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Top Line Summary 
 Independent actuaries studied National Flood Insurance Program (NFIP) rates in 5 counties. 
 The study finds that many property owners are overcharged while others are undercharged. 
 NAR recommends several changes to better align NFIP rates to the property-specific risk. 

 
Key Study Findings 
 NFIP rates are currently not well aligned with risk. 
 NFIP rates do not track with other risk factors such as distance to coast/river. 
 Doing so could increase NFIP participation and strengthen solvency. 
 “A Zones” (high risk areas): NFIP uses one rate table to charge most high risk properties across 

the U.S. 
o As a result, two property owners facing different risks could pay the same premium rate. 

 For example, storm surge flooding in coastal areas causes more damage than 
riverine flooding – yet in the A zone, rates do not reflect this difference. 

o Also, because 20% of properties are subsidized, adjacent properties with identical risk 
profiles could pay dramatically different rates. 

 “X Zones” (low risk): While the A zone table accounts for the relative elevation of the property, 
the X zone table does not; many will not voluntarily opt in as long as the average rate is so high. 

o Thus some low risk properties pay more than high risk properties that are elevated.  
 
Recommendations 
 Divide the A zone into coastal and inland subzones and calculate a rate table for each. 
 Incorporate risk factors such as distance to river/coast, in addition to property elevation. 
 Develop an X zone table that accounts for property elevation and other appropriate risk factors. 

 
Methodology 
 This is a case study, not a full actuarial study of FEMA’s rate-making process. 
 Selected 5 counties: Pinellas, FL; Harris, TX; Ocean, NJ; Merced, CA; and Hancock, Ohio. 
 Identified a typical high risk property for each county (e.g., 1-story $175,000 masonry structure 

built in 1970) then varied one attribute (e.g., built in 1995 instead of 1970). 
 Assumed that all properties in the county reflect these characteristics so only the location and 

elevation of the property would vary. 
 Calculated the rate two ways: first as NFIP would then as a private insurance company would, 

and compared the results. 
 Evaluated how the rates change with other risk factors including the distance to coast/river. 

 
Complete Study & Results: Available upon Request 
 
For more information: please contact Austin Perez, 202-383-1046 or aperez@realtors.org, at the 
National Association of REALTORS. 
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EXECUTIVE SUMMARY

Purpose of Report

The National Association of REALTORS® (NAR) is a trade association representing
REALTORS® in the United States. It is the country’s largest trade association and one of its
largest lobbying groups. Milliman, Inc. (Milliman) is among the world’s largest independent
actuarial and consulting firms. NAR engaged Milliman to show how increased differentiation of
rating zones would affect and potentially improve National Flood Insurance Program (NFIP)
rating.

This section of the report contains a high-level summary of our project scope and findings. The
remainder of this report provides a more in-depth description of the data, methods and assumptions
underlying these results, extended comments on our findings, and exhibits that document the
analysis.

Scope of Analysis

The scope of this analysis is to show how expected losses and relative adequacy of NFIP
premiums depend on factors that influence flood risk, such as the following:

� Is the house in a location that is higher or lower than the surrounding area (is it on a hill or
in a depression)?

� How near is it to the coast?
� How near is it to a river or stream?
� What effect do the building characteristics have for the examples chosen?

We also compare NFIP expenses to those of a private insurer.

Although the risks in this analysis are realistic, they are limited examples selected from a range of
many risk types and geographies. The NFIP’s rate adequacy depends on the entire portfolio of
risks it writes.

Highlights

Highlights of the findings addressed in this paper are as follows:

� The current NFIP rates are not aligned well with risk.
� Some risks are undercharged and others are over-charged.
� In this paper we suggest ways the NFIP rates could be improved.
� Improvements would likely result in more homeowners purchasing flood insurance and

could lead to improved solvency of the NFIP.



P a g e 2

Key Findings

The current NFIP rating plan has limited geographic granularity. NFIP premiums are based
primarily on three flood zones (X, AE, and VE) as well as elevation relative to Base Flood
Elevation (BFE) in the AE and VE zones.1 This limited granularity results in cross-subsidization
between policies.

