Who Decides? Forecasts and Responsibilities
in the 1997 Red River Flood
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You unpredictable Red of the North,
You swelling cantankerous stream—
0. A. Olson?

In April 1997, communities along the Red River of the North, which flows north along
the North Dakota-Minnesota border, experienced extreme flooding. Damages related
to the event have been estimated at $1-2 billion, with most occurring in Grand Forks,
ND and East Grand Forks, MN.? Almost immediately after the flood, residents and
policy makers in Grand Forks and East Grand Forks began to point fingers at the river
stage predictions issued by the National Weather Service (NWS) as a factor contribut-
ing to the disaster.# At East Grand Forks, the Red River crested on April 21 at 54.11
feet, about five feet higher than the NWS had predicted up to April 14. In the days that
followed, Lynn Stauss, mayor of East Grand Forks commented that: “They [NWS]
missed it, and they not only missed it, they blew it big” (Foster, 1997).

This paper focuses on the role of river stage predictions in decision-making pro-
cesses leading up to the inundation of Grand Forks and East Grand Forks. Interviews
on which this research is based were conducted by the author as part of the National
Weather Service (NWS) Survey Assessment Team which evaluated the agency’s per-
formance leading up to and during the flood (NWS, 1998). The author served as an
independent (i.e., non-governmental) member of the team. Such teams typically include
one social scientist in their membership. The findings reported in this paper are those
of the author, and should not be misconstrued as the official position of the Survey
Team or any other organization or group with whom the author is associated. (The
NWS assessment is available on the web at http://tgsvS.nws.noaa.gov/oh/Dis_Svy/
RedR_Apr97/index.html).

The paper proceeds in five parts. Part I reviews current understanding of the flood
problem faced by the United States. Part II describes spring 1997 flooding in the Red
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River of the North. Part III assesses the role that river stage information played in
flood-related decision making during the event. Part IV introduces relevant experience
that might allow for a broader understanding of the 1997 flooding. The paper concludes
with the lessons of the Grand Forks experience for future use of river stage predictions.

I. FLOODS IN THE UNITED STATES: AN OVERVIEW

That the United States has a flood problem has been long recognized (White, 1945). At
the same time, it has also been recognized that the flood problem has escaped reliable
definition. Prior to the 1900s, policy makers viewed floods as an engineering challenge—
one of building structures to hold back water. Late in the first half of this century this
view of floods was expanded to include the possibility of human adjustments to
floods. Engineering, it was learned, would not be the sole solution to the nation’s flood
problem: people would have to change their behavior as well. More recently, the defi-
nition has expanded in scope once again. The health and status of river ecosystems is
now an integral part of many people’s conceptions of the flood problem facing the
United States. :

Flood impacts of recent years provide some insight as to the magnitude of the
national problem. From 1993 to 1996 the nation experienced more than $28 billion
(1996 $) in losses and more than 300 people lost their lives to floods.5 Both economic
and human losses have been increasing in the latter half of this century (Pielke, 1999a).
An assumption underlying national flood policy is that many of these losses are prevent-
able, and that society’s vulnerability to floods can be limited (FIFMTE, 1994).

In order to reduce their vulnerability, communities in floodplains have developed a
wide range of responses. When flooding is so extreme that a local community cannot
effectively respond, then state, regional, and national agencies and organizations are
called upon. This system of “shared governance” is characteristic of responses to
floods, and to disasters more generally (May, 1985). An important aspect of national
flood policy is to correct those policy failures identified in the aftermath of a disaster.
But typically there is a strong desire to “return to normal,” making change difficult
(Nilson, 1985). In many cases “normal” refers to those same conditions that led to the
disaster in the first place.

In the 1980s and 1990s considerable effort in a range of academic disciplines has
been devoted to understanding the dynamics of response to natural disasters. A partial
list of research topics includes intergovernmental performance (e.g., Schneider, 1990),
intergovernmental relations (e.g., Rubin & Barbee, 1985), public policy aspects of
disasters (e.g., Olson & Nilson, 1982), education and public action (e.g., Sims & Bau-
mann, 1983), forecast improvements (Zevin, 1994), land-use planning (e.g., Cigler et
al., 1987), research evaluation (White, 1994), and post-disaster case studies (e.g.,
Changnon, 1996). In 1975, White and Hass published a review of contemporary
research in natural hazards, focused on the disciplines of sociology and geography. A
second assessment of natural hazards research has recently been completed, overseen
by the Natural Hazards Research and Applications Information Center at the Univer-
sity of Colorado, and an international assessment is underway under the auspices of
the International Decade for Natural Disaster Reduction.” These assessments provide



Forecasts and Responsibilities in the Red River Flood : 85

a comprehensive resource on the literature of responses to floods in the United States
and beyond.

