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Abstract: Japan’s susceptibility to and severity of floods have necessitated flood control policies
by the government. “Overflowing flood control”, in which the floods due to torrential rains are
systematically diverted to agricultural lands in the upper to middle reaches, is one of them. More
information is needed on the public assessment of the overflowing flood control policy, and this
research seeks to bridge this gap. Data evaluating rice affected by the policy were collected from a
random nth-price auction using a developed online system. The sample consisted of 47 consumers
living in the downstream areas of the Edogawa River, one of Japan’s first-class, or prime, rivers. Data
on their attitudes toward the policy were collected with a questionnaire. Multiple ordered probit
models are used for regression analysis. The results show that the sample respondents were willing to
pay an average of JPY 1578 for 5 kg of rice, slightly higher than the national average rice production
cost, and that 36% of the sample agreed with the flood control policy, which is positively associated
with large families or owning many assets.

Keywords: experimental economics auction; willingness to pay; random nth price; online experiment;
regression analysis

1. Introduction

In Japan, the annual rainfall of 1718 mm (annual average for 1971–2000), which is
twice the world average, is heavily concentrated in the spring rainy season and the typhoon
season (National Astronomical Observatory of Japan, 2004) [1]. Many rivers in Japan have
a steep gradient. At the same time, one-half of the population is concentrated in alluvial
plains, which are susceptive to flooding, so flooding damage, whenever it occurs, can be
quite serious. In response, improvement of the physical infrastructure has been undertaken
in the past, including dam construction in the upper reaches, construction of retarding
basins and diversion channels in the middle and lower reaches, as well as the construction
of embankments and dredging of riverbeds.

However, due to the climatic changes accompanying global warming, the frequency of
precipitation due to heavy rainfalls and intensive rain bursts has increased in recent years,
causing extensive river flooding yearly. Since the rainfall is predicted to further increase
by 10–20 percent in the future, it is necessary to discuss disaster reduction and mitigation
premised on the occurrence of floods due to rainfall that exceed the capacities of existing
flood control facilities.

In response, the Japanese government promulgated “The Law to Partially Amend
the Act on Countermeasures against Flood Damage of Specified Rivers Running Across
Cities and Other Acts (Act related to River Basin Flood Control)” on 10 May 2021. This
amended law was enacted to promote “River Basin Flood Control”, which takes into view
entire river basins from the upper to the lower reaches, and in which all concerned parties,
including the national government, and local governments which have jurisdiction of the
river basins, and residents, work together to carry out flood control.
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Among such undertakings for river basin flood control, the present study focuses
on the disaster risk mitigation functions of agricultural lands adjacent to urban areas.
Specifically, we consider the so-called “overflowing flood control” (Kishi, 2021) [2], in
which agricultural lands adjacent to rivers are intentionally flooded following torrential
rainfalls via open levees and other mechanisms based on discontinuous levees (Figure 1),
rather than relying solely on river embankments to contain the flooding, to reduce the risks
of sudden inundation in downstream residential areas.
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Flood control based on such retarding functions of agricultural land has been shown to
have significant disaster mitigation effects by Terayama and Shimatani (2021) [3] and Osawa
et al. (2022) [4]. However, since there is no institutional mechanism established to compensate
for the damage caused by the deliberate flooding of agricultural land, this flood control
measure is premised on the sacrifice on the part of the farmers (Yamada et al., 2022) [5].

Furthermore, agricultural products that have been inundated are in most cases dis-
carded because, once harvested, they are no longer eligible to receive agricultural insurance
(voluntary) payments or because of fear of the consumers’ negative rumors or misinfor-
mation (Kishi, 2021 [6]). However, many agricultural products subjected to inundation
should have no quality or safety issues if the inundation was temporary and relatively free
of sediments, and even if slightly damaged, they can still be used in processing. Therefore,
such products could be sold with added value as “agricultural products that were inun-
dated to prevent flooding of the downstream areas”. Even if such “added value” is not
feasible, if their marketability or selling price can be established, this could provide a basis
for the national or local government to calculate the compensation amount to farmers who
received damage. Most of all, this would allow the farmers to avoid discarding crops that
they had spent considerable time and energy raising, and thus losing their motivation to
farm (Gunji, 2021 [7]).

In this study, therefore, we examine the marketability and economic value of agricul-
tural products that were subjected to inundation as a means to compensate those farmers
who received economic damage due to their cooperation with flood control measures.
To investigate this subject, we target residents living in downstream areas, who are the
potential beneficiaries, and employ an experimental economics approach, which has been
gathering attention in recent years in the research to identify market mechanisms. In
addition, in the process, we analyze the residents’ awareness of river basin flood control
policies and identify the underlying factors descriptively and quantitatively, which should
contribute to consensus building among the Japanese.