A private flood insurance program would likely have much more granularity and reduced cross-
subsidization. It would likely have higher rates for policies that have inadequate NFIP premiums
and lower rates for those that have excessive NFIP premiums. If the NFIP introduced additional
rating factors, or refined its existing flood zones, it could reduce the level of cross-subsidization
within the program.

The NFIP’s actual experience is strongly influenced by which people choose to buy flood
insurance. People in less risky areas, where NFIP rates tend to be higher than the target premiums,
are less likely to buy flood insurance. Currently, houses in the X zone are not required to purchase
flood insurance. The take-up rates (percentage of people who purchase flood insurance) in the X
zone are very low, which may be in part because they are often subsidizing higher-risk locations.
Since homeowners are usually aware of their flood risk, they may not choose to purchase flood
insurance because they believe their risk is low relative to the premium charged.

The current cross-subsidization within the NFIP is complex and results from the mismatch
between expected flood losses and the NFIP rates. This means that it is not possible to determine
the direction of the subsidy by considering either the expected losses or the NFIP rates by
themselves. The amount of subsidy often varies with geographic features that are related to loss.
This is because the expected loss varies with these features, but the NFIP premium does not
sufficiently reflect this variation.

We found that, all else being equal, expected loss usually:

� Decreases at higher elevations relative to surrounding areas.
� Decreases as you go away from the coast.
� Decreases as you go farther from rivers.

We discuss in more detail some of the ways that a mismatch between the NFIP premium and the
underlying flood risk results in cross-subsidization in the “Detailed Discussion” section of this
report.

Enhanced granularity in NFIP flood rates through the adoption of a multivariate rating structure
similar to that described in Exhibit FL-I would likely align the premiums more closely with flood

1 There are other flood zones, but these are the most important ones and the ones we reviewed in this study. The X
zone consists of those locations with less than a 1% annual chance of flooding. The AE zone consists of those
locations with at least a 1% annual chance of flooding in areas where BFEs have been determined but there is no
velocity hazard. The VE zone is similar to the AE zone, but with the velocity hazard. Velocity hazard means there is
increased risk arising from the velocity of waves during a flood, such as can occur during storm surge.
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risk. This would mean increasing the number of flood zones and/or adding additional rating
variables, such as:

� Distance to the coast
� Distance to river/stream
� Relative elevation

In the X zone the NFIP premium does not currently depend on elevation. Adopting the use of
relative elevation would help address this limitation. Although the premium in the AE and VE
zones does depend on elevation relative to BFE, adding relative elevation would improve rating
accuracy.

Another method of improving NFIP rating would be the adoption of more continuous rating
variables. The current rating plan can result in abrupt changes in rates from one rating bin to an
adjacent rating bin, such as a location at BFE and a location one foot below BFE. Increasing the
number of rating bins or using continuous rating variables would reduce these discontinuous
premium changes, resulting in more accurate rates and possibly reducing large premium changes
as flood maps are revised.

These improvements would likely result in more homeowners purchasing flood insurance, because
many homeowners would likely receive lower premiums after this change. However, some
homeowners who currently have their premiums subsidized by those at lower risk would likely
face large premium increases.
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DESCRIPTION OF ANALYSIS

Many NFIP policies are in states at high risk of flooding. This study includes counties in five
states, selected to include areas at high risk of flooding, but also to be geographically diverse.

TABLE 1: NFIP POLICIES BY STATE

State NFIP Policies in Force (2/28/15) Percentage of NFIP Policies

Florida 1,929,393 37%

Texas 598,837 11%

New Jersey 236,241 5%

California 233,522 4%

Ohio 39,809 1%

Other States 2,204,483 42%

TOTAL 5,242,285 100%

For each county we determined a set of notional locations based on the centroid of each residential
parcel, as derived from county data. Each base risk had fixed property characteristics, so that the
only difference between notional risks was location. In this way we can isolate the impact of
geography. Two base risks with different characteristics were selected for each county, which
enabled us to look at how these characteristics impact expected loss and profitability.

