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SECTION 2: PUBLIC SUMMARY

The “Reconnecting Floodplains and Restoring Green Space as a Management Strategy to Minimize Risk
and Increase Resilience in the Context of Climate and Landscape Change” project explores green
infrastructure opportunities to manage flows, connections, and watersheds in order to improve both
flood protection and ecosystem services. This project’s research specifically investigates how restoring
floodplains would impact human welfare and environmental conservation. Its research objectives are
addressed in two parts: 1) developing a hydraulic model to illustrate how changes in floodplain
management may impact flooding along the Connecticut River, and 2) developing a geo-spatial model
that demonstrates the distribution and abundance of sandbars along the Connecticut River and its
tributaries.
Floodplains retain water, an ecosystem service that naturally mitigates flood impacts on human
communities living along major rivers. The hydraulic model developed for this project analyzes the
flooding impacts of eight scenarios that vary in their ratio of land-use (forested land to field land) within
a floodplain. Study findings suggest that as floodplain restoration efforts increase, flood peaks decrease
downstream and habitat suitability improves. Restoration leads to reduced flood risk for downstream
inhabitants, however, the number of impacted people residing directly in the upstream floodplain can
increase. Flood flow duration can also increase expanding the available suitable land for restoration
focused efforts. Alternatively, as development in the upstream floodplain grows, flood events increase
flood risk for downstream inhabitants, while habitat suitability diminishes and the impact to floodplain
residents decreases.
Sandbars and islands in lowland rivers form when sediment (silt, sand, and gravel) is deposited in places
where the stream velocity decreases. Sandbars and islands are the preceding habitats that evolve into
floodplains. Their distribution and abundance provide information about sediment transport and flow in
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a river, both of which influence flood risk to neighboring human communities. This study develops a
spatial model to track changes in these habitats in the Connecticut River watershed, allowing for the
comparison of their distribution and abundance currently and around times of storms and extreme
flooding. The developed tool is effective in quantifying critical river habitat and identifying key river and
floodplain areas for conservation at large scales. Sandbars are an appropriate ecological metric that this
model can map to inform conservation decisions that affect floodplain restoration.

SECTION 3: PROJECT SUMMARY

Floodplain connectivity strengthens ecosystem services that benefit human welfare and ecosystems.
This project investigates how floodplain restoration may alleviate flooding impacts on human
communities and support ecological integrity. It develops tools that are useful in informing human
development and conservation decisions. The research conducted for this project is comprised of two
studies on the Connecticut River, one of which develops a hydraulic model to project floodplain impacts
on flood mitigation and one that develops a tool to map and measure sandbar distribution.
The hydraulic model can estimate how changes in land use/land cover and flooding frequency in the
Maidstone Bends floodplain impact the Connecticut River. A HEC-RAS 2D model, developed for this
study, uses digital elevation models (DEMs) and USGS stream flow data to assess impacts of the
modeled scenarios. The model analyzes five metrics across eight scenarios that differ in their ratios of
forest to field land use, ranging from full deforestation of the case study site to full reforestation of the
floodplain. It also includes analysis of flooding impacts during consecutive storms. Comparison of the
five metrics suggests that floodplain restoration is a beneficial flood management strategy that may
contribute to management plans comprised of both structural and nonstructural components.
The geo-spatial mapping tool informs sediment and flow regimes in the Connecticut River watershed by
assessing the abundance and distribution of sandbars. Sandbars are geomorphic river features that
form when sediment deposits at locations of slow flow. The model utilizes ArcGIS to identify sandbars
along the watersheds. Statistical methods analyze differences in several metrics of sandbar frequency
and area within segmented two-kilometer reaches along the river and its tributaries. The findings
suggest that dams obstruct sediment movement downstream, channelization and bank hardening
prevent natural sediment input processes, and a major flood event will result in a substantial increase in
sandbar number and area. Changes to the watershed limit sandbar formation in certain locations, which
hinders floodplain formation and conservation.

SECTION 4: REPORT BODY
Purpose and Objectives

Floods are frequent natural disasters that are socially, economically, and ecologically impactful. Climate
change will increase the intensity and frequency of precipitation, which will result in more extensive
flooding. Therefore, robust flood management practices are crucial. One non-structural flood
management strategy is conserving floodplains, allowing them to naturally alter water flow patterns.
Functional floodplains support flood protection, ecological stability, erosion control, and groundwater
conservation. This project directs its research on the Connecticut River Basin, which is the largest
watershed in New England. The Connecticut River runs 660 kilometers from the Canadian border to the
Long Island Sound in New York and covers a total of 29,200 square kilometers. The Connecticut River is
a location of interest because it of the extreme flooding during Tropical Storm Irene, suggesting that it is
at risk for similar impacts during future storms.
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The research presented in this report is composed of two studies. The first investigates the impacts of
using floodplains as a flood management strategy by modeling the impacts of land use/land cover and
increasing flood frequency in the Maidstone Bends floodplain on the Connecticut River. The second
project develops a metric for ecological integrity that can inform how the landscape will respond to
changes in flows, climate, and flood management. This study does so by developing a geo-spatial tool to
map and measure sandbars in the Connecticut River and its 12 major tributaries. This tool provides
information about erosion, sedimentation, floodplain formation, habitat integrity, and ecosystem
services, and how they are influenced by extremely high flows. The two studies are titled as:
A. Restoring Floodplains in the Connecticut River Basin: A Flood Management Strategy
B. Mapping Sandbars and Islands in the Connecticut River Watershed through Aerial Images for
Floodplain Conservation
Each study’s methods and findings are presented separately in this report and are identified with the
above title.