The knowledge developed by natural hazards scholars is complemented by national
policy assessments of the national flood problem, including the Committee on Public
Works (1959), Unified National Program reports (TFFFCP, 1966; USWRC, 1976,
1979; ITFFM, 1986; FIFMTF, 1994), and the comprehensive Floodplain Management
Assessment (FIFMTF, 1992). Yet in spite of all of this knowledge, it seems, as one
observer has noted that “thoughtful past recommendations of how to attain flood miti-
gation had never been adequately implemented” (Changnon, 1996, p. 312). Because
of the recent spate of flood impacts, a window of opportunity might be open to apply
the knowledge that has been gained to improve flood policy making in specific con-
texts (Snare, 1995; Solecki & Michaels, 1994). The experiences in the Red River of
the North in 1997 could motivate opportunities for constructive policy change.

Il. OVERVIEW OF THE FLOODING IN THE RED RIVER
OF THE NORTH, SPRING 1997

The Red River of the North basin is located in North Dakota and Minnesota in the United
States, and in southern Manitoba, Canada (Figure 1). The Red River of the North flows
north through Winnipeg, Manitoba, and is a tributary of the Nelson River basin, which car-
ries runoff into Hudson Bay from much of southern Canada from the Great Lakes to the
Continental Divide. Because of its extremely low relief, the region is prone to flooding.

Spring flooding in the basin is typically the result of snowmelt, which begins in the
south, with melt-water flowing north. When portions of the river farther north remain
frozen while the southern part melts, the river and its tributaries rises beyond their
banks and spread out across the region. Other factors play an important role in
whether or not a heavy snowpack results in a flood including the timing and rate of
melting, additional precipitation, frost depth, soil moisture, and river ice conditions
(Voelker, 1997). For instance, the winter of 1993-1994 saw record snowfall (to that
date) in the region but little flooding, while the winter of 1995-1996 saw less snowfall
(fourth heaviest on record), but widespread flooding (Voelker, 1997).

The winter of 1996-1997 broke records for snowfall throughout the region. The
Grand Forks Herald popularized the practice of naming blizzards in a similar fashion
to hurricanes (Grand Forks Herald, 1997). In April 1997, blizzard “Hannah” brought
to the region winds over 60 mph, and more than 20 inches of snow, the most severe
blizzard since March 1941 (Koelher, 1997).8 The record snowfall set the stage for the
record floods that were to follow.

Flooding began in the southern portion of the basin and proceeded north. First, dur-
ing the weekend of April 4-6, Breckenridge, MN saw more than a quarter of its resi-
dents evacuated, and 500 buildings damaged (Grand Forks Herald, 1997). Vice
President Al Gore visited Breckenridge as President Clinton declared the region a fed-
eral disaster area. Nine days later water broke through the levees surrounding the city
and then froze as temperatures dropped. To the north, Fargo, ND put up a tremendous
flood fight and escaped major damage. The Fargo city engineer remarked that “we
spent a lot of money being lucky” (Grand Forks Herald, 1997, p. 22). Dennis
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Figure 1. Study Area: The Red River of the North Basin

Walaker Operatlons Manager for the City of Fargo, later commented that the city’s

“massive” preparations paid off: “the harder we worked, the luckier we got” (Walaker,
1998, personal communication, 11 September).
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To the north of Fargo, the towns of Grand Forks, ND, and East Grand Forks, MN, lie
on opposite sides of the river and had never been better prepared.® Officials drew on
lessons learned in 1979, when the Red River hit its highest point so far this century.
There were detailed flood-fighting plans. Dikes were raised throughout the city.
(Grand Forks Herald, 1997, p. 24). As the river rose, residents worked frantically to
save their homes and community. On April 18, the dikes which protected the city
began to give way. By early the next morning, all of East Grand Forks and about half
of Grand Forks were inundated. That evening, a fire started in downtown Grand Forks,
resulting in an eerie spectacle of disaster broadcast via the media across the nation.
The eleven burned out buildings sitting in flood waters in the downtown area have
come to symbolize the event.!0

While towns to the north of Grand Forks, including Winnipeg, Manitoba, suffered
some damages related to the floods, nothing came close to the tremendous destruction
witnessed in Grand Forks and East Grand Forks. As the flood waters receded in the
days that followed, the communities were faced with difficult decisions about how to
recover and rebuild. '