The characteristics of each base risk are described below:

� Pinellas County, Florida

o Locations analyzed are 243,607 points in Pinellas County, FL.
o Base Risk 1 is 1970 year built, prior to the introduction of the Flood Rate Insurance

Maps (FIRMs), so NFIP premiums are subsidized.
o Base Risk 2 is 1995 year built, after the introduction of FIRMs, so NFIP premiums

are unsubsidized.
o Both modeled risks are 1-story; Masonry construction; Coverage A $175,000;

Coverage C 50% of Coverage A;2 Deductible $2,000.

� Harris County, Texas

o Locations analyzed are 951,240 points in Harris County, TX.
o Base Risk 1 is 1 story, $125,000 Coverage A.
o Base Risk 2 is 2 story, $250,000 Coverage A.
o Both modeled risks are 1995 Frame construction; Coverage C 50% of Coverage A;

Deductible $2,000.

2
Coverage A is the dwelling limit and is based on dwelling replacement cost. It does not include land, is not based on

market value, and may differ significantly from market value. Coverage C is the contents limit.
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� Ocean County, New Jersey

o Locations analyzed are 292,211 points in Ocean County, NJ.
o Base Risk 1 is at grade (not elevated).
o Base Risk 2 is elevated 10 feet above grade.
o Both modeled risks are 1-story; 1995 Frame construction; Coverage A $175,000;

Coverage C 50% of Coverage A; Deductible $2,000.

� Merced County, California

o Locations analyzed are 41,920 points in Merced County, CA.
o Base Risk 1 is 1 story, $150,000 Coverage A.
o Base Risk 2 is 2 story, $250,000 Coverage A.
o Both Modeled risks are 1995 Frame; Coverage C 50% of Coverage A; Deductible

$2,000.

� Hancock County, Ohio

o Locations analyzed are 23,523 points in Hancock County, OH.
o Base Risk 1 has a basement.
o Base Risk 2 does not have a basement.
o Both modeled risks are 1-story; 1995 Frame construction; Coverage A $100,000;

Coverage C 50% of Coverage A; Deductible $2,000.

The counties and base risks in this study were selected in consultation with volunteer members of
the NAR Insurance Committee. We selected counties with relatively high flood risk from different
regions of the country, and varied building features in each location. We selected base risks that
are relatively typical for each area based on a review of local market data obtained from NAR.

For catastrophic flood exposure, historical experience may not be sufficient to measure future risk.
In many areas, flood events are infrequent. Since housing costs and geographical concentrations
change over time, historical experience may not be predictive of future loss. Therefore, to estimate
losses from catastrophic exposures, insurers often use catastrophe models, which are based on
hazard, engineering, and financial models calibrated to reproduce historical events on average.

We utilized catastrophe model output obtained from the RMS hurricane model, v13.0, with the
long-term frequency setting, with demand surge. We calculated Average Annual Losses (AALs)
with and without Storm Surge and calculated the Storm Surge AAL as the difference. Non-Storm
Surge Flood expected loss is determined from the KatRisk flood model. We calculated total
expected loss by adding Storm Surge expected loss and Non-Storm Surge expected loss.3

Our target premiums are based on the total expected loss, adjusted to include provisions for
expense and contingencies as shown in the Expense Exhibits, Page 3.

3 The same event can cause flooding from both Storm Surge and non-Storm Surge, so adding these AALs will
overestimate the expected loss in some cases. For purposes of this analysis, we believe the potential overstatement
would not be material and would not impact our overall conclusions.
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NFIP Premiums for each risk at each location were calculated from NFIP rate manuals effective
October 2014. We used standard rates and, where appropriate, submit-to-rate rates. We excluded
locations that were in neither the standard manual nor the submit-to-rate manual. There were very
few of these locations and they had very low elevations relative to BFE. This study did not
consider the Preferred Risk Program, which provides substantially reduced rates for certain risks in
the X zone that have had a favorable loss history.

The premiums above/below target were calculated as the NFIP premiums minus the target
premiums.

We utilized the following Geographic Information Systems (GIS) layers:

� Distance-to-Coast, which was calculated based on the coastline from the National
Hydrology dataset.

� Distance-to-River, which is the distance to the nearest river or stream in the National
Hydrology Dataset.

� Relative Elevation, which is defined as the elevation within 100 meters of the location
minus the average elevation within 2.5 kilometers of the location. We used elevation data
from the National Elevation Dataset.