Organization and Approach
A. Restoring Floodplains in the Connecticut River Basin: A Flood Management
Strategy

This study investigates the Maidstone Bends floodplain in Vermont, which stretches from Brunswick, VT
to the downstream town of Lancaster, NH (Figure 1). The project utilizes a HEC-RAS model to compare
five metrics across eight scenarios that are applicable to the floodplain. Each scenario is analyzed using
a 1-year, 10-year, and/or 100-year return interval.
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Figure 1: The study area for the Maidstone Bends study

This project is accomplished by three tasks:
1. Develop, calibrate, and apply a hydraulic model,
2. Determine and assess scenarios of interest, and
3. Determine, analyze, and compare metrics.
Task 1: Develop, calibrate, and apply a hydraulic model: Building an effective model for this study
requires the following activities: 1) select a model software that produces stable, reliable results,
2) determine an equation set that best supports model stability, efficient computational time, and
accurate results, 3) calculate a time step that supports model stability and efficient computational
speed, and 4) calibrate the model and establish existing conditions of the floodplain.
The US Army Corps of Engineers Institute for Water Resources, Hydrologic Engineering Center’s River
Analysis System (HEC-RAS 5.0) is applied in this research by using the software’s 2D modeling
component to model how flood events interact with the floodplain and the associated landscape. This
model uses National Land Cover Database land cover data with Manning’s roughness coefficient
variables. Data inputs for this model include digital elevation models (DEMs) and USGS streamflow data.
The DEM does not penetrate the water of the river channel, meaning that the river channel is modeled
at a reduced capacity, which is a source of error in this study. However, because of their small size, inchannel flows are negligible in comparison to water inputs from the storm events.
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The equation set is selected based on whether it supports model stability, computational time, accuracy,
and model application. The Diffusive Wave equations are chosen based on these considerations. The 2D
model also uses continuity and momentum equations.

Continuity equation:
Momentum equation:

Diffusion Wave equations:

The goal in determining an appropriate time-step is to maximize it while obtaining stable results and an
efficient computational speed.
The final activity is to calibrate the model and establish the existing conditions of the floodplain. Gage
data from two storms and aerial photographs of the associated flooding, provided by the Nature
Conservancy, are used to calibrate the model. The Manning’s roughness coefficients are adjusted and
optimized within the literature-defined range to calibrate the model and minimize error. Storms with
return intervals of 1-year, 10-years, and 100-years are run through the model to establish a baseline for
existing conditions of the floodplain.
Task 2: Determine and assess scenarios of interest: An interdisciplinary team identified eight scenarios
of interest to model for the Maidstone Bends floodplain. These scenarios are intended to highlight
concerns or possible development across the landscape. They represent three potential alterations:
1) loss of floodplain, 2) restoration of floodplain, and 3) future climate impacted flows (Table 1).
Scenario 1 represents the current state of the floodplains and is used to calibrate the model. Scenario 2
investigates impacts of deforestation in the floodplain, which is possible in the event of agricultural
development. Scenario 4 depicts the impacts of reforesting the land currently used for agriculture.
Scenarios 3 and 5 define upper and lower bounds for flood peaks, by modeling situations in which the
buffer land adjacent to the river is deforested or reforested. These two scenarios are run with 500
meter, 250 meter, and 100 meter values for the buffers. They are also are run as if the entire study area
is forest or field. Scenarios 6 and 7 are theoretical scenarios about full restoration or levee development
along the mainstream and tributaries of the river. Input data for scenarios 6 and 7 are estimated as
opposed to being determined from historical record. The final scenario integrates climate change’s
impacts on the floodplains, specifically the effects of more frequent and intense storms.
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Table 1: List of scenarios run with the HEC-RAS 2D model. Each scenario is run at three return intervals:
1-yr, 10-yr, and/or 100-yr.

Task 3: Determine, analyze, and compare metrics: Five metrics are tracked across the eight scenarios.
These metrics measure aspects of flooding along the river and floodplain.
-

Discharge: Discharge measures peak flow, or the rate of water moving through the system. A
critical goal of flood management is minimizing peak flow.
Depth: The depth of the flood ,or stage, indicates how the water moves spatially. It relates to
property damages, zoning, and flood insurance.
Time of arrival: Changes in the time of the arrival of the flood affect the time people have to
prepare themselves and infrustructure. More time between warning signs of a pending event
and the onset of the flood allows communities to take protective measures.
Flooding duration: How long the flood lasts has ecological impacts on species and the suitability
of their habitats.
Number of buildings flooded: Infrastructure damage caused by flooding relates to economic
impact and risk management, especially when that property and their owners are in a
floodplain.

B. Mapping Sandbars and Islands in the Connecticut River Watershed through Aerial
Images for Floodplain Conservation
To gain an understanding of sandbar status and changes in the Connecticut River watershed, this project
completes the following three tasks:
1. Develop an automated, object-based segmentation model to map spatial distribution of
geomorphic river features,
2. Map sandbar distribution along the Connecticut River watershed and compare and contrast
across rivers and locations, and
3. Compare and contrast sandbar distribution and areal extent before and after a major flood
event.
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Task 1: Develop an automated, object-based segmentation model to map spatial distribution of
geomorphic river features: The spatial model is developed using one-meter resolution aerial images
from the National Agriculture Imagery Program, a project of the US Department of Agriculture’s Farm
Service Agency. The photographs used for this project are dated from September to October 2012. The
images during this time exhibit low flows, during which sandbar surfaces are visible. The images for this
time-frame also have minimal cloud cover, so they provide the clearest data in comparison to the data
from other years in September and October.
Hand digitization in ESRI ArcGIS is used to prepare the aerial images of the Connecticut River’s
unobstructed main stem and tributaries as data for the model (Figure 2). The channels need to be
sufficiently wide for effective hand digitization, so small segments are not included in analysis (Table 2).
The hand-digitized images range from northern New Hampshire to southern Connecticut. Hand
digitization is used for data preparation to limit processing time. The aerial images of river channels are
then segmented using a spatial detail of 14.5. Afterwards, the images are isoclustered through an
unsupervised classification into five classes. The intention of using the unsupervised option allows the
model to be automated. This process creates an ERSI classifier definition file that classifies segmented
river channels and creates a raster. This raster analyzes the presence of sandbars.
Figure 2: Study site of the Connecticut River watershed in New England, United States. Rivers in their
complete length shown in orange, overlaid with blue representing the distance their channels were
digitized.
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In cases for which data was incomplete due to obstructions or human infrastructure that could not be
hand digitized, calculations of channel area are derived from the aerial images to estimate the value of
missing data.
Table 2: List of rivers in the Connecticut River watershed modeled for sandbars and islands, with river
lengths and basin size modeled.