In addition, there are many international studies related to this issue that have evalu-
ated the damage to farmland and agricultural products caused by floods (Saptutyningsih
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and Suryanto, 2011 [8]; Chau et al., 2015 [9]; Silva-Aguila et al., 2011 [10]; Chung et al.,
2019 [11]). However, all of these studies were based on farmers’ opinions or technical
methods and did not ask downstream residents (consumers), who are the beneficiaries of
flood control, to evaluate them. Therefore, the findings of this study will be important not
only for future flood control policies but also for academic purposes.

2. Methodology
2.1. Random nth-Price Auction

In this study, we employ a random nth-price auction, which involves repeated bids, to
assess the damaged agricultural products economically. This auction is a relatively new
mechanism and is an improved version of the “second-price auction” described by Vickrey
(1961) [12], which was frequently used in the 1990s in the field of experimental economics
to identify people’s preferences for goods.

In a second-price auction, the highest bidder makes the purchase but pays the price
bid of the second-highest bidder, thus separating the bid from the payment; this has
the desirable property (incentive compatibility) of giving bidders an incentive to bid
their true values (i.e., the amount they are willing to pay based on their preferences).
However, Knetsch et al. (1998) [13] pointed out that bidders who believe they will never
win may bid lower than their true preferences. Thus, Shogren et al. (2001) [14] showed
that, by combining the Vickrey second-price auction and the Becker–DeGroot–Marschak
mechanism, all bidders will be engaged to bid sincerely. This is the random nth-price
auction. Initially, the random nth-price auction was used in studies that dealt with purely
private goods, such as coffee mugs and beef chuck muscles, Kukowski et al., (2005) [15].
In recent years, however, it has been used to economically assess goods with public
environment-related attributes, such as traditional agricultural landscape certification,
Borrello et al. (2021) [16], where its validity has been confirmed.

While an auction experiment does not require repeated bidding rounds, it is common
to repeat the rounds because of the difficulty of making the participants aware in a single
round that the best strategy is to bid honestly, or to observe the effects of the feedback of
various information.

2.2. Experiment Procedure

After being approved by the research ethical review committee of the organization to
which the authors belong, the auction experiment was carried out in November, 2022. As
the good targeted for assessment, we chose rice, which is the product of paddies which
among agricultural land possess a large retarding effect.

The experiment procedure is shown in Figure 2. First, to the subjects who were asked
to gather online at a given time, we carefully explained the concept of river basin flood
control and the mechanism of the random nth-price auction using a video and text with
illustrations. To prevent the subjects from exiting during the session, they were divided
into groups consisting of five to eight people within the Zoom meeting and instructed
to simultaneously access the auction system developed for this experiment from their
smartphones or other terminal devices.

We then presented the scenario description, shown in Figure 3, and had the subjects
place a bid of the maximum amount they were willing to pay for rice that had contributed
to flood control. Any subject who did not wish to purchase was asked to enter a check
mark for the item “do not wish to purchase”, which had been separately prepared, instead
of entering a bid of JPY zero.

When all subjects had placed their bids, an amount was randomly selected from
among the entered bids as the winning bid (selling price), and all bidders who had bid
higher than this (nth price) were selected as the winning bidders (purchasers).

For each of the second and subsequent biddings, the bidding result (whether the
subject was successful in the purchase or not) and the winning bid (purchase price) of
the previous trial were fed back to the subjects. However, there is an academic debate on
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whether the information about the winning bid should be presented to the participants or
not when carrying out auctions with repeated rounds (Corrigan et al., 2012 [17]). Therefore,
we placed some subjects into a group to which the winning bid was not fed back so as to
investigate this issue, and compared the results with the other group to which the winning
bid was fed back (the bidding results were fed back to all subjects).
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This process was repeated a total of ten times. Although there are no clear guidelines
for setting the number of rounds, it is common practice to repeat for about ten rounds
under the same condition, as seen in the experiment by Shogren et al. (2001) [14], so we
followed this practice.

Furthermore, after the experiment, we had the subjects answer questions regarding
their awareness of basin flood control policies and attributes that may affect their prefer-
ences for inundated rice (individual, household, living arrangement, inundation experience,
disaster awareness, etc.).
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To achieve the objectives of this study, the two types of data thus collected (willingness
to pay for rice, awareness of basin flood control policies) are regressed on the attributes of
consumers and residents.

