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Major floods, whether local flash floods 
or regionally extensive major floods, 
present a significant challenge to 

watershed management and managers (not to 
mention to people directly affected by the flooding).  
Management challenges such as the appropriate 
role for and approaches to flood “control,” 
effects of land-use modifications, and floodplain 
regulation all require an understanding of the 
frequency and magnitude of flooding events and 
how these may have changed through time.  These 

issues are particularly salient in the context of the 
record Susquehanna River flooding of 2006 in the 
Binghamton, NY area.  We first review aspects 
of the Binghamton flooding and then summarize 
discussions that have ensued since the event on 
the broader topic of flooding and on management 
options.

Binghamton Floods of June 2006
The Binghamton, NY area sustained record 

flooding along the Susquehanna River in late June 

Figure 1.  Precipitation estimates, 24-29 June, upper Susquehanna drainage basin and adjoining areas.  From 
National Weather Service.

45

UCOWR

entire.indd   45 3/17/2008   11:39:03 AM



Knuepfer and Montz46

Journal of Contemporary Water researCh & eduCationUCOWR

2006 as a result of heavy and sustained precipitation 
that fell on ground already partly saturated from 
rains during the previous weeks (Susquehanna 
River Basin Commission 2007).  Flooding was 
widespread in other areas of central New York and 
eastern Pennsylvania, but the flood magnitudes in 
Binghamton were especially noteworthy—and led 
to extensive public discussion of flood hazards and 
flood mitigation.

A cold front stalled over the mid-Atlantic states 
from June 23 through June 28.  Caught between a 
strong high pressure system over the Atlantic and a 
low pressure system to the west, the front provided 
a conduit for tropical moisture from the south.  
The result was the development and persistence 
of heavy rain bands, producing as much as 13 
inches (330 mm) of rain over portions of the upper 
Susquehanna River drainage basin.  Widespread 
areas received at least 7 inches (180 mm) of 
precipitation over this period (Figure 1).

Small-stream runoff rose rapidly, especially 
late on 27 June into early 28 June.  This led to 

significant local flooding on some of the small 
streams, and to a rapid increase in discharge in the 
main-stem Susquehanna.  By late 27 June, river 
level was rising past flood stage at most gaging 
sites in the upper Susquehanna River.  Stage 
continued to rise through late 28 June upstream 
of Binghamton, with a downstream migration of 
the discharge peak through early 29 June.  Flood 
stage reached record levels at gaging stations with 
histories going back to 1935 or earlier (Figure 2) 
along the upper Susquehanna, including at the 
Unadilla, Conklin, Vestal, and Waverly stations, 
as well as along portions of the Chenango River 
(primarily upstream of Chenango Forks).  Flooding 
everywhere exceeded the area of the mapped 100-
year floodplain along the upper Susquehanna.  
The flooded area exceeded the mapped 500-
year floodplain in Conklin, as interpreted from 
flood maps provided by Broome County.  On the 
other hand, the flooded area was less than the 
mapped 500-year floodplain at most sites along 
the Susquehanna River in the Binghamton area 

Figure 2.  Locations of gaging stations in central New York and northeastern Pennsylvania; key stations discussed in 
this paper are circled.  Modified from National Weather Service.
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downstream of the Chenango River confluence.
Details of the flood event were recorded at 

the main gaging stations, although the high 
flood levels resulted in failure or exceedance of 
recording capability at many of the gaging sites.  
For example, the Conklin gage failed to provide 
continuous recordings during the rising limb of 
the flood, but field measurements made by the 
U.S. Geological Survey at or near the peak of the 
flood provided critical information.  Furthermore, 
the station returned online, which resulted in a 
detailed record of the falling limb of the flood.  The 
recording ability at the Vestal station was exceeded 
during the highest water stages, so the gage record 
did not capture crest (although the gage continued 
to operate).  Post-flood measurements provided 
a consistent estimate of the peak flood stage.  
Although these failures and gage limitations 
hampered the ability of flood forecasters to predict 
flood peaks accurately, the overall predictions 
were remarkably successful (Susquehanna River 
Basin Commission 2007).  Gage records along 
the Chenango River show that, while record stage 
was reached at some upstream sites (Sherburne, 
NY, in particular), the less intense rainfall over 

some parts of that sub-basin resulted in a relatively 
low crest on the Chenango River at its confluence 
with the Susquehanna River in Binghamton.  This 
mitigated the severity of flooding downstream of 
the confluence, resulting in a reduced severity of 
the flood peak (though still record flooding).