Task 2: Map sandbar distribution along the Connecticut River watershed and compare and contrast
across rivers and locations: This object-based segmentation model is executed with data that are
prepared using ET GeoWizards. This software discretizes the river channels into reaches of about two
kilometers (Figure 3). The response variable used to measure sandbar distribution in each reach is the
ratio of sandbar area, provided by the model, to the channel area. The watershed area is also delineated
with a 10m digital elevation model (DEM) to calculate the stream gradient.
Figure 3: Alternate sand bars in the White River near Sharon, VT. Image source: USDA-FSA-NAIP taken in
July 2012.
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Task 3: Compare and contrast sandbar distribution and areal extent before and after a major regional
flood event: Fluvial features such as sandbars and islands are disproportionately influenced by extreme
high flows that transport the majority of sediment in river systems. These large floods may create new
features and remove existing ones, changing the number, area, and longitudinal position of sandbars
and islands. Extreme floods are forecasted to increase as the regional climate warms, which may greatly
impact the dynamics of these habitats. This study uses the spatial tool and analysis described above to
assess sandbar patterns before, immediately after, and several years after Tropical Storm Irene.

Project Results and Findings
A. Restoring Floodplains in the Connecticut River Basin: A Flood Management
Strategy

The hydraulic model successfully analyzes the defined metrics and the relationships between floodplain
characteristics and flood flows. The model runs each scenario using 1-year, 10-year, and/or 100-year
return intervals. The model assesses eight scenarios of interest to project how differences in land use
and land cover affect peak flow, stage, time of arrival, duration, and number of buildings flooded on the
mainstem of the river. Some patterns emerge consistently across all scenarios. First, as forested land
cover increases, the peak flow decreases, while the time of arrival, stage, duration, and number of
flooding buildings increase. Increases in fielded land cover yield the opposite result; peak flow
increases, while the other metrics decrease (Table 3).
Table 3: Change in the time of the peak flow from existing conditions, maximum peak flow, maximum
stage, and change in percent of peak flow from existing conditions for each of the three storm events
1 yr Return Interval
Percent
Max Stage
Change
(m)
Flow

Change in Peak
Arrival (hours)

Change in Flood
Duration (hours)

Change in # of
buildings
flooded

259.18

--

0

--

-3.60%

259.84

12

0

16

-8.28%

260.05

22

7

49

Scenario

Max Peak
Flow (m3/s)

Existing

256.49

--

Field as Forest

247.26

All Forest

235.26

500m Forest
Buffer
250m Forest
Buffer
100m Forest
Buffer

235.26

-8.28%

260.05

22

237.89

-7.25%

259.88

18

241.12

-5.99%

259.41

12

Forest as Field

263.5

2.73%

258.88

-11

All Field

263.68

2.80%

258.8

-16

263.7

2.81%

258.81

-16

264.16

2.99%

258.91

-15

263.27

2.64%

259.03

-14

500m Field
Buffer
250m Field
Buffer
100m Field
Buffer

7
5
0
-29
-36
-36
-35
-35

49
28
20
-7
-19
-19
-15
-13
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Scenario

Max Peak
Flow (m3/s)

Existing

503.24

10 yr Return Interval
Percent
Max Stage
Change in Peak
Change
(m)
Arrival (hours)
Flow
-259.73
--

0

Change in # of
buildings
flooded
--

Field as Forest

482.66

-4.1%

260.64

6

10

12

All Forest

456.99

-9.2%

260.89

10

29

33

459.21

-8.7%

260.85

9

472.43

-6.1%

260.67

7

487.76

-3.1%

260.1

2

Forest as Field

507.49

0.8%

259.62

-1

All Field

539.33

7.2%

259.24

-6

539.16

7.1%

259.23

-5

539.11

7.1%

259.28

-5

515.25

2.4%

259.95

-2

Scenario

Max Peak
Flow (m3/s)

100 yr Return Interval
Percent
Change
Max Stage
Change in Peak
Flow
(m)
Arrival (hours)

Change in Flood
Duration (hours)

Existing

790.12

--

260.35

--

--

Field as Forest

748.76

-5.23%

261.34

7

9

All Forest
500m Forest
Buffer
250m Forest
Buffer
100m Forest
Buffer

692.39

-12.37%

261.59

12

21
20

130

697.24

-11.76%

261.54

11
19

118

724.06

-8.36%

261.33

8
16

26

762.89

-3.45%

260.73

3
0

-9

Forest as Field

800.1

1.26%

260.13

0
-4

-40

All Field
500m Field
Buffer
250m Field
Buffer
100m Field
Buffer

850.29

7.62%

259.61

-6
-4

-36

850.08

7.59%

259.62

-6
-3

-27

840.28

6.35%

259.8

-5
-3

-15

838.04

6.06%

259.91

-4

500m Forest
Buffer
250m Forest
Buffer
100m Forest
Buffer

500m Field
Buffer
250m Field
Buffer
100m Field
Buffer

Change in Flood
Duration (hours)

29
27
14
-1
-9
-9
-9
-4

24
23
15
0
-12
-12
-11
0

Change in # of
buildings
flooded
--

125
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Other emerging patterns are described below:
Reforestation scenarios (scenarios 3 and 4 in Table 1) exhibit reductions in peak flow and increases in
the arrival time, suggesting that expanding floodplain forests could lessen downstream flooding and
provide longer flood warning durations during which residents can adequately protect their property.
The results also suggest that land changes as small as a 500m forest buffer may reduce peak flows to a
similar extent as complete reforestation. Restoring floodplains also improves habitats. However,
reforestation would promote more flooding of buildings in the floodplain, negatively affecting the
people living there.
Buffer scenarios (scenarios 3 and 5 in Table 1) give insight into how flooding impacts change across
100m buffers, 250m buffers, 500m buffers, all forested land, and all fielded land environments. Findings
indicate that the peak flows of the 500m Forest Buffer scenario and All Forest scenario are similar across
1-year, 10-year, and 100-year return intervals (Figure 4). This suggests that small-scale restoration may
be as effective as complete reforestation.
Figure 4: Change in peak flow for forest cover levels for each flood event (1-yr, 10-yr, 100-yr return
intervals)

Comparison of flow among Existing Conditions, a 250m Forest Buffer scenario, and a 250m Field Buffer
scenario indicate that forested buffers will delay flood events and increase flood durations in the
floodplain for a 10-year return interval. It suggests a 13-percentage point difference between the field
and forest scenarios in the change in peak flow from existing conditions in the floodplain (Figure 5).
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Figure 5: Hydrograph of existing conditions, 250m forest buffer, and 250m field buffer for a 10-yr return
interval