3. Outline of Subjects

As the participants in the experiment, we sampled 60 residents living in downstream
areas of Edogawa River (within the red borders in Figure 4). Based on the assumption that
disaster awareness is likely to be different depending on whether the subject lived in an
assumed inundation area or not, the sample was divided into two groups of equal size:
one consisting of those living in areas where the assumed inundation was 0.5 m or greater
(yellow, pink, and red areas in Figure 4) and the other consisting of those living in areas
where the inundation is assumed to be less than 0.5 m. Similarly, the sample was selected
to represent an equal number of the sexes.
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Since the subjects were unfamiliar with the auction system developed for the present
experiment, 10 of them failed to access the system due to trouble operating their terminal
devices, so 50 participated in the experiment. Of these, one was unable to take part in the
post-experiment survey due to other engagements, while two were removed because their
responses were found to diverge significantly from the general pattern, in terms of indices
such as the residuals and Cook’s distances, and thus considered to have an undesirable
effect on the analysis results. Thus, this study’s final sample targeted for analysis consisted
of 47 subjects.

The major attributes of the 47 subjects are presented in Table 1. In terms of the areas
of residence, Chiba and Saitama prefectures make up 85 percent, while the remaining
15 percent resided in Tokyo (Katsushika Ward). Occupationally, office workers made up
about half, followed by 15 percent consisting of housewives, and 13 percent of part-time
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workers, with no farmers. Regarding academic background, 64 percent were graduates of
universities or graduate schools, which is higher than the 27 percent share of university
graduates in Tokyo prefecture (2020, Ministry of Internal Affairs and Communications).
The average age was 48, and those in their 50s made up 34 percent.

Table 1. Subject attributes (n = 47).

No. Percentage No. Percentage
Area of residence Residence status: Multiple-dwelling complex 24 51.1

Tokyo Pref. (Katsushika Ward) 7 14.9 Stand-alone house 23 48.9
Chiba, Saitama Prefectures 40 85.1 Residence status: Multiple-dwelling complex 31 66.0

Assumed flood inundation area Stand-alone house 16 34.0
Depth 0.5 m or greater 24 51.1 Inundation experience (including at parents’ house)
Depth less than 0.5 m 23 48.9 Yes 8 17.0

Sex Male 24 51.1 Checked hazard map Yes 35 74.5
Female 23 48.9 Have relative or acquaintance engaged in agriculture

Occupation Yes 9 19.1
Office worker, government worker 24 51.1 Flood insurance Subscribe 24 51.1

Housewife 7 14.9 Flood countermeasures (multiple choice)
Part-time worker 6 12.8 Food and beverage store 41 87.2

Unemployed 4 8.5 Prepared emergency carry bag 27 57.4
Dispatched or contract workers 3 6.4 Checked evacuation site or route 27 57.4

Self employed 2 4.3 Raised foundation, banking 7 14.9
Business owner 1 2.1 Cleared drainage channel, sandbags, other 4 8.5

Academic background View of river basin flood control policy (assigned value)
Senior high school 6 12.8 Agree (5) 17 36.2

Junior college, vocational school 11 23.4 Somewhat agree (4) 21 44.7
4-year university 28 59.6 Undecided (3) 6 12.8
Graduate school 2 4.3 Moderately disagree (2) 1 2.1

Age Average (s. d.) 47.9 (10.7) Disagree (1) 2 4.3
Household annual income (JPY 10,000 per year) Average (s. d.) 4.06 (0.98)

Average (s. d.) 755.3 (401.5)
No. of household members: Average (s. d.) 2.47 (1.20)

Notes: 1: Target areas in Saitama Prefecture consist of Misato City, and in Chiba Prefecture of Matsudo City,
Ichikawa City, Nagareyama City, and Urayasu City. 2: The averages and standard deviations of household annual
income were computed from a frequency distribution table in which income was divided into eight categories,
from less than JPY 2,000,000 to JPY 14,000,000 or more.

The average yearly household income, computed from the frequency distribution, was
JPY 7,550,000, which is somewhat higher than the average of the Tokyo Prefecture of JPY
6,290,000 (2019, Ministry of Internal Affairs and Communications). The average number of
household members was 2.5, which is higher than the average for Tokyo: 1.9 (2020, Ministry
of Internal Affairs and Communications). Regarding residence status, 49 percent lived in
stand-alone houses, and 66 percent owned their residence. According to the Ministry of
Internal Affairs and Communications, the percentage of stand-alone houses in 2018 was
24 percent in Tokyo and 54 percent in Chiba, while the percentages of house ownership
were 46 percent in Tokyo and 66 percent in Chiba, indicating that the residence status of
the sample group is representative of the average in the corresponding areas.