Analysis of the flood frequency for the 2006 
flood at the established gaging stations provides 
an opportunity to better evaluate the significance 
of this event.  The standard approach to flood 
frequency analysis follows the Bulletin 17B 
guidelines (Interagency Advisory Committee on 
Water Data 1982).  The largest discharge for each 
water year from a gaging record is identified.  A 
best-fit line is calculated to this peak-event history 
assuming a Log Pearson Type III distribution with 
a regional skew coefficient.  However, outlier 
events (generally the largest flood or floods of 
record) are omitted from this calculation due to 
their excessive weighting on the results; detailed 
criteria for exclusion are available in Bulletin 17B.  
This approach was applied to the 2006 flood using 
the PeakFQ program from the U.S. Geological 
Survey (Flynn et al. 2006).  Flood-frequency 
analysis of the Conklin gage record (Figure 3) 

Figure 3.  Flood frequency analysis of Conklin gaging record using PeakFQ.  Approximate peak discharge of the 
2006 flood is plotted for reference.  Analysis excludes outlier events of 1936 and 2006.
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suggests that the 2006 flood had a greater-than-500-
year recurrence, with a best fit of about 550 years.  
Analysis of the Vestal data (Figure 4) suggests a 
much shorter return period, with a best estimate 
of around 250 years.  Thus, the reduction in flood 
severity downstream of the Chenango River clearly 
is manifested in this analysis.

One of the persistent problems in such flood-
frequency analysis is, of course, the ambiguity 
inherent in evaluating whether an unusually large 
event, like the 2006 flood, really is an outlier 
with respect to the rest of the historical record.  
Even a record as long as that from the Conklin 
station, which has been in service since 1913, is 
too brief to accurately assess the significance of a 
possible outlier event.  Recalculation of the flood-
frequency analysis assuming that no historical 
floods are outliers results in an apparent reduction 
in the frequency (or, alternatively, an increase in 
probability) of the 2006 flood at Conklin (Figure 
5).  The 2006 event may be as “frequent” as a 
200-year event at Conklin when analyzed this way 
(though it still plots at the limit of the confidence 
envelope on the Log Pearson best-fit line).  While 
this is not the proper way to use the gage data 
according to Bulletin 17B, it nonetheless illustrates 

the limitations of conventional flood-frequency 
analysis in guiding subsequent decisions about 
flood potential and flood planning.

The question remains as to whether the frequency 
of severe flooding has increased in recent years (as 
some casual observations would suggest).  Daily 
average discharge records at Conklin, obtained 
from the U.S. Geological Survey, show wide 
variations in discharge (Figure 6).  The largest 
floods at the site have clustered in two episodes:  a 
first from the mid-1930s until the late 1940s, and 
a second from the early 1990s through the present.  
Even though the largest flood of record occurred 
in 2006, the overall pattern of large events shows 
no systematic change.  This suggests that public 
concerns over recent changes in flood frequency 
are unfounded.

Implications of the Hydrologic Analysis
Given the analyses just presented, important 

questions arise regarding the complex of factors 
that contribute to flooding. Several themes emerge, 
including:

Land use and the role of impervious 
surfaces,

1.

Figure 4.  Flood frequency analysis of Vestal gaging record using PeakFQ.  Approximate peak discharge of the 2006 
flood is plotted for reference.  Analysis excludes outlier events of 1936 and 2006.
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Figure 6.  Daily discharge data from Conklin gaging station.  The line at ~35000 cfs is drawn arbitrarily to 
emphasize the time distribution of the largest discharge events.  Note the higher frequency of large events in the 
1935-48 and 1993-2006 time periods.

Figure 5.  Flood frequency analysis for Conklin gaging station using all peak flows, including 1936 and 2006.  Note 
that 2006 peak falls at edge of confidence limits from PeakFQ fit to data, and that it maps onto the best-fit line as a 
200-yr event.
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Appropriate role and use of flood control 
and stream modification, and
Education and decision-making

Each is discussed below.

Land Use and the Role of Impervious Surfaces
Land use decisions and choices influence 

the impact of floods.  Some 95 percent of the 
upper Susquehanna River drainage basin is not 
impervious, so run-off should not be a problem.  
However, several factors come into play.  First, 
forest cover does not mean undisturbed forest.  
Most forests in the region have been cut at least 
once and most have been cut twice or more.  Small 
streams are still recovering from these past and 
recent disturbances.  This effect is more significant 
for the small streams than large rivers because 
relatively minor hydrologic changes can change 
the morphology of a stream, but major changes are 
required to return it to its original morphology. 