Findings indicate that 250m forest buffers slow the water flow, increasing depth and stage in the
floodplain (Figure 6). As a result, the water stays in the floodplain longer than under the current
conditions or with a 250m field buffer. The 250m Field Buffer scenario has less vegetation to slow the
water down, so it flows through more easily. In this case, flooding in the floodplain decreases, but
higher peak flows, quickened arrival times, and shortened flood durations in the floodplain translates to
increased flood risk downstream and damaged ecosystems.
Figure 6: Stage of existing conditions, 250m forest buffer, and 250m field buffer for 10-yr return interval
Stage - 10 yr RI; 250m Buffer
250m Forest Buffer

Existing Conditions

250m Field Buffer

261
260.5

Stage (m)

260
259.5
259
258.5
258

550

600

650

700

750

800

850

900

950

1000

Time from simulation start (hours)
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Mainstream and tributary theoretical scenarios (scenarios 6 and 7 in Table 1) are of interest to
stakeholders because of concerns about how deforestation associated with the development of
agricultural lands may affect flood events. These data are challenging for analysis because historic
stream flows for these scenarios are lacking. Representative flows that are proportional to the
mainstream gage data from the 10-yr flows are used in the model. These scenarios are analyzed for
three conditions: “Existing Condition,” “All Forest,” and “All Field.” This provides the broadest range of
possible changes. Findings suggest that restoring floodplain forests in tributaries and the mainstem
reduces flood peaks and increases stage, arrival time, duration, and the number of flooded buildings in
the floodplain (Figure 7 and Figure 8). Human development increases peak flows, and decreases stage,
time of arrival, duration, and number of flooded buildings. The results indicate that if both the
mainstream and tributaries are to be reforested, four times the number of buildings could flood within
the floodplain, as compared to only reforesting the mainstream. Therefore, preserving the existing
tributaries and restoring only the mainstream may optimize human and economic impacts.
Figure 7: Hydrograph of theoretical storm event
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Figure 8: Stage vs Time of the theoretical storm event

The increased storm frequency scenario (scenario 8 in Table 1) is assessed by incorporating flow from
two identical storms in close succession into the model. This mirrors the potential for more frequent
storms as a result of climate change. This scenario is also analyzed for “Existing Condition,” “All Forest”
conditions, and “All Field” conditions. Conceptually, floodplain restoration may lead to higher flood
flows during multiple storm events. During a second event, if the floodplain soil is saturated from the
first, the peak flood could increase because the floodplain cannot hold any more water. Findings
indicate that the All Forest scenario’s peak flood level during the second flooding event was 7.7% higher
than that the first All Forest flooding event. However, the second All Forest flood peak is 10% lower than
that of the Existing Conditions (Table 4). This supports the use of restoration as a flood management
tactic when considering climate change.
Table 4: Peak Flow and Stage for the flood event under each scenario

In the future, this hydraulic model has the potential to be updated with current projections. New
analysis could be integrated into the model to investigate more complex scenarios that change both
flood events and land use. Additionally, managers and planners in the Connecticut River Basin can adopt
this model, if the local floodplain characteristics are similar to those of Maidstone Bends.
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B. Mapping Sandbars and Islands in the Connecticut River Watershed through Aerial
Images for Floodplain Conservation

For this spatial model, hand-digitization is effective in processing the data from the aerial images for the
majority of river channels. Across all tributaries and mainstem locations, the model maps mean sandbar
size with high accuracy (93.4% accuracy of mapping sandbars) (Table 5).
Table 5: The mean sandbar size for each river and the entire watershed, before and after resolving for
errors.

In analysis, several metrics are calculated to express central tendencies of sandbar area and sandbar
number for the 13 investigated rivers. Comparisons between sites are analyzed using standard multiple
comparison and pairwise tests based on linear models with an alpha level of 0.05, which indicates
significant differences (Table 6). General additive models are used to analyze longitudinal trends in
sandbar area and frequency within rivers.
Findings indicate that the average cover of sandbar within each 2-kilometer reach is 6.33% of the
channel area. This breaks down into a 2.18% average for the mainstem and 13.06% average for the
tributaries. The analysis documents a total of 1,906 sandbars in the watershed. One-fourth of the largest
sandbars are present in the mainstem. Of the tributaries, the White River had a disproportionately high
number of sandbars. The Deerfield, Black, and Ammonoosuc Rivers also had relatively high numbers of
sandbars of large size (Table 7).
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Table 6: Pairwise comparison of mean sandbar area per reach between all rivers. Colored areas
represent significant differences (P < 0.05), with blue as negatives and red as positives differences in
mean sandbar area per reach between rivers. Means are bolded for each river.

Table 7: The mean size of a sandbar and the count of sandbars over the watershed size for each of the
13 rivers.

Sandbar area per reach in the mainstem and its tributaries decreases toward the mouths, likely because
sediment deposition results in less availability of sediment in the water downstream (Figure 9). Less
suspended sediment available for deposition downstream limits sandbar formation. Analysis also
16

suggests that dam presence exacerbates decreases in sandbar area downstream. Three peaks in sandbar
area are evident along the mainstem. They also decrease in size toward the mouth of the river. Sandbar
area peaks in tributaries are more variable and likely due to increases in stream gradient or
impoundments.
Figure 9: Sandbar area per two kilometer reach decreased downstream in the mainstem. The
generalized additive model had all the weight compared to a generalized linear model and the null in an
AIC model selection. Three notable peaks are present in the GAM.

The largest sandbars exist in meandering and major tributary confluences. Availability and type of
sediment appear to impact the area and location of these sandbars. Sandbar formation is more
abundant upstream, due to the aforementioned sediment availability. Additionally, locations with large
mean values for sandbar area tend to contain larger sediment grains, suggesting that courser sediments
lead to more sandbar formation. Sandbars are greater in unregulated locations because they lack dams,
which halt sediment movement downstream.
It was possible to obtain pre- and post- Hurricane Irene orthophotos at similar discharges for all sites.
For several sites the model does not perform well due to many zero estimates for sandbars or poor
accuracy (Table 8). Most of the rivers for which the model works effectively demonstrate an increase in
sandbar number and area post-Irene. This is particularly evident for those rivers that experience the
greatest relative peak flows, largely in the west-central portion of the basin. In the White River, sandbar
number and area are substantially higher in 2012 (immediately post-Irene) and remain high in 2016,
though with some translation downstream (Figure 10). Other western tributaries that experience high
17

flows associated with Irene are highly impounded and tend to experience increases immediately after
Irene. The increases dampen by 2016, likely due to sediment capture in impoundments.
Table 8: Accuracy of sandbar model pre- and post-Hurricane Irene

