Ipswich River Watershed, MA. Over a six-week period, 
stakeholders in the Ipswich River Watershed were interviewed. Key findings include: 
1.) Stakeholders cannot agree on the best use of the water, making water use in the region probably 
inefficient.  2.) Current land-use trends (large lot sizes and heavy lawn irrigation), within the towns 
strains water supplies. 3.) Official measures such as zoning regulations can reduce or increase 
vulnerability to drought.  4.) State and private funding is a barrier to adaptive capacity to all 
stakeholders. 5.) Water managers expend most of their resources on issues such as daily 
maintenance, diverting them from making effective long term plans.

Figure 3. Ipswich River 1999,
Low/No Flow Event 8

Study Site: 
The towns of Middleton, Danvers and Topsfield are located within the Ipswich River Watershed 
(Figure 2). All towns depend upon the Ipswich Watershed for their water supply. These areas have 
seen significant land development in recent years which follows a relatively low -density pattern. The 
area has also experienced periods of low rainfall resulting in a series of low -flow and no-flow events in 
the Ipswich River (Figure 1).

•Although Danvers lies partly outside of the watershed, it is supplied by and 
owns the water source within Middleton. 

•The town of Middleton is one of the fastest growing towns within the Ipswich 
River Watershed.  

•The town of Topsfield is located completely within the watershed; its zoning 
and regulations exhibit progressive recognition of the impacts of development 
on the water system.

Table 1.   Population and Water System Information by Town 2,3 &4

*Figures in this column represent the number of millions of gallons per day of water (mgd).
**Data for earlier than 1990 currently unavailable.

BullseyeBullseye of Vulnerabilityof Vulnerabilityto the Effects of Residential Development & Hydroclimatic Variability in the Towns of 
Middleton, Danvers and Topsfield.
••Inner circleInner circle: Represents vulnerability to a specific hazard in a specific geographic region.
••1st ring:1st ring: Vulnerability divided into its three components: exposure, sensitivity and adaptive capacity .
••2nd ring:2nd ring: Site-specific components relating to the three dimensions.
••3rd ring3rd ring:: Measurements reflecting the three dimensions. 

5 Most Important Findings (Figure 5): 
1.) Stakeholders cannot agree on the best use 
of the water, making water use in the region 
probably inefficient. A proposed solution is
forming a regional authority on water use 
and development planning in the Ipswich River
Watershed.
2.) Current trends in land development (low -density 
residential structures with large lawns) stressing
water supplies and increasing the need for new 
water sources and/or water conservation.  
3.) Official measures such as zoning regulations can 
reduce or increase vulnerability to drought.
4.) Inadequate funds reduce water system mangers’
ability to carry out maintenance and comply with state
and federal mandates. Also, town water departments 
are funded by water sales, acting as a disincentive to
promote water conservation. 
5.)  Water managers are generally obligated to spend most of their resources on issues such as          
daily maintenance, which diminishes their ability to concentrate on long-term plans. 

Future Research Directions: 
1.) Explore how to align stakeholder objectives in accordance with water availability 
constraints. 
2.) Explore how regional water management might increase local w ater use efficiency.
3.) Explore how the residential development and water system expansion permitting processes 
could be turned from a disincentive to an incentive for water management.
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Significant Features (Table 1 and Figure 2):
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Theory and Methods:
Vulnerability refers to the potential for loss in the face of a hazard5,6. For the purposes of this study 
vulnerability is defined as a function of exposure, sensitivity and adaptive capacity. The term exposure 
refers to the extent, duration, frequency and severity of an environmental hazard within a specific 
geographic region, and to the human and environmental systems exposed. Sensitivity refers to the 
degree to which a human-environment system will be affected once it is exposed. Adaptive capacity 
refers to the ability to modify the degree of loss or damage incurred following exposure.

This research is based on qualitative research and grounded theory. Qualitative research is a process 
of understanding based on methodological traditions of inquiry that explore problems exhibiting 
quantitative and qualitative dimensions7. Grounded theory is a bottom-up approach for collecting and 
synthesizing data for such problems. 

Archival research was conducted to aid selection of stakeholders to interview, and to better 
understand the issues highlighted in the subsequent interviews. Eighteen interviews were carried out, 
and the data in the interviews were treated as the principal source on which to base conclusions 
(Table 2). Words and key phrases in each interview were coded in a line-by-line open coding process 
using Atlas TI. Codes appearing over ten times in our interviews were grouped into code “Families”. 
Code Families were given titles known as “Supercodes” reflecting the essence of the relationships 
between their constituent codes. Supercodes were organized into a “Bullseye” diagram to represent 
the relationships between the local dimensions of vulnerability (Figure 4)9. (See arrows linking Figure 
5 to the Bullseye diagram for an example.) 

Figure 4. Vulnerability “Bullseye ”
Diagram of ResultsFigure 2.

Vulnerability = potential for loss from an environmental hazard 
               = ƒ(exposure, sensitivity, adaptive capacity)  
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