. WHAT WENT WRONG: MISUSE OF FLOOD
- FORECASTS IN THE 1997 EVENT

Because hydrologic floods are commonplace and unavoidable in the flat Red River
basin, communities rely on flood forecasts issued by the federal government as an
integral part of their flood decision processes.!! The forecasts are used in deciding
how and when (and sometimes if) to fight the flood (Fought, 1997). In the aftermath of
the 1997 flooding in Grand Forks, public officials and other members of the commu-
nity placed responsibility for the disaster on inaccurate flood stage forecasts issued by
the National Weather Service. For instance, Grand Forks city engineer Ken Vein stated
that “with proper advance notice we could have protected the city to almost any eleva-
tion . . . if we had known [the final flood crest in advance], I’'m sure that we could have
protected a majority of the city” (Paulsen, 1997). The front page of the April 24th
Fargo Forum carried the following headline: “Finger pointing begins in Forks: Mayor
says poor forecasting doomed city; weather service says it gave best effort.” And a
member of the U.S. Congress, Representative Earl Pomeroy commented on the fore-
casts, noting that “the inability to get realistic flood numbers certainly hindered the
communities’ ability to prepare” (Paulsen, 1997).

Flood forecasts are issued for the Red River basin through the North Central River
Forecast Center (NCRFC) in Chanhassen, Minnesota, near Minneapolis, one of thir-
teen such hydrological forecast centers in the United States (Stallings & Wenzel,
1995). From its inception in the early 1980s, the NCRFC has issued two types of
forecast products of river “stage” for the Red River basin. During this time, the
NCRFC did not issue forecasts of river “discharge.” The height of a river (“stage”)
is predicted based on the volume of water (“discharge”) flowing past a particular
point. A numerical outlook is issued one to two months prior to the expected peak
flooding. This typically occurs in early March. Such a long lead time is possible
largely because of the unique circumstances of the basin, that is, most large-scale
floods are the result of snowmelt, not rainfall. Operational forecasts are issued peri-
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odically in the weeks prior to and following peak flooding and are the product of a
hydrologic modeling system. :

When the NCRFC issues flood outlooks, two numbers are presented for the
expected river stage for each forecast location. One is based on a scenario of average
temperature and no subsequent precipitation, the other with average temperature and
precipitation.'? For Grand Forks-East Grand Forks the numerical outlook issued in
mid-February 1997 was for 47.5 and 49 feet, with respect to the two scenarios.

In interviews conducted in May 1997 with various decision makers in the Red
River of the North basin, it is clear that different people interpreted the flood stage
outlooks in different ways, some of which are demonstrably incorrect. These differ-
ent perspectives clearly influenced the choices made by local officials. Some viewed
the two numbers as a range: that the maximum flood stage would be between 47.5—
49 feet. Others viewed the higher number as a maximum: a value that would not be
exceeded. For example, on April 8, 1997 The Grand Forks Herald wrote that “[NWS]
experts are still forecasting a maximum 49-foot crest for the Red at East Grand
Forks” (Foss, 1997, emphasis added). Others viewed the flood outlook as exact, that
is, “the crest will be 49 feet.” Still others viewed the 49 foot outlook as somewhat
uncertain; examples of the uncertainty ascribed to the outlook by various decision
makers ranged from 1 to 6 feet. Which decision maker might have been correct is
not known as the flood outlooks did not include any quantitative information with
respect to the uncertainty in the outlook. Clearly throughout the community, people
“anchored” their thinking to the 49 foot outlook, which was reinforced through rep-
etition over time.

The general public also misused the forecast information in decisions of whether or
not to purchase flood insurance. A survey of Grand Forks residents following the flood
found that while 95% of respondents were aware of flood insurance, 79.6% reported
that the forecasts led them to conclude that flood insurance was not necessary (NLIC,
1997). Clearly, the message that the NWS intended to send with its forecasts to expect
unprecedented flooding was not the message received by the public.

The NCRFC handled the uncertainty in their river stage forecasts through a qualita-
tive disclaimer appended to the bottom of their forecast products, whereas the fore-
casts themselves are presented in a quantitative fashion. The NCRFC did not produce
any quantitative information on the uncertainty in their flood stage forecasts, nor do
they perform any sort of sensitivity analyses (i.e., “what if 7 exercises). NCRFC offi-
cials stated that they issued the two numbers in the outlook representing the two pos-
sible futures, versus any of the potential alternatives, simply because that is how it was
done at the RFC from which they were created in the early 1980s.

An analysis of the outlooks issued from 1982-1997 for Wahpeton, ND, Fargo,
ND, and East Grand Forks, ND, shows considerable uncertainty in the crest stage
outlooks. At East Grand Forks, the actual crest equaled or exceeded the “normal”
level outlook in 6 of the 12 years in which outlooks were issued for this location
(Figure 2). The average error (i.e., absolute value of the difference between the out-
look and actual crest stage) at East Grand Forks is about 3.5 feet. At East Grand
Forks in 5 of 12 years the “normal” crest outlook was off by more than 10% of the
outlook value (Figure 3). The average percentage error in the outlook (as a percent
of the outlook) is 11.5%. The 1997 outlook, 5.1 feet less than the actual crest stage,
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Figure 2. Outlook Error at E. Grand Forks, 1982-1997
(Difference between Outlook and Actual Flood Stage)

is the third worst (out of 12) in terms of error measured in feet, and the percentage
error (10.2%) is Sth worst. But, perhaps more importantly, the percentage error in
1997 was less than the average error from 1980-1997. A similar interpretation
results from looking at the outlook errors for each of the three locations along the
river from 1980-1997 (Figure 4).