Figure 10: Relative sandbar area in the three study years and annual peak flows in the White River

Conclusions and Recommendations

The “Reconnecting Floodplains and Restoring Green Space as a Management Strategy to Minimize Risk
and Increase Resilience in the Context of Climate and Landscape Change” project consists of two studies,
both of which result in deliverable findings. The first builds a hydraulic model that successfully projects
how land use and flooding frequency in the Maidstone Bends floodplain impact the Connecticut River.
The second develops a spatial model that successfully maps sandbars within a watershed and provides
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information about how the sediment moves and deposits in a river. Both of these models are potential
tools for floodplain connectivity projects that seek to manage floodplain habitats for the benefit of
human communities and ecological integrity.
The findings suggest that floodplain restoration can strengthen flood management, but full restoration
is unnecessary to enhance protection against floods. Smaller restoration projects can reduce flood peaks
while lessening the negative social and economic impacts on people and property located downstream.
In the river itself, the largest sandbars are found in unregulated rivers where naturally eroding banks
contribute more sediment. In all 13 rivers, sandbars decrease downstream, due to natural
sedimentation patterns and storage of sediment in dams. Dam management changes may alleviate the
impacts of diminished sediment loads.
With regard to flood management, restoration alone is not sufficient to maximize protection of human
communities from floods. Integrated flood management plans likely need to utilize other structural
strategies for optimal protection. The hydraulic model presented in this project can be revised and
updated to investigate more complex scenarios that change both flood events and land use. Managers
and planners in the Connecticut River Basin, whose local floodplain conditions are comparable to those
of Maidstone Bends, may adopt this model for their own floodplain restoration analysis. Ecologists and
other relevant parties may use this model and data to manage the ecological integrity of the floodplain.
The meaning of “ecological integrity” in a target area due to floodplain restoration can be difficult to
quantify. Sandbars are geomorphic features that form as a result of deposited sediment. They are also
the precursor to floodplains. Therefore, sandbars may serve as an ecological metric for understanding
the how the sediment regime of a watershed may behave or change as dam management, peak flows,
and flooding change along river channels. Distribution and abundance of sandbars provide insight into
flow regimes and the potential development of floodplains, both of which are considerations in flood
management. This spatial model identifies areas within a watershed that meet the conservation
demands of its species, and is a tool that can inform restoration initiatives from an ecological
perspective. Both of these models and their findings are pertinent to the process of applying floodplain
connectivity and restoration into integrated flood management plans along the Connecticut River.

Outreach and Products

The findings from this research are deliverable in the form of two Master’s theses. They are accessible
through the Northeast Climate Adaptation Science Center web site and the University of Massachusetts.
The formal citations for each Master’s project are as follows:
Backiel, Bogumila, "Mapping Sandbars in the Connecticut River Watershed through Aerial Images for
Floodplain Conservation" (2018).Masters Theses. 597.
https://scholarworks.umass.edu/masters_theses_2/597
Ericson, Abigail, "Restoring Floodplains in the Connecticut River Basin: A Flood Management Strategy"
(2017). Environmental & Water Resources Engineering Masters Projects. 87.
https://doi.org/10.7275/743b-yc91
References from these two projects are consolidated and listed below.
19

References

Akanbi, A. A., Lian, Y., & Soong, T. W. (1999). An Analysis on Managed Flood Storage Options for
Selected Levees along the Lower Illinois River for Enhancing Flood Protection. Champaign:
Illinois Department of Natural Resources.
Anderson, M. G., Ferree, C. E., Olivero, A. P., & Zhao, F. (2010). Assessing floodplain forests: using flow
modeling and remote sensing to determine the best places for conservation. Natural Areas
Journal, 30:39-52.
Arcement, Jr., G. J., & Schneider, V. R. (1989). Guide for Selecting Manning’s Roughness Coefficients
for Natural Channels and Floodplains. Denver: United States Geological Survey.
Bates, B., Kundzewicz, Z. W., Wu, S., & Palutikof, J. (2008). Climate Change and Water. Geneva:
Intergovernmental Panel on Climate Change. Retrieved March 11, 2017, from
https://digital.library.unt.edu/ark:/67531/metadc11958/m2/1/high_res_d/climate-changewateren.pdf
Bechtel, D. A. & Sperduto, D. D. (1998). Floodplain forest natural communities along major rivers in New
Hampshire. New Hampshire Natural Heritage Inventory, Concord, New Hampshire, USA.
Blake, E. S., Landsea, C., & Gibney, E. J. (2007). The deadliest, costliest, and most intense United States
tropical cyclones from 1851 to 2006 (and other frequently requested hurricane facts).
NOAA/National Weather Service, National Centers for Environmental Prediction, National
Hurricane Center.
Blaschke, T. (2010). Object based image analysis for remote sensing. ISPRS journal of photogrammetry
and remote sensing, 65:2-16.
Bogardi, J. J. & Kundzewicz, Z. W. (2002). International Hydrology Series: Risk Reliability, Uncertainty,
and Robustness of Water Resource Systems. New York: Cambridge University Press.
Brunner, G. W. (2014). Combined 1D and 2D modeling with HEC-RAS. Davis: Hydrologic Engineering
Center.
Burke, M., Jorde, K., & Buffington, J. M. (2009). Application of a hierarchical framework for assessing
environmental impacts of dam operation: Changes in streamflow, bed mobility and recruitment
of riparian trees in a western North American river. Journal of Environmental Management, 90:
224-S236.
Carpenter, B. (2007). Connecticut River Floodplain Forest Inventory: Essex County, Vermont & Coos
County, New Hampshire. Essex County Natural Resources.
Chow, V. T. (1959). Open-Channel Hydraulics. New York: McGraw-Hill Book Company.
Clay, C., Deininger, M., & Hafner, J. (2006). The Connecticut River Watershed: Conserving the Heart of
New England. The Trust for Public Land, Northampton, Massachusetts, USA.
Collins, S. D. & McIntyre, N. E. (2017). Extreme loss of diversity of riverine dragonflies in the
northeastern US is predicted in the face of climate change. Bulletin of American Odontology,
12(2): 7-19.
Connecticut River Basin Natural Valley Storage (Rep.). (1994). Army Corp of Engineers.
Conner, W.H. & Brody, M. (1989). Rising water levels and the future of southeastern Louisiana swamp
forests. Estuaries, 12:318-323.
Constantine, J. A., Dunne, T., Ahmed, J., Legleiter, C., & Lazarus, E. D. (2014). Sediment supply as a driver
of river meandering and floodplain evolution in the Amazon Basin. Nature Geoscience, 7(12):
899-903.
Corenblit, D., Tabacchi, E., Steiger, J., & Gurnell, A. M. (2007). Reciprocal interactions and adjustments
between fluvial landforms and vegetation dynamics in river corridors: a review of
complementary approaches. Earth-Sci. Rev., 84:56-86.
Dawnson, R. J., Ball, T., Werritty, J., Werritty, A., Hall, J. W., & Roche, N. (2011). Assessing the
20

