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Abstract

Property insurers in the United States have experienced significant increases in flood claims last
year.  While some of these events follow normal seasonal traditional patterns (such as winter rains
in California), other events have seemed unprecedented from an historical perspective.  An
important question for insurers to wrestle with is whether or not these events are statistical
aberrations, evidence of a greater than previously understood variability in the peril of flood, or
evidence of a trend.

By examining the historical data available from the US Geological Survey, we conclude that
indeed, there is a trend toward greater flood risk during extreme events.  Put in the vernacular of
the insurance industry, there appears to be a trend toward greater severity, despite a lack of trend
toward greater frequency.

The implications for insured and insurer are rather obvious.  Insureds that heretofore had thought
that their facilities were free of flood exposure must now realize that they are exposed to flood
losses.  These customers must now take seriously the issues of loss prevention and control because
insurers will either now or in the future be taking stock of the growing, emerging peril of flood and
seek adequate prices for the risk transfer inherent in the insurance contract.  Correspondingly,
insurers must carefully evaluate their use of large limits as well as other terms and conditions while
at the same time prudently using reinsurance protection where surplus positions dictate its use.

Presented at the National Association of Real Estate Investment Managers
Senior Officer Property Insurance Forum, Boston, March 18-19, 1997.
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1. Introduction

The impact of human activities on the natural environment has become a great concern among the
scientific community as well as the general public. Studies have shown (IPCC, 1995) that the
global atmospheric chemical composition and energy balance have significantly changed. Does this
mean that the climate is becoming more violent (with more frequent severe weather events) in
response to such changes? Are large losses due to weather-related disaster in the recent years an
indication of such a trend?

Flood, of course, is the focus in this paper. There has been mounting evidence that the global
hydrological cycle will be more intense in a warmer climate, leading to more heavy rain and flood
events. Research has been devoted to study the frequency of intense rainfall, which shows an
upward trend in many parts of the world including the United States (Iwashima and Yamamoto,
1993; Karl et al., 1995).  In addition to intense rainfalls, flooding can be caused by other factors
such as snow melt and continuous precipitation. Studies have been done to investigate the changes
in flood occurrence in a warmer climate on regional scales (Gellens, 1991, for Belgium;
Lettenmaier and Gan, 1990, for Sacramento-San Joaquin basin in California). It is found that more
flood will occur in a warming climate.

The focus of this paper is to study the trends of flood occurrence in the US on a national scale. We
analyze the flooding records from over twenty-two thousand river gauging stations in the
contiguous USA maintained by the United States Geological Survey (USGS).  Many of the records
extend back to early 1900’s, with some even to the late 1800’s.   The flooding frequency and trends
are investigated on national as well as regional scales.

2. Data analysis

The flood data are retrieved from the USGS Water Resources Division’s peak flow data set. This
data set contains over 22 thousand river gauging stations in the US1. The stations cover different
periods of time. In order to perform a valid analysis of temporal trends in flooding, we first screen
the data so that all stations cover the same period.  After we require that all stations cover the
period from 1940 to 1993, only 2432 stations qualify. They nevertheless provide a satisfactory
coverage of the mainland US (Figure 1).

                                                       
1 This data set does not include Alaska and Hawaii.
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Figure 1. The locations of the 2432 USGS river gauging stations surveyed in this study.

Recorded flood events2 are grouped into the years during which they occurred. Figure 2 shows the
total number of flood events at all the gauges each year.  To detect the existence of any trends in
the data, a linear fit of the time series is calculated in a least square sense, which is shown as the
dashed line in Figure 2. A slightly upward trend of 4.5 events per year is identified. This number is
only 0.6% of the inter-annual variability of number of flood events as measured by a standard
deviation of 738 events.
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Figure 2. Total number of flood events recorded by all of the gauging stations surveyed. The dashed line is a linear
least square fit to the data.

                                                       
2 Defined as the event during which the water level is above the flood stage.
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The key question to address next is whether or not there is any trend in the intensity of flood events.
To answer this question, we analyze the average amount of stream flow per flood event recorded at
the same stations during the flood events each year3.  The time series of average flood intensity is
shown in Figure 3. Similar approach is applied to detect trends in this data.  The best linear fit
demonstrates an increase of 330 cfs4 per year. The trend is 5.0% of the inter-annual variability of
the average stream flow as measured by a standard deviation5 of 6600 cfs Compared with the trend
in flood frequency above, this is a much more significant trend.
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Figure 3. Average stream flow (cfs) per flood event recorded by the gauging stations surveyed.  The dashed line is a linear least square fit
to the data.

The results in Figures 2 and 3 show that, although there is not a significant trend toward more
flood events in the past 50 years, there does exist a trend toward more severe flooding when an
event does occur. Regional analyses illustrate that there is great amount of geographical variability
in the trends, as demonstrated in Figure 4. The gauging stations with upward trends are plotted as
“x” while those with downward trends are plotted in “o”. In fact, the number of stations that
demonstrate upward trends out-numbers those with “downward” trends (1426 vs. 987). Regions
dominated by “upward” ones include Pacific Northwest and Mississippi River Basin.

The persistence of the trend is tested on a longer period of time (1990 - 1993), during which data
are available at only 260 stations. Based on the limited amount of data, an trend toward more
intense flood still presents. As expected, oscillations with longer periods that do not appear in the
53 year analysis are identified.

                                                       
3 To account the geographical uneven distribution of stations, we weigh the records on each station based
on the density of stations in its neighborhood. The weight function is chosen to be inversely proportional
to the number of stations within a 500 km neighborhood. This avoids over-representation of areas with
dense gauging stations and vice versa.
4 Cubic feet per second.
5 The standard deviation is calculate after the trend is removed. Same is done for the standard deviation of
the number of events.
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Figure 4. The trends of flood intensity changes at the surveyed gauging stations. Stations showing upward trends are marked as “x”
whereas those showing downward trends are marked as “o”.

3. Summary

Based on the analyses of flood records at over two thousand USGS river gauging stations for the
period of 1940 to 1993, we conclude that there exists an upward trend for flood risk. This trend is
apparently more associated with the increasing flood intensity than frequency. This is consistent
with the research findings that although there is no significant overall increase of rainfall amount,
frequency of intense precipitation have increased.

In addition to the impact of climate change, the global hydrological system is directly feeling the
consequences of human activities, including river regulations, land use, deforestation and large
scale river diversions. At present, global hydrological processes are going through drastic changes
which are accompanied by an increased anthropogenic impact on water balance by the
strengthening of hydrologic exchange (Klige, 1990). These anthropogenic impacts on the
hydrological system usually result in increased river runoff as shown by regional studies (for
example: Sud et al.,1996; Bryukhanov, 1990). On the other hand, the advent of better land use
planning and use of detention ponds have successfully reduced flood risk in some regions.  In
addition, the development of flood water retarding (control) dams and levees tend to constrain
rivers and increase flow elevations. This might have reduced the occurrence of small and moderate
floods but the potential consequence of possible failures caused by severe floods will be disastrous.

Moreover, a strong regional variability is illustrated in our analysis. This makes necessary future
studies to investigate regional data in great detail to fully exploit the information contained in the
historical data.  It also indicates that more robust flood modeling tools based on the state-of-the-art
hydrological models are desirable to satisfy the increasing need to study flood on smaller scales.
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