Placing the 1997 outlook into historical context, indicates that the 1997 prediction
was worse than average in terms of feet, but perhaps more importantly, better than
average in terms of percentage. The forecast error was neither unique or unusual, and
in fact, because it was a forecast of a record event, arguably better than those issued in
more typical years. Responsibility for the apparent misuse of the outlooks is shared.
The NWS failed to communicate effectively the uncertainty of the predictions, and
some local decision makers failed to appreciate the uncertain nature of flood forecast-
ing. The result was that actions were taken based on a misinterpretation of what could
have been useful information.

Alternative Explanations

There have been several alternative explanations for the miscommunication
between the NWS and the flood fighters in Grand Forks and East Grand Forks. Both
explanations lay responsibility squarely with the NWS, rather than sharing it with the
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Figure 3. Outlook Error at East Grand Forks, 1982-1997
(as a Percentage of the Outlook)

community. The first claims inadequate technical performance, and the second claims
poor communication between government agencies. Underlying these two claims is
the notion that a more accurate forecast could have been produced in time for local
decision makers to take action. But a close examination of each of these alternative
explanations leads one to conclude that they are either simply misinterpretations of
the event or supportive of the more general failure to incorporate considerations
of uncertainty in the flood forecasting process, including production, communication,
and use of information.

“The NWS Blew [t”13

A series of articles in the Grand Forks Herald suggested that the NWS simply did a
poor job of forecasting the flood (Merx, 1997a, 1997b; Paulsen, 1997). They state that
the NCRFC failed to account in their flood stage forecasts for bridges in the city
which could retard the flow (and thus increase the river’s stage), and sandbags and
other temporary levees which might affect the flow: These complaints are valid.
Indeed, when the NWS Disaster Survey Team announced its preliminary results in
July 1997, it stated that in addition to the bridges, the tremendous volume of water
downstream (north) of Grand Forks resulted in a “backwater” effect which served to
increase the river stage above what was forecast (Bradbury, 1997a).

Most responsibility for the error lies with the simple fact that the river had never
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Outlook Error at Wahpeton, Fargo, and E. Grand Forks 1980-1997
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before been observed at these levels. Therefore, the hydrological models, which are
empirically based, were “flying blind” in the sense that there was no historical basis
on which to produce a reliable forecast. This serves to underscore the importance of
the uncertainty in the flood stage predictions. At record or near-record stages, uncer-
tainty is compounded by a lack of relevant experience, and it is at these river levels
that forecasts matter most.

With regard to the bridges, the NWS ought to have known of their effects on the flood
stage. A 1985 U.S. Geological Survey report notes that, based on the 1969 flood, the
bridges at Grand Forks “restricted the flow of the water and caused a significant increase
in flood elevation” (Miller & Frink, 1984, p. 10). For one particular bridge in downtown
Grand Forks, Miller and Frink (1984) report this amount to be about 1 foot, the same
amount reported in the findings of the NWS Disaster Survey Team (Bradbury, 1997a).

Given that the difference between the outlook and the ultimate crest stage in 1997 at
East Grand Forks was consistent with previous differences at that same location, as
well as at locations upstream (see previous section), it is a misinterpretation to claim
that the NWS “blew it.” Furthermore, if the NWS flood predictions had been consis-
tently one or two feet higher, i.e., had they considered the bridges, the outlook and
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forecasts would still have been considerably less than the actual crest stage. Thus, an
analysis of NWS performance returns us to the issue of uncertainty in the flood pre-
dictions and how that uncertainty is interpreted by decision makers.

“An $800 Million Miscommunication”14

An article in the Grand Forks Herald on May 4, 1997 suggested that the U.S. Army
Corps of Engineers had information in advance of the flood that would have allowed a
more accurate prediction of the peak river stage, and that this information was not
communicated to the NWS (Paulsen, 1997). The article placed responsibility for the
damages in the Grand Forks area on the NWS for its failure to communicate with
the Corps. A closer look at the events preceding the flood indicate that while commu-
nication was less than optimal between the NWS and other federal agencies, including
the Corps (as well as with local officials), it is a misinterpretation to place responsibil-
ity for the damages on the communication process between government agencies.
One official calls the amount of communication during the period of the 1997 flood “a
high point” (D. Braatz, personal communication, 1 March 1999). To preview the argu-
ment: It seems clear that even with perfect communication between the agencies the
lack of understanding of uncertainty throughout the forecast process would have set
the stage for a misled flood fight.