effectiveness of non-structural flood management measures in the Thames Estuary under
conditions of socio-economic and environmental change. Global Environmental Change, 628646.
Degu, A. M., Hossain, F., Niyogi, D., Pielke Sr., R., Shepherd, J. M., Voisin, N., & Chronis, T. (2011).
The influence of large dams on surrounding climate and precipitation patterns. Geophysical
Research Letters, 1-7.
Di Baldassarre, G. (2012). Floods in a Changing Climate. New York: Cambridge University Press.
East, A. E., Pess, G. R., Bountry, J. A., Magirl, C. S., Ritchie, A. C., Logan, J. B., ... & Liermann, M. C. (2015).
Large-scale dam removal on the Elwha River, Washington, USA: River channel and floodplain
geomorphic change. Geomorphology, 228:765-786.
Emanuel, K. A. (2013). Downscaling CMIP5 climate models shows increased tropical cyclone activity
over the 21st century. Proceedings of the National Academy of Sciences of the United States of
America, 12219-12224.
Ericson, A. (2017). Restoring Floodplains in the Connecticut River Basin: A Flood Management
Strategy. Environmental & Water Resources Engineering Masters Projects. 87.
https://doi.org/10.7275/743b-yc91.
ESRI (2017). ArcGIS Desktop: Release 10. Redlands, CA: Environmental Systems Research Institute.
Faisal, I. M., Kabir, M. R., & Nishat, A. (1999). Non-structural flood mitigation measures for Dhaka City.
Urban Water, 145-153.
Florsheim, J. L., Mount, J. F., & Chin, A. (2008). Bank erosion as a desirable attribute of rivers. AIBS
Bulletin, 58(6):519-529.
Freitag, B., Bolton, S., Westerlund, F., & Clark, J. L. (2012). Floodplain Management: A New Approach
for a New Era. Washington: Island Press.
Friedman, J. M. & Auble, G. T. (2000). Floods, flood control, and bottomland vegetation. Inland Food
Hazards: Human, Riparian, and Aquatic Communities. Cambridge University Press, Cambridge,
England, 219-237.
Friedman, J. M., Osterkamp, W. R., Scott, M. L., & Auble, G. T. (1998). Downstream effects of dams on
channel geometry and bottomland vegetation: Regional patterns in the Great Plains. Wetlands,
18:619-633.
Gangloff, M. M. & Feminella, J. W. (2006). Stream channel geomorphology influences mussel
abundance in southern Appalachian streams, U.S.A. Freshwater Biology, 64-74.
Garcia, X. F., Schnauder, I., & Pusch, M. T. (2012). Complex hydromorphology of meanders can support
benthic invertebrate diversity in rivers. Hydrobiologia, 685(1):49-68.
Govorusho, S. M. (2007). Effect of Human Activity on Rivers. Antalya, Turkey: General Directorate of
State Hydraulic Works.
Graf, W. L. (1999). Dam nation: A geographic census of American dams and their large scale hydrologic
impacts. Water resources research, 35:1305-1311.
Gilvear, D. & Bryant, R. (2016). Analysis of remotely sensed data for fluvial geomorphology and river
science. Tools in Fluvial Geomorphology, 103-132.
Gregory, K. J. (2006). The human role in changing river channels. Geomorphology, 79(3):172-191.
Gurnell, A.M., Bertoldi, W., & Corenblit, D. (2012). Changing river channels: The roles of hydrological
processes, plants and pioneer fluvial landforms in humid temperate, mixed load, gravel bed
rivers. Earth-Science Review, 111:129-141.
Gurnell, A. (2014). Plants as river system engineers. Earth Surface Processes and Landforms, 39(1):4-25.
Hall, J. W., Meadowcroft, I. C., Sayers, P. B., & Bramley, M. E. (2003). Integrated Flood Risk
Management in England and Wales. Natural Hazards Review, 1126-135.
Higgs, S., Maclin, E., & Bowman, M. (2002). The Ecology of Dam Removal. Washington DC: American
21