As to the experience and awareness of disasters, 17 percent had experienced inunda-
tion, including that at their parents’ houses, while 75 percent had checked the flood hazard
map (same as Figure 4). In a survey by Mizuki (2012) [18] targeting residents of Kita ward
in Tokyo, 32 percent had checked the local hazard map, which seems to indicate a drastic
increase in disaster risk mitigation awareness over the past ten years. Furthermore, as
measures of preparedness against flooding, one-half had taken out flood insurance, while
87 percent kept stores of food and beverages. Fifty-seven percent kept emergency carry
bags on hand or had confirmed evacuation sites or routes, which indicates that, in recent
years, the residents not only have had an awareness of disasters but have further taken
action in this direction.
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Finally, when asked their views on whether they agree or not with river basin flood
control policies, on a five-point scale, 36 percent responded favorably, and 45 percent
somewhat agreed, showing an overall approval. The types of residents who agree are
quantitatively examined in the final section.

4. Experiment Results
4.1. Validity of Auction and Publicness of Goods

Figure 5 shows the variation in the average bid over ten rounds, and Table 2 presents
a summary. We first examine whether the mechanism of a repeated round auction func-
tioned adequately.
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Table 2. Overview of bids.

Feedback of Winning Bid Entire Sample
(n = 47)With (n = 26) Without (n = 21)

No. of bidders (percentage) 25 (96.2%) 19 (90.5%) 44 (93.6%)

Average bid/5 kg (s. d.)
(final round)

Only bidders JPY 1747 (409.5) JPY 1354 (375.8) JPY 1578 (440.5)
Including non-bidders JPY 1680 (523.6) JPY 1225 (534.7) JPY 1477 (574.8)

Average standard deviation of
subjects (includes non-bidders)

First half (Rounds 1–5) 215.0 118.9 172.0
Second half (Rounds 6–10) 146.9 56.6 106.6

Note: Non-bidder refers to a person who did not enter a bid because he or she “did not wish to purchase”. (treated
as JPY zero in the quantitative analysis).

Let us look at the average standard deviations according to subject group, presented at
the bottom section of Table 2. We see that the standard deviation of the second half (rounds
6–10) is lower than that of the first half (rounds 1–5) regardless of whether feedback of the
winning bid was given or not. This indicates that, as the bidder placed bids over several
rounds, the awareness grew that the best strategy is to bid the amount he or she feels to be
the most appropriate, resulting in the individual assessments converging. This, then, can
be interpreted to mean that the mechanism of incentive compatibility worked as expected.

Looking next at the trend of average bids in Figure 5, we see that the average bid
does not vary greatly over the ten rounds, although the plots differ depending on whether
feedback of the winning bid was given or not. In the case of public goods, due to the
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incentive to get a “free ride” in which “one hopes to receive the benefit of a public good
while paying as little as possible”, the average payment tends to fall further the later the
round, as verified by Andreoni (1988) [19] and Isaac and Walker (1991) [20]. Meanwhile,
in the present experiment, even though the publicness of “inundated for the sake of
flood control” was imparted to the target good (inundated rice), no statistically significant
difference was found (p = 0.49) between the first-round bid (JPY 1590) and the final-round
bid (JPY 1477). This suggests that the “free rider problem” is unlikely for rice, which is
essentially a private good, even when given a degree of publicness.

4.2. Presence or Absence of Market and Economic Value of Damaged Agricultural Products

Returning to Table 2, the auction participation status given in the top section shows
that 44 (94 percent) of the 47 subjects placed bids in the final round (10). In other words,
only three participants expressed their preference to “not make a purchase”, which verifies
that a market exists (i.e., they can be sold) for disaster-damaged agricultural products which
are currently being discarded. Asked to state their reasons for “prefer to not purchase”,
one subject stated that “it may have some remnant smell” (the reasons for the other two
are unknown).

The average final-round bids (second section of Table 2) were JPY 1578 when only
bidders are considered, and JPY 1477 when non-bidders are included. When asked about
the price of rice they usually purchase (same brand as the experiment target good), the
overall average was JPY 1890, which indicates that the subjects assessed the inundated rice
JPY 312–413 (17–22 percent) lower. Considering that the average production cost of rice in
Japan is JPY 1273, as announced by the Ministry of Agriculture, Forestry and Fisheries, it
can be said that there will be little profit for farmers.