The relation between a river’s volume and height is graphically expressed as a “rat-
ing curve” which forecasters use to predict how high the river will rise for a given
amount of water entering the channel upstream from a particular point. Rating curves
are generally based on experience: that is, historical river conditions are used to gener-
ate a rating curve for future use. Of course, when a flood is above record levels there is
no experience on which to “extend” the rating curve. Hydrologists use a number of
accepted methods to extend a rating curve, which can thus result in different predic-
tions for a river’s height for the same predicted volume. Therefore, when forecasters
work with an extended rating curve it adds to the uncertainty inherent in a prediction
based on experience.

At East Grand Forks, the Red River typically experiences an annual average volume
of about 5,000 cubic feet per second (cfs). Prior to the 1997 flood, the record observed
volume occurred in 1979 at 83,000 cfs. Thus, the rating curve used by the NWS was
based on experience only up to that level. Because the various agencies have different
needs (the NWS focuses on reliable predictions, the Corps on engineering studies, and
the Federal Emergency Management Agency on flood insurance mapping), they use
different rating curves. In the floods of 1997, hindsight showed the Corps rating curve
extension to be more accurate at East Grand Forks than was the NWS rating curve at
the record flows that were observed.

Is there reason to believe that knowledge of the Corps rating curve would have led
to a more accurate river stage forecast in time for improved decisions? The answer is
clearly “no.” While hindsight is 2020, as forecasters were predicting the peak flood
level, they would have had no reason to believe a Corps rating curve extension over
the one used in their hydrological modeling system. It was only in the aftermath of the .
flood that forecasters became aware of the deficiencies in the standard rating curve
extension used at Grand Forks in the NWS hydrological modeling system.!s In a chro-
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nology of its decision making released to the public and the press on 14 May 1997,
the Corps stated that:

The Corps rating curve for grand Forks was not furnished to the NWS because the
curve was a draft working tool used in our ongoing feasibility study for the Grand
Forks flood control project to determine maximum top-of-levee elevations. It was
not intended to be used as a predictive tool in forecasting flood stages during an
emergency . . . The Corps had no reason to believe that their rating curve was more
accurate than the official extended rating curve used by the NWS, until after mea-
sured flows at Grand Forks exceeded the 1979 flow . . . which occurred early on
the morning of 17 April (U.S. COE 1997).

There is no doubt that NWS officials should have had the Corps rating curve (as
well as FEMA’s and any others which would be appropriate) well in advance of the
flood. While the different rating curves would not necessarily have led to a more accu-
rate crest prediction, discussion between NWS and Corps officials as to the reasons
why it differed from the NWS rating curve could have contributed to a better under-
standing of the uncertainty in the predictions.'6

Communication clearly could have been better between the NWS and the Corps prior
to and during the flood event.” The differences in rating curves was in fact not noticed
until after the event when a reporter discovered that the two agencies arrived at different
crest stage levels for the same discharge. NWS and Corps officials did not recognize
the differences in the rating curves before that because the two agencies communi-
cated in terms of stage, rather than discharge. In the future, release of its discharge
predictions, in addition to stage predictions, might help those with technical expertise
to better identify and quantify the uncertainty in the predictions. In spite of the short-
falls in the inter- and intra-governmental process of communication, the shortfalls in
communication experienced during the spring of 1997 cannot be held responsible for
the damaging flooding at Grand Forks and East Grand Forks.

With a More Accﬁrate Prediction,
Would Grand Forks Have Been Saved?

With a more accurate prediction, some local officials like the Grand Forks city engi-
neer (quoted above from Paulsen, 1997) clearly feel that the city could have taken steps
in advance to protect areas from flooding. The Corps has an admirable flood fighting
track record that would seem to support this contention. Yet others in the community
suggested that the community would not have sacrificed parts of the city (e.g., by inten-
tionally flooding low lying areas to increase channel capacity) to protect other parts
because of the political ramifications. Thus, it is conceivable that even with a perfect
flood outlook months in advance, Grand Forks might not have been saved. While it can
never be known with certainty what would have occurred with a more accurate forecast,
because local officials did not have information which would allow them to understand
the uncertainty inherent in the predictions that they were provided, they were not given
the opportunity to choose among possible alternative flood fighting strategies. Similarly,
if local residents had better understood the uncertainty of the forecasts, then some might
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have chosen to move their belongings well before the event. The provision of uncer-
- tainty information would have empowered decision makers at all levels.