Figure 1

� FEMA Flood Zone. We utilized FEMA flood zones because they are the basis of the NFIP
pricing. We determined FEMA flood zones based on the National Flood Hazard Layer.
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DETAILED DISCUSSION

Take-Up Rates

The flood take-up rate is the percentage of people who buy flood insurance. It tends to be higher in
riskier areas. We have assumed 100% take-up rates in order to show premiums for all locations in
each of the counties analyzed. In reality, people in riskier areas, where NFIP rates tend to be lower
than the target premiums, are more likely to buy flood insurance. A comparison using actual NFIP
take-up rates would show much more significant rate inadequacies on average than a comparison
assuming 100% take-up rates.

Table 2 shows estimated NFIP take-up rates by county based on policies in force as reported by
the NFIP, and number of single family homes as estimated by the United States Census.

TABLE 2: ESTIMATED TAKE-UP RATES

County County Take-up Rate

Pinellas County, FL 47%

Harris County, TX 23%

Ocean County, NJ 21%

Merced County, CA 11%

Hancock County, OH 4%

Discussion of Exhibits

Pinellas County, Florida (Exhibits FL-A to FL-H):

The dominant mechanism of flooding in Pinellas County, Florida is Storm Surge, though locations
with exposure to Storm Surge risk are not necessarily in a VE zone. Exhibit FL-H shows that there
is a very strong relationship between expected loss and distance to the coast in Pinellas County.
This relationship is even stronger outside of the VE zone than in it. For example, in the AE zone
for the unsubsidized (post-FIRM) risk the expected loss is $5,168 within 0.025 miles of the coast
and drops to $408 more than five miles from the coast. For the X zone, the average expected loss
is $4,216 within 0.025 miles of the coast and only $76 more than five miles from the coast.
Distance from the coast is at least as important as flood zone in determining expected loss in
Pinellas County.

The NFIP rates include subsidization of properties built before the creation of flood maps. For
example, the average premium for the subsidized (pre-FIRM) risk in the AE zone is on average
$4,517 below the target premium, while the post-FIRM risk in the AE zone is on average $4,820
above the target premium, as shown in the following figure from Exhibit FL-E:
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This is a subsidy from the newer risks to the older risks. A similar pattern exists for VE, but not for
X because there are no separate rates for pre-FIRM and post-FIRM risks in the X zone.

The expected losses for a post-FIRM home are very similar to a pre-FIRM home, assuming that
the elevation of the first floor is the same. If houses built after the introduction of FIRMs are built
with their first floor higher above grade than older houses, they would have lower expected losses,
all else being equal. For the post-FIRM home in the AE zone, the NFIP premiums are much higher
near the coast, as shown in Exhibit FL-H Page 1. For pre-FIRM homes, although the expected
losses depend strongly on distance to the coast, the average NFIP premium does not vary
materially with the distance to the coast.

Pinellas County, Florida (Exhibit FL-I)

Multiple factors can affect loss, and sometimes these factors move in different directions. For
example, areas far from rivers may have higher expected losses because they are also near the
coast. Areas in the VE zone, where Storm Surge is the dominant flooding mechanism, may show
little relationship between expected loss and distance-to-river, because riverine flooding is much
less important than coastal flooding. For Pinellas County, Florida, we have included in Exhibit FL-
I a multivariate analysis that accounts for the multiple factors that affect flood risk.

This exhibit shows a multivariate analysis using a Generalized Linear Model with a Tweedie
distribution and a log link function. We constructed a Storm Surge and an inland flood model for
the X zone and outside the X zone. The model output and tests of statistical significance are shown
in Exhibit FL-I, Page 5.

The models predict expected loss using variables including distance-to-coast, distance-to-river,
elevation, and relative elevation as predictors. These models show that these variables have a very
strong relationship with expected loss, even after adjusting for the correlation among them. Pages
1b, 2b, 3b, and 4b contain graphs showing the relationship between risk and these factors. For
example, this means that distance-to-coast is important even after accounting for the impact of
elevation.
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Harris County, Texas (Exhibits TX-A to TX-H):

The dominant form of flooding in Harris County, Texas is riverine. There is a very small portion
of this county on the coast, but as shown in Exhibit TX-E, 91% of risks are outside the flood plain.
Only 108 risks out of 951,430 are in the VE zone.