A detailed comparison of this is presented in Table 3. Eleven (25 percent) of the
forty-four subjects assessed the inundated rice higher than the rice they usually purchase,
which indicates that they placed an added value for the reason that the rice “protected the
downstream areas in which they live from floods”, and thus placed bids with an average
premium of JPY 384. The remaining 33 subjects (75 percent) did not place such an added
value based on flood control, instead regarding the rice as merely inundated rice. Of these,
30 subjects (68 percent) placed bids that were on average JPY 651 lower than the currently
purchased rice, while 3 (7 percent) placed bids that were the same as their usual purchase
prices. Although they were not asked why they placed lower bids, they may have placed
bids from the standpoint of reducing food losses, thinking that “it was wasteful” since we
had explained beforehand that inundated rice is presently discarded.

Table 3. Comparison of price of rice usually purchased and placed bid.

Feedback of
Winning Bid No. Percentage Average

(JPY)
Standard
Deviation

Bid is higher

Given 8 32.0 487.5 404.5
Not given 3 15.8 106.7 68.0

Overall 11 25.0 383.6 386.0

Bid is lower
(JPY 0 of non-bidders

not included)

Given 15 60.0 −580.0 358.6
Not given 15 78.9 −688.0 792.4

Overall 30 68.2 −650.7 617.4

Bid is equal

Given 2 8.0 0.0 0.0
Not given 1 5.3 0.0 0.0

Overall 3 6.8 0.0 0.0
Note: the average price of rice usually purchased is JPY 1890 for entire group, JPY 1922 for group with feedback,
and JPY 1850 for group without feedback.

The above findings indicate that an agricultural product (rice) which has been inun-
dated in the context of “overflowing flood control” can be shipped and sold. However,
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either the national or local government should compensate the discounted value, or alterna-
tively, it should be sold only to those consumers who are willing to pay the same (market)
or premium prices. In the latter case, however, the market size (number of purchasers) will
be reduced to one-quarter so careful marketing will be needed. The quantitative analysis
presented in the following section should provide material for such an undertaking.

4.3. Feedback of Winning Bid

In conventional repeated round auctions, the usual practice has been to feed back the
winning bid along with the bidding results, based on the traditional concept that providing
market information is essential to allow the market to function correctly. However, based on
an experiment that compared two kinds of second-price auctions, Corrigan et al. (2012) [17]
pointed out that providing feedback of the winning bid made bidders place bids that
departed from the induced values, or true preferences.

In this study, therefore, we examine whether feedback about the winning bid also
affects performance in random nth-price auctions.

Comparing first the standard deviations in the first and second halves according to
the subject group, presented in the bottom section of Table 2, we see that the group without
feedback about the winning bid converges better, indicating that the auction is functioning
correctly. Moreover, Figure 5 shows that the average bid of the group with feedback is
higher throughout the ten rounds, and in particular increases from the earlier rounds to the
middle ones. This suggests the possibility that the subjects’ competitiveness was aroused
by providing feedback of the winning bid (particularly from the earlier to the middle
rounds, when their assessments were not yet settled). In the later rounds, it appears that
this competitiveness has settled down and corrections kick in, although the final average
bid is still JPY 455 higher than the group without feedback.

In the following section, we statistically examine the effect that the winning bid has
on the bid.

5. Quantitative Analysis
5.1. Assessment Factors of Inundated Rice

First, we estimated a multiple linear regression model to examine the determinants of
willingness to pay (WTP) for the inundated rice expressed by residents/consumers (Table 4,
full model). However, heterogeneity was observed.

The maximum likelihood method is used to deal with the heterogeneous problem.
The specification of the model is:

yi = Xiβ + εi ; σ2
i = exp(ziα)

where yi is the dependent variable measuring the WTP of the ith consumer; Xi is a (k × 1)
vector of observed explanatory variables; zi = (z1i, z2i, . . . , zmi) are the m variables that
model the variance function; β and α are (k × 1) and (m × 1) vectors of unknown parameters,
respectively; and εi is the random error term, which is assumed to be normally distributed
with mean 0 and variance σ2

i .
The final-round (10) bid is selected as the dependent variable. In model I (full model),

the explanatory variables consist of two pieces of information on the round 9 bid and the
subjects’ basic attributes. Crop characteristics (color, grain size, shape, etc.) could also be
considered factors in WTP, but since inundated rice has never been shipped before, we
did not have that data available. Model II consists of explanatory variables selected from
model I on a trial-and-error basis based on p-values, the condition number, and the Akaike
information criterion (AIC).

In model I, the adjusted R-squared is 0.73, indicating a relatively good fit, but the
condition number exceeds 51, which suggests serious multicollinearity. Furthermore, the
AIC, lower values of which indicate a good estimation model, is larger in model I. Therefore,
we adopt model II in the present study.
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Table 4. Multiple regression models for bids placed on inundated rice.