A broader question is whether or not damages might have been avoided had the
community been more “forecast independent” —that is, less reliant on forecasts
through structural or non-structural mitigation policies. Indeed, a city official observed
in an interview that if the 1979 flood had ted to greater impacts, there might have
been fewer residents living close to the river in 1997 and thus fewer structures to
protect. In the aftermath of the 1997 flood, residents face difficult decisions about
land use and floodplain occupancy. No matter the results of these decisions, because
of the geography of the region the Grand Forks community will always be reliant to
some degree on forecast information as part of its flood mitigation strategy. There is
no bluff on which the city might relocate. Consequently, while longer-term deci-
sions such as land-use planning can significantly reduce the community’s vulnera-
bility to floods, it is unlikely that these decisions can completely obviate their
reliance on flood forecasts.

Information-Induced Decision Process Pathologies

This analysis of response to flood predictions in Grand Forks and East Grand Forks
leads to two conclusions about the role of forecasts in processes of decision:

* Confusion about the uncertainty of the predictions led to misplaced responsibil-
ity for flood fight decision making.

Because the NWS issued each crest stage prediction as two numbers, local deci-
sion makers did not have the information necessary to evaluate the risk they faced
under alternative courses of action. Effectively, this put the NWS in a position it
should not find itself — of implicitly deciding what level of risk a local community
should face (i.e., in this case a crest stage of 49 feet). In other words, local decision
makers did not have reliable information on which to decide whether to pursue a
more aggressive (or a more conservative) response. Their response was dictated by
the NWS prediction. For local decision makers seeking to use the prediction, this
can lead to misjudged risk assessment, overconfidence in forecasts, and ultimately
poor decisions about how to fight the flood. A more appropriate process would have
provided local decision makers and the public with probabilities of different lev-
els of inundation and information about the limits of predictability. The decision
makers could have coupled the prediction information with other relevant information
and then decided how they ought to respond. Exactly how this process of communica-
tion of uncertainty would be done (e.g., what is communicated to whom, how, etc.) is
unclear and requires further investigation and experimentation at the local level.

Some local decision makers in the region want this responsibility, others do not.
Many of the decision makers interviewed expressed the following sentiment: “We
don’t want changes, just give us an accurate forecast that the NWS will stand behind.”
The local resistance to change is understandable: the effect of providing probabilistic
information would result in a shift in responsibility (and accountability) for decision
making on the question of “what river height do we prepare for?” from the NWS to
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the local decision makers. For many local decision makers, this added responsibility is
not desired. But more generally, few would argue that such decisions belong at the
local level and should not be made by the NWS.

* A poor understanding of the appropriate use of forecasts inhibits the ability of
the forecasting community (research and operations) to credibly justify support
for scientific or technical improvements in the forecast process.

Flood forecasts are an important component of federal flood policy as many deci-
sion makers rely on them. The United States government is currently in the process
of spending more than $4 billion to “modernize” its National Weather Service,
including improvements to its river and flood program (Fread et al., 1995). Such
improvements carry with them a promise to “greatly improve the capability of water
facility and emergency managers to take timely and effective actions that will sig-
nificantly mitigate the impact of major floods” (Braatz et al., 1997). To be met, this
promise requires that decision makers use forecasts in a manner which results in
improved outcomes from society’s perspective. As Gilbert White noted in 1939: “a
forecast is of no value unless those who receive it are prepared to act promptly and
efficiently.” Further, a forecast that is “inadequate” —meaning either mistaken, mis-
leading, or misused “may cause more loss than had there been no forecast at all”
{White, 1939, p. 218).

At stake for the forecasting community is the ability to make good on its promise to
contribute to societal benefits and thereby secure continued support of the public and
its elected representatives. A view held by some— that forecasters forecast and what
others do with the forecasts is their responsibility —no longer seems tenable. In the
environment of U.S. science policy, scientists who demonstrate a clear connection
between research improvements and societal outcomes will have an upper hand in the
budget process. This means that the forecasting community should assume some
responsibility to ensure that their products are used appropriately.

BROADER INSIGHTS

As the NWS moves toward the issuance of probabilistic flood forecasts (Braatz et
al., 1997), they must take care to ensure that such forecasts are of use to decision
makers. While there is a growing body of experience and theory on the use and mis-
use of weather and climate forecasts, knowledge of the use and misuse of flood
forecasts remains primitive. Four bodies of experience and theory stand out as par-
ticularly ripe opportunities to contribute to effective implementation of probabilistic
flood forecasts: (1) A comparison of the flood response in 1997 in Fargo to that of
Grand Forks yields some interesting hypotheses; (2) the Advanced Hydrological
Prediction System of the NWS provides a ready-made laboratory for the proto-
typing and evaluation of probabilistic forecasts in small-scale settings; (3) more
broadly, experiences with hurricane forecasting in the United States; and (4) sea-
sonal climate prediction in Australia provide data which may contribute to improved
use of flood forecasts.
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Flood Response in Fargo, ND, April 1997

The flood fight in Fargo was different in important respects from that in Grand
Forks.!® A comparison of the two communities’ approaches to flooding might yield
some useful information for other communities with flood-related concerns. Such a
comparison would likely consider the following two factors:

* Officials in Fargo conducted “what if?” exercises to assess the potential impacts
of different crest stages. They did this by simply coloring an elevation map of
the city. Decision makers in this community were provided with the same set
of outlook and forecast products as was Grand Forks. Additional research might
assess the usefulness of such sensitivity analyses.