Exhibit TX-F shows that the expected loss varies strongly with distance-to-river. For a one story
house in the AE zone, the expected loss decreases from $920 next to a river to $140 more than a
mile from a river. For a one story house in the X zone, the expected loss decreases from $279 next
to a river to $111 more than one mile from a river. Although the AE zone does have both higher
NFIP premiums and expected losses than the X zone, the NFIP premiums do not sufficiently
reflect the change in risk within the flood zone. In the AE zone, the risks far from a river have an
85% reduction in expected loss compared to those near a river, but only a 56% reduction in
premium. In the X zone, risks far from a river have a 60% reduction in expected loss compared to
those near a river, but the average premium is only 2% lower. In all of these cases we estimate the
target premiums to be lower than the NFIP premiums.

We compared one story houses to two story houses. Two story houses generally have higher
values but reduced vulnerability, because a flood of a given depth affects less of a two story house
than of a one story house. The relative vulnerability is the average loss per thousand dollars of
Coverage A for a two story house divided by the value for a one story house.

Tables 3 and 4 show the calculation of the relative vulnerability and relative premium rate based
on information from Exhibit TX-E:

TABLE 3: AVERAGE RELATIVE VULNERABILITY (HARRIS COUNTY)

Flood Zone AE VE X

One Story Average Loss $272 $3,869 $67

One Story Coverage A $125,000 $125,000 $125,000

One Story Average Loss per $1000
Coverage A

$2.18 $30.95 $0.54

Two Story Average Loss $353 $5,147 $87

Two Story Coverage A $250,000 $250,000 $250,000

Two Story Average Loss per $1000
Coverage A

$1.41 $20.59 $0.35

Relative Vulnerability 65% 67% 65%
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TABLE 4: AVERAGE RELATIVE NFIP PREMIUM (HARRIS COUNTY)

Flood Zone AE VE X

One Story Average NFIP Premium $2,725 $19,791 $1,221

One Story Coverage A $125,000 $125,000 $125,000

One Story Average Premium per $1000
Coverage A (Rate)

$21.80 $158.33 $9.77

Two Story Average Premium $2,572 $37,232 $1,666

Two Story Coverage A $250,000 $250,000 $250,000

Two Story Average Premium per $1000
Coverage A (Rate)

$10.29 $148.93 $6.66

Relative Rate 47% 94% 68%

Two story houses have about a third less expected loss than one story houses, so we would expect
a similar reduction in premium. However, the NFIP over-discounts two story houses in the AE
zone and under-discounts in the VE zone

Ocean County, New Jersey (Exhibits NJ-A to NJ-H):

In Ocean County, New Jersey we considered the impact of elevating a house by 10 feet. In the AE
zone, this reduced the expected losses by 98%, but reduced the NFIP premium by only 92%, as
shown in Exhibit NJ-E. A risk in the AE zone that is not elevated has a premium that is $4,460
above the target premium, whereas the elevated risk is only $433 above the target premium.
However, the not elevated risk has an expected loss of $456, while the elevated risk has an
expected loss of only $7, as shown in the following table excerpted from Exhibit NJ-E:

TABLE 5: ELEVATED (BASE RISK 2)

Flood Zone Average Loss
Average

Premium

Target

Premium

Premium

Above/Below

Target

Flood Plain (AE) $7 $445 $13 $433

Storm Surge Zone (VE) $4 $3,419 $7 $3,412

Outside of Flood Plain (X) $2 $1,570 $3 $1,566

TOTAL $3 $1,332 $5 $1,326

Merced County, California (Exhibits CA-A to CA-H):

In Merced County, California, the expected losses for one story and two story houses are similar
because the reduced vulnerability of two story houses offsets their higher value. The NFIP average
premiums are higher for two story houses in the X zone, but lower in the AE zone.

Expected loss varies strongly with relative elevation. For example, as shown in Exhibit CA-G, in
the X zone the expected loss for a one story risk at a relative elevation of less than -6 feet is $433,
while for a relative elevation of greater than 6 feet it is $10. These risks currently receive the same
premium, resulting in a premium adequacy that strongly depends on relative elevation. For the AE
zone, the NFIP premium varies with elevation relative to BFE, so the average premium does
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decrease at lower relative elevations. However, the NFIP premium does not change at the same
rate as the expected loss, resulting in rate adequacy that depends on relative elevation.