With 13,000 miles of streams in the basin, there 
are 17,000 miles of roads.  The impacts of these 
roads (both in terms of quantity and location) on 
streams are significant and distributed throughout 
the basin.  The road system makes a big difference 
in flooding and it is intertwined with other 
development decisions.

It is hard to ignore that the 2006 flood might 
be termed “a land use flood,” due to the levels 
of development in floodplains in Conklin and 
elsewhere in the Binghamton area.  This begs the 
question of whether flooding is a natural resource 
problem or a social problem.  Those involved with 
the 2006 flood recognize the land use effects on 
flooding and the effects of flooding. As a result, 
this is a land use and social problem.  For example, 
for a regional mall, development approval is 
frequently based on the economic benefits to a 
larger area, so developers can successfully argue 
for approval even in an area with moderate flood 
risk (Jardine  personal communication).  In the 
case of a smaller floodplain development with 
three or four contractors, relationships between the 
contractors and local town officials often are close, 
so even these projects get approval.  Ultimately it 
seems that only the people directly affected are the 
ones who oppose such development.

In addition, there tends to be little cooperation 

2.

3.

among communities, especially small communities, 
in evaluating the downstream impacts of 
development plans within the floodplain.  Yet 
municipalities are the ones with the regulatory 
authority over land use and streams.  An effort 
needs to be made to get local officials to consider 
land use impacts on floodplains and floods, but 
science needs to show cause and effect.  The utility 
of FEMA maps is important in this regard, as is 
the role of catch basins to mitigate effects of a 
development.

However, it is recognized that this is not a new 
issue.  In the 1960s, the U.S. Geological Survey 
developed a slideshow that suggests what to build 
in floodplains.  Among the recommendations were 
such alternatives as walking trails.  We knew 
that then; it can hardly be argued that we need to 
reacquaint the river with its floodplain.

Flood Control and Stream Modification
Following flooding, public interest seems to 

center on “stopping” flooding and on the possible 
role of existing flood control on the flood event 
itself.  With respect to the former, there are calls 
for dredging the Susquehanna River channel and 
removing the islands.  Analysis by Binghamton 
University students of repeat cross-sections at 
gaging stations surveyed by the U.S. Geological 
Survey has shown that the profile of the Susque-
hanna is not changing, arguing against the wisdom 
and efficacy of dredging.  With respect to the latter, 
there is some local concern that floodwalls affected 
the severity of flooding in 2006, because the water 
was thought to be moving faster and was deeper 
just downstream of the flood walls.  There was 
also apparently a damming effect seen just above 
the bridges, and floodwalls overtopped in some of 
these locations.  There is some suspicion that the 
bridges held back 1-2 inches of water and could 
have caused the overtopping.

It can be frustrating to try to put together specific 
information for flood management immediately 
following a flood, but this is the time to do it.  
Officials and others may want to manage the 
watershed, but locals want to channelize the stream.  
Decision-makers are trying to take science and 
translate it into effective policy.  At the same time, 
politicians are getting pressure from the public 
to “solve” the problem, usually through stream 
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dredging and straightening, which complicates the 
decision-makers’ role.

Education and Decision-Making 
Flooding and other such events open a window 

of opportunity in which public and political 
interest is high, lasting from 1 to 2 years, perhaps 
out to 3 years.  It is during this time that people will 
come to meetings.  Before June, 2006, a meeting 
was held near Wilkes-Barre, PA to discuss land 
use planning with flooding in mind (Bruns 2007, 
personal communication).  Six people showed up.  
After the flood scare in which 200,000 people were 
evacuated, 80 people came to a meeting.  Floods, 
and even near floods, get the public to pay attention 
and scientists are consulted for information.  It is 
at opportunities like this that scientists need to be 
ready to translate their science to policy-makers 
and the public.

During this time of opportunity, those in science 
can work with policy-makers to address the issues 
noted above, including showing cause and effect 
between land use and flooding, and between stream 
modification and flooding.  Decision-makers need 
help in translating science into policy, and in 
treading the fine line that exists when politicians 
get pressure from the public.

Concluding Comments
Perhaps after a flood event, a “flood summit” 

should be organized for policy-makers and 
scientists to come together.  The goal would be to 
provide a scientific basis for decision-makers and to 
educate the public, policy-makers, and politicians 
on different elements of the flood issue, including 
hydrology, land use effects, and mitigation 
options.  An important element is to insure that 
political leaders are at the table, especially when 
the relationship between land use decisions and 
hydrology is discussed. All would benefit from 
such an interaction, leading perhaps to a more 
comprehensive understanding of the complex of 
factors that lead to high flood losses.
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