Model I (Full Model) Model II (Model Adopted)
Coefficient SE t p Coefficient SE z p

Winning bid feedback dummy 346.3 133.0 2.60 0.02 * 300.9 36.5 8.24 0.00 **
Winning bid—Placed bid (round 9) −0.9 0.2 −5.11 0.00 ** −1.0 0.1 −12.34 0.00 **
Price of usually purchased rice −0.2 0.1 −1.95 0.06
Tokyo (Katsushika) dummy 86.6 173.3 0.50 0.62
Assumed inundation area dummy −93.6 119.5 −0.78 0.44
Male dummy 251.5 129.3 1.95 0.06
Office worker dummy −190.2 126.9 −1.50 0.15
Self-employed or
business-owner dummy 558.7 249.7 2.24 0.03 * 407.7 199.5 2.04 0.04 *

Academic background (four ranks) −66.3 90.1 −0.74 0.47
Age −7.3 6.7 −1.10 0.28
Household income (eight categories) −5.8 35.9 −0.16 0.87
Household of two dummy 470.2 138.2 3.40 0.00 **
Multiple-dwelling complex dummy −39.7 139.8 −0.28 0.78
Owned house dummy 267.1 150.0 1.78 0.09 129.7 36.1 3.59 0.00 **
Inundation experience dummy −197.7 172.1 −1.15 0.26
Hazard map check dummy 242.9 143.0 1.70 0.10
Farmer relative or acquaintance
dummy 15.6 160.7 0.10 0.92

Flood insurance dummy 69.1 116.9 0.59 0.56
Preparedness against floods
(three ranks) 242.6 110.2 2.20 0.04 * 272.9 81.4 3.35 0.00 **

Intercept 1287.7 549.0 2.35 0.03 * 630.7 162.2 3.89 0.00 **
log σ2 Tokyo (Katsushika) dummy −4.2 0.6 −6.50 0.00 **

Intercept 11.6 0.2 51.27 0.00 **
Sample size 47 47

Adjusted R-squared 0.73 (log likelihood= −325.9)
Condition number 51.25 8.99

Akaike information criterion (AIC) 683.7 667.7

Notes: 1: Explained variable is round 10 (final) bid placed on inundated rice. 2: “Winning bid—Placed bid” is
the slope dummy that shows how high the winning bid was relative to the round 9 bid. 3: Household income is
divided into eight categories (0–7) from “less than JPY 2,000,000” to “JPY 14,000,000 and above”. 4: Preparedness
against floods is divided into three ranks: 0 for none; 1 for one measure; 2 for two or more measures taken.
5: * denotes estimated coefficient with a statistical significance level of 5 percent, and ** that of 1 percent.
6: A condition number greater than 15 indicates the possibility that the regression model in question possesses
strong multicollinearity. 7: Model II is a heteroskedastic linear regression model estimated by the maximum
likelihood method.

We examine the estimation results in reference to model II. The “winning bid feedback
dummy”, with “1” indicating the group which was given feedback of the winning bid in
round 9 and “0” the group without feedback, has a positive value and is significant at the
0.01 level (hereafter simply referred to as “significant”). Specifically, it can be interpreted
that providing feedback of the winning bid to the subjects raised the bid by JPY 301 ceteris
paribus. As the slope dummy for the winning bid, the coefficient of the variable of the
difference between the winning bid and the placed bid is a negative value (−1.0) and is
significant at the 0.01 level. The slope dummy has a negative sign because of the adjustment
to “lower the bid since it has become too high”, as noted in the previous section. During
the earlier rounds, when competitiveness was aroused, it would probably have taken on a
positive value.

These findings provide statistical confirmation that the information regarding the
winning bid affected the bid. The objective of having the bidders repeat the rounds is to
make them realize that “the best strategy is to place an honest bid.” Therefore, it is better to
not provide feedback on the winning bid, which internally affects the bid, to the auction
participants.

Meanwhile, the “price of rice usually purchased”, which was expected to affect the bid,
is not present in model II. One possible reason for this is that, even though it was explained
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to the subjects that the inundated rice was the same brand as the one usually purchased,
they perceived it as a separate good. This would imply that a careful explanation to
convince the subjects that the “inundated rice is a good which is an extension of the rice
usually purchased” may result in actual demand.

Furthermore, the “assumed inundation area dummy”, which was a condition for
sample extraction, is also absent in model II. Possible reasons for failing to display a
significant difference are that the sample size was too small to produce a noticeable effect
and perhaps that the inundation depth criteria of 0.5 m was inappropriate (too small).