Rivers.
Hirabayashi, Y., Mahendran, R., Koirala, S., Konoshima, L., Yamazaki, D., Watanabe, S., . . . Kanae, S.
(2013). Global flood risk under climate change. Nature Climate Change, 816-821.
doi:10.1038/nclimate1911
Homer, C., Dewitz, J. A., Yang, L., Jin, S., Danielson, P., Xian, G., . . . Megown, K. (2015). Completion
of the 2011 National Land Cover Database for the conterminous United States-Representing a
decade of land cover change information. Photogrammetric Engineering and Remote Sensing,
345-234.
Hooke, J. M. & Yorke, L. (2011). Channel bar dynamics on multi-decadal timescales in an active
meandering river. Earth Surface Processes and Landforms, 36:1910-1928.
Horton, R., Yohe, G., Easterling, W., Kates, R., Ruth, M., Sussman, E., . . . Lipschultz, F. (2014). Chapter
16: Northeast. In J. M. Melillo, T. C. Richmond, & G. W. Tohe, Climate Change Impacts in the
United States: The Third National Assessment (pp. 371-395). Washington DC: U.S. Global
Change Research Program.
Hossain, F. & Jeyachandran, I. (2009). Have Large Dams Altered Extreme Precipitation Patterns? Eos,
Transactions, American Geophysical Union, 453-468.
Hudgins, R. N. (2011). Habitat selection and dispersal of the cobblestone tiger beetle (Cicindela
marginipennis Dejean) along the Genesee River, New York. The American Midland Naturalist,
304-318.
Hughes, F.M. (1990). The influence of flooding regimes on forest distribution and composition in the
Tana River floodplain, Kenya. J. Applied Ecology, 475-491.
Hunt, S. D., Guzy, J. C., Price, S. J., Halstead, B. J., Eskew, E. A., & Dorcas, M. E. (2013). Responses of
riparian reptile communities to damming and urbanization. Biological Conservation, 157:277284.
Johnson, W.C., Dixon, M.D., Scott, M.L., Rabbe, L., Larson, G., Volke, M., & Werner, B. 2012. Forty years
of vegetation change on the Missouri River floodplain. Bioscience, 62:123-135.
Jones, M. T. (2009). Spatial ecology, population structure, and conservation of the Wood Turtle,
Glyptemys insculpta, in central New England. (Doctoral dissertation, University of Massachusetts
Amherst).
Jonkman, S. N. (2005). Global Perspectives on Loss of Human Life Caused by Floods. Natural Hazards,
151-175.
Jonkman, S. N. & Penning-Rowsell, E. (2008). Human Instability in Flood Flows. Journal of the
American Water Resources Association, 1-11.
Kalyanapu, A. J., Burian, S. J., & McPherson, T. N. (2009). Effect of land use-based surface roughness
on hydrologic model output. Journal of Spatial Hydrology, 51-71.
Kasprak, A., Arcone, S. A., Dade, W. B., Finnegan, D. C., Magilligan, F. J., & Renshaw, C. E. (2008,
December). Using ground-penetrating radar to estimate sediment accumulation in a reservoir:
Ball Mountain Dam, West River, Vermont. In AGU Fall Meeting Abstracts.
Kondolf, G. M., Gao, Y., Annandale, G. W., Morris, G. L., Jiang, E., Zhang, J., ... & Hotchkiss, R. (2014).
Sustainable sediment management in reservoirs and regulated rivers: Experiences from five
continents. Earth's Future, 2(5):256-280.
Kreibich, H., Piroth, K., Seifert, I., Maiwald, H., Kunert, U., Schawrtz, B., & Thieken, A. H. (2009). If
flow velocity a significant parameter in flood damage modelling. Natural Hazards and Earth
Systems Sciences, 1679-1692.
Kundzewicz, Z. W. (2001). Non-structural Flood Protection and Sustainability. International Workshop
on Non-structural Measures for Water Management Problems (pp. 8-27). London, Ontario,
Canada: International Hydrological Programme.
22

Kunkle, K. E., Karl, T. R., Brooks, H., Kossin, J., Lawrimore, J. H., Arndt, D., . . . Wuebbles, D. 2013.
Monitoring and Understanding Trends in Extreme Storms. American Meteorlogical Society, 499514.
Lee, I. C., Cheng, L., & Li, R. (2010). Optimal parameter determination for mean-shift segmentationbased shoreline extraction using LIDAR data, aerial orthophotos, and satellite imagery. In ASPRS
Conference.
Leopold, L. B. & Wolman, M. G. (1957). River channel patterns: braided, meandering, and straight. US
Government Printing Office.
L.R. Johnston Associates. (1992). Floodplain Management in the United States: An Assessment Report.
The Federal Interagency Floodplain Management Task Force.
Magilligan, F. J. & Nislow, K. H. (2001). Long-term changes in regional hydrologic regime following
impoundment in a humid-climate watershed. JAWRA: Journal of the American Water Resources
Association, 37(6):1551-69.
Marks, C. O., Lutz, K. A., & Olivero Sheldon, A. P. (2011). Ecologically important floodplain forests in
the Connecticut River Watershed. The Nature Conservancy, Connecticut River Program.
Marks, C. O., Nislow, K. H., & Magilligan, F. J. (2014). Quantifying flooding regime in floodplain forests to
guide river restoration. Elementa: Science of the Anthropocene, 2:000031
Mattingly, R. L., Herricks, E. E., & Johnston, D. M. (1993). Channelization and levee construction in
Illinois: Review and implications for management. Environmental Management, 781-795.
Melillo, J. M., Richmond, T., & Yohe, G. W. (2014). Climate Change Impacts in the United States: The
Third National Assessment. Washington DC: U.S. Global Change Research Program.
Moore, M. V., Pace, M. L., Mather, J. R., Murdoch, P. S., Howarth, R. W., Folt, C. L., . . . Driscoll, C. T.
(1997). Potential effects of climate change on freshwater ecosystems of the New
England/MidAtlantic region. Hydrological Processes, 925-947.
National Agricultural Statistics Service. (2015). Land Values 2015 Summary. Washington D.C.: United
States Department of Agriculture.
Natural Resources Conservation Service. (1986). Urban Hydrology for Small Watersheds. Washington
DC: United States Department of Agriculture.
Natural Resources Conservation Service. (2016). Manning’s n Values for Various Land Covers. Salina
KS: United States Department of Agriculture.
Nelson, J. (2006).Use Of Aerial Infrared Thermography to Map Emergent Riverine Sandbars. Proceedings
of the Eighth Federal Interagency Sedimentation Conference. April 2-6, 2006.
Nislow, K. H., Magilligan, F. J., Fassnacht, H., Bechtel, D., & Ruesink, A. (2002). Effects of dam
impoundment on the flood regime of natural floodplain communities in the upper Connecticut
River. Journal of the American Water Resources Association, 38(6):1533-1548.
Omland, K. S. (2004). Puritan tiger beetle (Cicindela puritana) on the Connecticut River: Habitat
management and translocation alternatives. Species conservation and management: case
studies. Oxford Univ. Press, London, 137-148.
Park, B. J., Jang, C. L., Lee, S. H., & Jung, K. S. (2008). A study on the sandbar and vegetation area
alteration at the downstream of dam. Journal of Korea Water Resources Association, 41:11631172.
Petts, G. E. (1984). Impounded Rivers: Perspectives for Ecological Management. Wiley.
Phillips, J. V. & Tadayon, S. (2007). Selection of Manning’s Roughness Coefficient for Natural and
Constructed Vegetated and Non-Vegetated Channels, and Vegetation Maintenance Plan
Guidelines for Vegetated Channels in Central Arizona. Reston: U.S. Geological Survey.
Pianka, E. R. (1970). On r-and K-selection. The American Naturalist, 104(940):592-597.
Plate, E. J. (2002). Flood risk and flood management. Journal of Hydrology, 2-11.
23