* The NWS issued an incorrect forecast of flood stage for Fargo based upon a
faulty river gauge reading (Bonham, 1997). The forecast was considerably
higher than the observed crest. It did serve to mobilize response in the commu-
nity. The Fargo case provides an opportunity to assess the costs and benefits of a
forecast that erred on the high side of the crest.

Fargo largely escaped damages from the 1997 flood. It would be of value to under-
stand how much, if any, of the different outcomes can be attributed to differences in
response to the event.

Advanced Hydrological Prediction System

The Advanced Hydrological Prediction System (AHPS), initially implemented by
the National Weather Service in the Des Moines River basin beginning in March
1997, provides an opportunity to learn more about how decision makers perceive and
use flood forecast information.!® The AHPS is to build on the NWS Modernization
and is expected to have the capability to generate probabilistic predictions of river
stage levels up to several months in advance. As part of the initial implementation in
Des Moines, decision makers-in the basin were sent a questionnaire asking about their
information needs. The results of this first AHPS implementation need to be closely
evaluated from the standpoint of the use of information. If successful, it may provide a
model which can be replicated in other basins.

Lessons from Responses to Hurricane Predictions

In 1983 the U.S. National Hurricane Center began to issue hurricane forecasts in
terms of the probability of the center of a storm passing within 65 miles of selected
locations. Preceding this, hurricane forecasters and emergency managers had expressed
concern that if the NWS issued probabilistic information, which was desired by emer-
gency management officials, it would adversely affect public response because of “a
belief that the public was largely ignorant about probabilities in general and about the
appropriate use of them in particular” (Baker, 1995, p. 137).2° In contrast to this belief,
Baker (1995, p. 146) found that “people are more capable of comprehending and
using at least certain types of probability information than is usually noted in the
information processing and subjective risk literature.”

The use of probabilistic information in the hurricane case suggests that such infor-
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mation might be fruitfully applied in the case of floods. This then begs for a system-
atic evaluation of the hurricane case so that lessons are learned and mistakes are not
repeated in the case of the floods. It is worth noting that in Baker’s conclusion he
notes: “possibly the most important finding pertaining to hurricane preparedness is
that local officials’ advice or orders regarding evacuation remain by far the most
important element in affecting evacuation, regardless of whether probabilities are
included in people’s information or not” (pp. 148-149). This adds further support to
the notion that responsibility for flood-fight decision making lies at the local level, and
not with the NWS.

Australian RAINMAN

Over the past several years, the Australian government developed a decision aid for
people (mostly farmers) whose activities are significantly affected by rainfall. The
management tool comes in the form of a software package called RAINMAN: Rain-
fall Information for Better Management. The package is based on historical climate
information and provides its user information related to the probability of a certain
amount of rain occurring at a particular time for more than 4,000 places in Australia.
Such a tool is made possible because Australia’s climate has a very strong connection
to the El Nifio-Southern Oscillation phenomenon. In years when El Nifio is in its
warm phase (i.e., an El Nifio event), parts of Australia are likely to receive less rainfall
than in other years; similarly, when El Nifio is in its cold phase (a La Nifia event),
rainfall is more abundant for certain areas.?!

The use (or misuse) of the probabilistic information provided by Australian RAINMAN
provides a valuable body of experience. In this case, individual decision makers
(mostly farmers) are empowered with the information needed to assess the risks that
they face on an annual basis. Because the average Australian farmer typically makes
almost all of his (her) profits in only three out of ten years (the rest suffering losses or
breaking even), it is important to factor climate information into agricultural deci-
sions. Unfortunately, an assessment of the successes of shortfalls of the Australian
RAINMAN has yet to be published.2 An evaluation of the effectiveness of this pro-
gram would provide valuable insight as to the use and misuse of probabilistic weather
and climate information more generally.

CONCLUSIONS

The damaging flooding in 1997 in the Red River of the North was the outcome of an
extreme hydrological event and many decisions made over many years. In the after-
math of the disaster, attention quickly focused on the role that official river stage pre-
dictions played in flood fighting decision making. The following five conclusions
drawn from the Grand Forks experience have broader significance for the use of river
stage predictions. :

« The NWS needs to better understand the uncertainty inherent in its own outlooks
and forecasts. Information about uncertainty and predictablity has potential
value to decision makers.
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The NWS needs to explore how to better communicate uncertainty to decision
makers. Misuse of predictions can lead to greater costs than if no prediction
were provided.