Among the subjects’ individual, household, and residence attributes, the “self-employed
or business owner dummy”, and “owned house dummy”, remain in model II, all coef-
ficients of which are significantly positive. Since these variables indicate having spare
financial resources (financial resources that can be disposed of relatively freely) or the asset
size, it is understandable that they can raise the bid. Moreover, the absence of household
annual income (its correlation coefficient to the bid was 0.41), which is generally related to
willingness to pay, from model II may be because it was replaced by these dummy variables.

Regarding disaster awareness, the coefficient of “preparedness against floods” is
significantly positive. This result, that consumers with a higher awareness of disaster
mitigation give a higher assessment of inundated rice, is quite understandable. The reason
why the “inundation experience dummy” or “hazard map check dummy” is absent from
the model may be because they were replaced by this variable.

5.2. Assessment Factors of River Basin Flood Control

Finally, we quantitatively examine the attributes of residents who agree with the
concept of river basin flood control being promoted by the national government.

Table 5 shows the estimation results of the ordered probit model, where the dependent
variable is the extent to which one agrees with river basin flood control policies. Although
the degree of agreement was categorized into five ranks in the given questionnaire, the
frequencies of “undecided”, “moderately disagree”, and “disagree” were low, and so were
combined to make up three ranks in total (see Table 1 for frequencies).

The specification is:
y∗i = Xiβ + εi

where y∗i is a latent variable (i.e., unobserved) measuring the degree of agreement of the ith
resident; Xi is a (k × 1) vector of observed explanatory variables; β is a (k × 1) vector of
unknown parameters; and εi is the random error term, which is assumed to be normally
distributed with mean 0 and unit variance 1.

The observed and coded discrete agreement variable, yi, is determined from the model
as follows:

yi =1 if − ∞ < y∗i ≤ µ1 (disagree or moderately disagree or undecided),
yi =2 if µ1 <y∗i ≤µ2 (somewhat agree ),
yi =3 if µ2 <y∗i ≤ ∞ (agree).

where the threshold values µ1 (cut 1) and µ2 (cut 2) are unknown parameters to be estimated
by the maximum likelihood method.

Similar to the multiple regression model for inundated rice, model I employs all of
the subjects’ basic attributes as the explanatory variables, while model II employs those
variables that were selected by trial and error. Although the Pseudo R-squared is somewhat
lower, we apply model II since it has a smaller condition number and a lower AIC, and a
lower Akaike information criterion.

We examine the estimation results in reference to model II. First, the “Tokyo (Kat-
sushika) dummy” is significantly positive. This is because Nakagawa River, which runs
through Katsushika Ward, has repeatedly flooded in the past (for instance, the 1947 Typhoon
Kathleen) so the residents are well aware that flood control efforts based on conventional
infrastructure building are not adequate.



Agriculture 2024, 14, 814 12 of 14

Table 5. Ordered Probit models for agreement to river basin flood control.

Model I (Full Model) Model II (Model Adopted)

Coefficient SE z p Coefficient SE z p

Tokyo (Katsushika) dummy 3.12 0.91 3.44 0.00 ** 2.08 0.69 3.04 0.00 **
Assumed inundation area dummy −1.60 0.57 −2.83 0.01 ** −1.08 0.45 −2.42 0.02 *
Male dummy 2.45 0.70 3.48 0.00 ** 2.10 0.51 4.15 0.00 **
Office worker dummy 0.24 0.56 0.43 0.67
Self-employed or business-owner dummy −0.47 1.21 −0.39 0.70
Academic background (four ranks) −0.32 0.33 −0.98 0.33
Age 0.04 0.03 1.74 0.08
Household annual income (eight categories) 0.44 0.19 2.37 0.02 * 0.32 0.11 2.84 0.01 **
No. of household members 0.26 0.25 1.04 0.30
Multiple-dwelling complex dummy 0.65 0.55 1.19 0.23
Owned house dummy −0.24 0.61 −0.40 0.69
Inundation experience dummy 0.34 0.65 0.52 0.60
Hazard map check dummy −0.77 0.59 −1.30 0.19
Farmer relative or acquaintance dummy 1.39 0.71 1.94 0.05 1.50 0.56 2.67 0.01 **
Flood insurance dummy 0.06 0.45 0.13 0.89
Preparedness against floods (three ranks) −1.05 0.49 −2.14 0.03 * −0.95 0.42 −2.27 0.02 *

/cut1 0.56 1.83 −0.85 0.73
/cut2 2.98 1.90 1.17 0.73

Sample size 47 47
Pseudo R-squared 0.39 0.31
Condition number 38.53 10.78

Akaike information criterion (AIC) 95.86 83.59

Notes: 1: Dependent variable consists of 3 for “agree”, 2 for “agree somewhat”, and 1 for “undecided”, “moder-
ately disagree”, or “disagree”. 2: * denotes estimated coefficient with a statistical significance level of 5 percent,
and ** that of 1 percent.