Hancock County, Ohio (Exhibits OH-A to OH-H):

In Hancock County, Ohio, the dominant flooding mechanism is riverine, so distance-to-river is
crucial, similar to what we saw for the Texas example. As shown in Exhibit OH-F, for a house
without a basement in the X zone, the average expected loss within 0.025 miles (132 feet) of a
river is $157, while more than one mile from a river the expected loss is $15. Despite having a
90% reduction in expected loss, these risks are charged the same NFIP premium.
In the AE zone, the average NFIP premium varies with distance-to-river because the Base Flood
Elevation is correlated with distance-to-river. However, the reduction in premium does not reflect
the reduction in risk. For the risk without a basement, the expected loss more than 0.25 miles from
a river is 75% lower than within 0.025 miles of a river, but the NFIP premium decreases by only
51%.

Expense Exhibit

The expense exhibit compares the NFIP expenses to State Farm, the largest insurance company in
the United States. The NFIP does not purchase reinsurance and does not have a profit load,
although it does have a contingency load. State Farm, like most private insurance companies, does
purchase reinsurance and this expense is included in the exhibit. The reinsurance State Farm has
purchased is likely based primarily on other perils such as wind risk, not flood risk, because Flood
is not a covered peril in State Farm’s Homeowners policies. Reinsurance cost depends on many
things, including the perils covered, the attachment point and limits, the distribution of risks, and
other terms and conditions of the contracts. For these reasons, the average expense shown should
be taken merely as indicative as opposed to directly comparable. However, the State Farm five-
state average of 43.4% is similar to the 42.0% NFIP expense ratio (for the non-Storm Surge Zone)
and 46.6% NFIP expense ratio (for the Storm Surge Zone).

Page 2 of the exhibit shows our source for NFIP expenses. Page 3 shows our assumptions in
calculating target premiums and an example of the calculation.
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LIMITATIONS AND QUALIFICATIONS

Use of Report

The data and exhibits in this report are provided to support the conclusions contained herein,
limited to the scope of work specified by NAR, and may not be suitable for other purposes.
Milliman is available to answer any questions regarding this report or any other aspect of our
review.

Distribution

This report was prepared solely for the use and benefit of NAR, and is only to be relied upon by
NAR. Although we have agreed to allow distribution of this report to outside parties, Milliman
does not intend to benefit any third party recipient of its work product. In the event this report is
distributed to third parties, the report must be provided in its entirety. We recommend that any
such party have its own actuary review this report to ensure that the party understands the
assumptions and uncertainties inherent in our estimates. This report may not be filed with the SEC
or other securities regulatory bodies.

Data Reliances

In performing this analysis we relied upon information obtained from NAR, catastrophe model
output obtained from RMS and KatRisk, NFIP reports, the United States Census, as well as GIS
layers from multiple sources. We have not audited or verified this data and information. If the
underlying data or information is inaccurate or incomplete, the results of our analysis may likewise
be inaccurate or incomplete. In that event, the results of our analysis may not be suitable for the
intended purpose.

Model Reliances

Our analysis is based on two catastrophe models, one from KatRisk and one from RMS. We have
reviewed the model output for reasonableness and consistency. However, no catastrophe model is
entirely accurate. To the extent that one or both models are biased, our results will be biased.

Uncertainty

We based our results on generally accepted actuarial procedures and our professional judgment.
Due to the uncertainty associated with the estimation of future loss payments and the inherent
limitations of the data, actual results will vary from our projections.