Local decision makers need to explore ways to become more forecast-independent.
Less reliance on forecasts will reduce the effects of uncertainty.

Responsibility for flood flight decision making belongs at the local level. The
NWS should not place ‘itself in the position of determining how much risk a
community should face.

The policy research community needs to focus more attention on understanding
the actual use and misuse of predictions. As the forecast community develops a
greater range of more sophisticated products, more attention will have to be paid
to their appropriate use. Misuse of predictions can result in large costs and loss
of support for NWS activities.

Flood forecasting has an important role to play in the nation’s efforts to reduce its
vulnerability to damaging floods. However, as the case of the Red River of the North
illustrates, the promise of flood forecasting will be met only if explicit attention is
paid to the use and misuse of forecast products.
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NOTES

The National Center for Atmospheric Research is sponsored by the National Science
Foundation.

As quoted in Drache (1970, p. 159). The poem is undated. O. A. Olson was born in
1886.

PartnerRe (1997) estimates losses at $1.75 billion (current dollars).

See, for example, USA Today (1997), Merx (1997a, 1997b), and Prodis (1997).

To put economic losses in context, 1992 saw $762 million in losses while 1993 saw
$16.4 billion (current dollars). Data sources: USACE/NWS (1989), USACE/NWS
(1995), and F. Richards personal communication.

For extensive reviews of the literature on floods, see Weiner (1996) or FIFMTF (1992).
The second national assessment is published by the Joseph Henry Press and the inter-
national assessment by Routledge Press.

The blizzard is described at http://www.rwic.und.edu/blizzard97/.

Compare the statement of North Dakota Representative Earl Pomeroy “General
Furman, the head of civil works for the Army Corps of Engineers, surveyed the prep-
arations and indicated that he thought this represented the very best advanced mea-
sure work the Corps of Engineers had ever attempted” (Congressional Record, 1997).
See, for example, http://www.gfherald.com/news/local/days.htm.

For a discussion of the distinction of hydrologic from damaging floods, see Pielke
(1999) and Pielke and Downton (in press), both of which are available from the
author.
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12. The NCRFC uses the term “normal” instead of “average.” The use of the term “nor-
mal” could be misleading because of the large variability in precipitation documented
in the region (see Miller & Frink, 1984).

13. A paraphrase of a statement of the mayor of East Grand Forks made in the immediate
aftermath of the flood (see Foster, 1997).

14. This is the headline of Paulsen (1997).

15. Once the river exceeded the level of the 1979 flood, some Corps officials noticed that
their internal estimates diverged from those of the NWS and were in fact closer to the
observed flood level, and therefore concluded that the peak stage would be higher
than NWS predictions, perhaps 52-55 feet. This information was communicated on
April 18 by Corps officials at St. Paul to Corps Headquarters in Washington, who
included the information in material presented to congressional delegations (USCOE,
1997). When these delegations then asked NWS officials about the 55 foot “forecast,”
NWS officials were at that time unaware of its origins.

16. Based on measurements and analyses conducted by the Corps and the U.S. Geologi-
cal survey, the peak volume at Grand Forks was more than 136,000 cfs on April 18.
But the peak stage occurred early on April 22 at a flow of 114,000 cfs (Bradbury,
1997b). The counter-intuitive result illustrates the complexity of flood forecasting.

17. Indeed, communication was also less than optimal between the NWS and local com-
munities. For instance, a small dam broke upstream of Grand Forks resulting in a
potential change in flow characteristics of the river. While local officials were aware
of this event in its immediate aftermath, NWS officials did not learn of it until days
after the peak flood stage. Such information could have been relevant to subsequent
forecasts.

18. I thank Paul Todhunter at the University of North Dakota and Dennis Walaker of the
City.of Fargo for useful input on this section.

19. The AHPS has a WWW homepage at http://www.crh.noaa.gov/ncrfc/ahps/ index.html.

20. Baker points to Murphy and associates (1980) as an influential study which raised concerns
about the public’s ability to understand probabilistic information. Baker notes that this study
is often misinterpreted: “The study actually found that most people understood the proba-
bility aspect of the information well enough but were not aware of the definition of the event
to which the probability referred” (Baker, 1995, p. 138).

21. Information on RAINMAN can be found on the WWW at http:/ amdisa.ho.bom.gov.au/
climate/how/rainman/rainman.shtml. The software is described in detail in a video titled
‘Farming a Sunbumt Country.” See http://amdisa.ho.bom.gov.auw/ climate/how/sunburnt/
index.shtml.

22.  Neville Nicholls, personal communication, 21 August 1997.
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