Meanwhile, the “assumed inundation area dummy” coefficient is significant but
negative, contrary to expectations. The low assessment in high-risk inundation areas may
be because the residents facing risk in assumed inundation areas, other than Katsushika
Ward, are doubtful of the effectiveness of the river basin flood control measures. Or
they may feel that there is no need for interested parties in the basin to engage in flood
control jointly, because the Chiba side of Edogawa River has not experienced flooding for a
long time.

Among the individual and household attributes, the “male dummy” and “household
annual income” are significantly positive. Since households with higher incomes are likely
to possess greater assets, this can be interpreted to mean that those with assets that need
to be protected from floods tend to recognize the importance of flood control. The reason
why “owned house dummy” is not significant is perhaps because it was replaced by the
“household annual income”.

Among the attributes related to disaster experience or disaster mitigation awareness,
the “farmer relative or acquaintance dummy” is significantly positive, while “prepared-
ness against floods” is significantly negative. The reason for the former may be that, if
one personally knows a farmer, it is easier for that person to imagine the large effect of
“overflowing flood control”, in which the basin farmers cooperate. The latter displays a
reverse effect (sign of coefficient) to that found in the quantitative analysis of inundated
rice, which could be because the resident feels that one’s own preparedness against floods
is sufficient. Although recognizing the need to protect oneself is important, there are a
few scattered areas downstream of the Edogawa River with assumed inundation levels of
10–20 m. It may be necessary for the local governments to alarm such consumers who are
overconfident of their preparedness.
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6. Conclusions

Although “overflowing flood control”, in which agricultural land lying in river basins
is intentionally flooded, is attracting attention as an approach for river basin flood control,
there is no mechanism to compensate for the loss of cooperating farmers. In this study,
therefore, we examined the marketability and economic value of the inundated agricultural
product as a measure to compensate such farmers.

Specifically, we used a random nth-price auction, an experimental economic approach,
to measure the amount people are willing to pay for inundated rice targeting 47 residents
(consumers) living in the downstream areas of Edogawa River.

The results showed that many consumers were willing to pay an “average of JPY 1578
for 5 kg” of inundated rice, indicating clearly the possibility that it can be sold without
having to discard it. However, only one-quarter assessed an added value (average JPY 384)
as “rice that protected us from floods” while two-thirds expected an average discount of JPY
651. This suggests, as the marketing strategy for inundated rice, selling at a discounted price
to the general public, while the national or local government compensates the difference,
or alternatively, targeting only those consumers who are willing to pay a price equivalent
to rice they usually purchase or more.

In the latter case, the market will be smaller, so careful marketing will be necessary.
In order to obtain information useful for targeting potential buyers, we used a regression
model in which the willingness to pay is the explained variable, and found that being
economically well-off, house ownership, and being prepared for floods are factors that
increase the assessment.

Since inundated rice is currently discarded, it was assumed in this study that its
quality would remain constant. In addition, since there is no information on how much
productivity of agricultural land is lost due to flooding, it was not possible to calculate
the cost-effectiveness of watershed flood control in this study. Therefore, identifying such
information and its application to the analysis will await further research.

Furthermore, to contribute to consensus building among residents, we estimated an
ordered probit model in which the dependent variable is the “degree of agreement with
river basin flood control policies”. Results indicated that being a resident of Katsushika
Ward, which has been subjected to frequent floodings in the past, a male with high annual
income, and having a farmer relative or acquaintance, were factors of agreement. Mean-
while, being a resident of an assumed inundation area and being prepared for floods were
found to be negative factors. This shows that residents who face flood risks or have a high
awareness of disaster mitigation are skeptical of the effectiveness of the policies.

In the process of the repeated round auction conducted in this study, it was observed
that the subjects’ individual assessments (bids) gradually converged. This indicates that the
random nth-price auction possesses the mechanism to facilitate the participants’ learning of
incentive compatibility, and is thus valid for economically assessing agricultural products
damaged by disasters. Furthermore, providing feedback of the winning bid resulted in a
drastically increased bid, and the correlation was found to have statistical significance, so
that it is better not to provide feedback of the winning bid in a random nth-price auction.
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