Use of Milliman’s Name

Any reader of this report agrees that they shall not use Milliman’s name, trademarks or service
marks, or refer to Milliman directly or indirectly in any third party communication without
Milliman’s prior written consent for each such use or release, which consent shall be given in
Milliman’s sole discretion.
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Exhibit FL-I
Page 5 of 5

National Association of Realtors

Regression Output

(1) (2) (3) (4) (5) (6) (7)

Storm Surge - "X" Flood Zone

Lower Upper
Wald 95% Wald 95% Probability

Degrees Standard Confidence Confidence Wald of > Wald
Item Value of Freedom Coefficient Error Limit Limit Chi-Square Chi-Square

Intercept 1 16.010 0.523 14.985 17.034 939 0.000

Distance to Coast (DTC) max[2.2, LN(DTC)] 1 -0.147 0.041 -0.226 -0.067 13 0.000

Distance to River (DTR) max{3.2, min[7.7, LN(DTR)]} 1 -0.170 0.054 -0.275 -0.065 10 0.002

Elevation max[0, min(3, elev)] 1 -0.383 0.136 -0.650 -0.117 8 0.005
max[3, min(8, elev)] 1 -1.932 0.029 -1.989 -1.875 4,442 0.000

Scale 0 7925.368 0.000 7925.368 7925.368 0 0.000

Storm Surge - "Non-X" Flood Zone

Lower Upper
Wald 95% Wald 95% Probability

Degrees Standard Confidence Confidence Wald of > Wald
Item Value of Freedom Coefficient Error Limit Limit Chi-Square Chi-Square

Intercept 1 30.534 1.882 26.846 34.223 263 0.000

Distance to Coast (DTC) max{2.2, min[5.3, LN(DTC)]} 1 -0.007 0.002 -0.011 -0.002 8 0.005

max{5.3, min[7, LN(DTC)]} 1 -0.067 0.004 -0.074 -0.060 312 0.000

max{7, min[9.2, LN(DTC)]} 1 -0.277 0.006 -0.289 -0.264 1,915 0.000

Distance to River (DTR) max{3.4, min[7, LN(DTR)]} 1 -0.051 0.002 -0.055 -0.047 667 0.000

Elevation max[0, min(2, elev)] 1 -0.204 0.004 -0.212 -0.197 3,234 0.000
max[2, min(5, elev)] 1 -1.255 0.009 -1.272 -1.238 20,999 0.000
max[5, min(8, elev)] 1 -3.309 0.377 -4.047 -2.571 77 0.000

Relative Elevation max(3,  rel_elev) 1 -0.075 0.008 -0.090 -0.060 97 0.000

Scale 0 5161.384 0.000 5161.384 5161.384 0 0.000

Inland Flood - "X" Flood Zone

Lower Upper
Wald 95% Wald 95% Probability

Degrees Standard Confidence Confidence Wald of > Wald
Item Value of Freedom Coefficient Error Limit Limit Chi-Square Chi-Square

Intercept 1 6.373 0.108 6.160 6.585 3,457 0.000

Distance to River (DTR) max{2, min[5.3, LN(DTR)]} 1 -0.420 0.020 -0.459 -0.380 427 0.000

Relative Elevation max[-35, min(-3, rel_elev)] 1 -0.044 0.003 -0.049 -0.039 286 0.000
max[-3, min(4, rel_elev)] 1 -0.237 0.003 -0.244 -0.231 5,713 0.000
max[4, min(19, rel_elev)] 1 -0.022 0.002 -0.025 -0.018 166 0.000

Scale 0 1135.755 0.000 1135.755 1135.755 0 0.000

Inland Flood - "Non-X" Flood Zone

Lower Upper
Wald 95% Wald 95% Probability

Degrees Standard Confidence Confidence Wald of > Wald
Item Value of Freedom Coefficient Error Limit Limit Chi-Square Chi-Square

Intercept 1 6.829 0.057 6.717 6.941 14,361 0.000

Distance to River (DTR) max{2.1, min[4.5, LN(DTR)]} 1 -0.338 0.013 -0.365 -0.312 634 0.000
max{4.5, min[5.9, LN(DTR)]} 1 -0.179 0.011 -0.201 -0.157 256 0.000

Relative Elevation max[-35, min(-1, rel_elev)] 1 -0.088 0.001 -0.089 -0.086 10,388 0.000
max[-1, min(1, rel_elev)] 1 -0.587 0.010 -0.608 -0.567 3,191 0.000

Scale 0 4233.685 0.000 4233.685 4233.685 0 0.000

Note:
1.  Coefficients estimated by GLM performed in SAS.
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