Poff, N. L., Allan, J. D., Bain, M. B., Karr, J. R., Prestegaard, K.L., Richter, B. D., ... & Stromberg, J. C.
(1997). The natural flow regime. BioScience, 769-784.
Poff, N. L. & Hart, D. D. (2002). How dams vary and why it matters for the emerging science of dam
removal. BioScience, 52(8):659-668.
R Development Core Team. (2010). R: A language and environment for statistical computing, R
Foundation for Statistical Computing. Vienna, Austria.
Rood, S.B., Braatne, J. H., & Goater, L.A. (2010). Responses of obligate versus facultative riparian shrubs
following river damming. River Restoration Applications, 26:102-117.
Sanford, J.P. (2007). Dam Regulation Effects on Sand Bar Migration on the Missouri River: Southeastern
South Dakota (Master degree thesis). The University of Montana Missoula, MT, USA.
Schook, D. M., Rathburn, S. L., Friedman, J. M., & Wolf, J. M. (2017). A 184-year record of river meander
migration from tree rings, aerial imagery, and cross sections. Geomorphology.
Schuurman, F., Shimizu, Y., Iwasaki, T., & Kleinhans, M. G. (2016). Dynamic meandering in response to
upstream perturbations and floodplain formation. Geomorphology, 253:94-109.
Seneviratne, S. I., Nicholls, N., Easterling, D., Goodess, C. M., Kanae, S., Kossin, J., . . . Zhang, X.
(2012). Changes in climate extremes and their impacts on the natural. Cambridge, UK, and New
York, NY, USA: Cambridge University Press.
Shankman, D. (1993). Channel migration and vegetation patterns in the Southeastern Coastal Plain.
Conservation Biology, 7:176-183.
Sherwood, N. & Wu, M. (2012). Terrestrial habitat preference by wood turtles (Glyptemys insculpta) in
New Jersey. Bulletin of the New Jersey Academy of Science, 57(1):5-8.
Sidle, J. G., Carlson, D. E., Kirsch, E. M., & Dinan, J. J. (1992). Flooding: mortality and habitat renewal for
least terns and piping plovers. Colonial Waterbirds, 132-136.
Silver, M. & Griffin, C. R. (2009). Nesting Habitat Characteristics of Bank Swallows and Belted Kingfishers
on the Connecticut River. Northeastern Naturalist, 16(4):519-534.
Sherwood, N. & Wu, M. (2012). Terrestrial habitat preference by wood turtles (Glytemys insculpta) in
New Jersey. Bulletin of the New Jersey Academy of Science, 5-8.
Snazzy Maps. (2019). New England and Maidstone. Retrieved from https://snazzymaps.com/.
Sorensen, J. H. (2000). Hazard Warning Systems: Review of 20 Years of Progress. Natural Hazards
Review, 119-125.
Stallins, J.A., Nesius, M., Smith, M., & Watson, K. (2010). Biogeomorphic characterization of floodplain
forest change in response to reduced flows along the Apalachicola River, Florida. River
Restoration Applications, 26:242-260.
Svendsen, K.M., Renshaw, C.E., Magilligan, F.J., Nislow, K.H. & Kaste, J.M. 2009. Flow and sediment
regimes at tributary junctions on a regulated river: impact on sediment residence time and
benthic macroinvertebrate communities. Hydrological Processes, 23:284-296.
Syvitski, J. P., Vörösmarty, C. J., Kettner, A. J., & Green, P. (2005). Impact of humans on the flux of
terrestrial sediment to the global coastal ocean. Science, 308(5720):376--380.
Tchoukanski, I. (2012). ET GeoWizards version 10.2.
Tetra Tech. (2013). Commonwealth of Massachusetts State Hazard Mitigation Plan. Morris Plains:
Massachusetts Emergency Management Agency.
Tiner, R. W. (1985). Wetlands of New Jersey. Newton Corner: U.S. Fish and Wildlife Service, National
Wetlands Inventory.
UNISDR. (2009). Terminology on Disaster Risk Reduction. Geneva, Switzerland: The United Nations
International Strategy for Disaster Reduction.
US Fish and Wildlife Service. (1993). Puritan tiger beetle (Cicindela puritana G. Horn) recovery plan.
Hadley, MA, 45.
24

van de Lageweg, W. I., van Dijk, W. M., Baar, A. W., Rutten, J., & Kleinhans, M. G. (2014). Bank pull or bar
push: What drives scroll-bar formation in meandering rivers?. Geology, 42(4):319-322.
Volke, M. A., Scott, M. L., Johnson, W. C. & Dixon, M. D. (2015). The Ecological Significance of Emerging
Deltas in Regulated Rivers. Bioscience, 65:598-611.
Walling, D. E. & Fang, D. (2003). Recent trends in the suspended sediment loads of the world’s rivers.
Global and planetary change, 39(1):111-126.
Wiens, J., Sutter, R., Anderson, M., Blanchard, J., Barnett, A., Aguilar-Amuchastegui, N. (2009). Selecting
and conserving lands for biodiversity: The role of remote sensing. Remote Sensing of
Environment, 113:1370-1381.
Whited, D., Stanford, J. A., & Kimball, J. S. (2002). Application of airborne multispectral digital imagery to
quantify riverine habitats at different base flows. River Research and Applications, 18(6):583594.
Wohl, E., Bledsoe, B. P., Jacobson, R. B., Poff, N. L., Rathburn, S. L., Walters, D. M., & Wilcox, A. C. (2015).
The natural sediment regime in rivers: broadening the foundation for ecosystem management.
BioScience, 65(4):358-371.
Wohl, E., Bierman, P. R., & Montgomery, D. R. (2016). Earth's dynamic surface: a perspective on the past
50 years in geomorphology. Geological Society of America Special Papers, 523:SPE523-01.
Woldemichael, A. T., Hossain, F., Pielke Sr., R., & Beltrain-Przekurat, A. (2012). Understanding the
impact of dam-triggered land use/land cover change on the modification of extreme
precipitation. Water Resources Research, 1-16.
Yellen, B., Woodruff, J. D., Kratz, L. N., Mabee, S. B., Morrison, J., & Martini, A. M. (2014). Source,
conveyance and fate of suspended sediments following Hurricane Irene. New England, USA.
Geomorphology, 226:124-134.
Young, T. P., Chase, J. M., & Huddleston, R. T. (2001). Community succession and assembly comparing,
contrasting and combining paradigms in the context of ecological restoration. Ecological
Restoration, 19(1):5-18.
Zimmerman, J. & Lester, A. (2006). Spatial distribution of hydrologic alteration and fragmentation
among tributaries of the Connecticut River. The Nature Conservancy, Connecticut River
Program, Northampton, MA.

25

