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Abstract

Due to unreasonable pricing, farmers have low enthusiasm for reclaiming their homesteads,
which can be used to generate construction land quota. This paper studies how to design a
feasible pricing mechanism to stimulate the enthusiasm of farmers. First, we analyze the
practice that the local government gives the developers with quota the selection, the right to
select the location of the land to be auctioned. Then, applying sequential auction theory, we
propose first- and second-price sealed-bid sequential auction models and design quota auc-
tion pricing mechanisms. Through theoretical and numerical analysis, we obtain the equilib-
rium strategy and analyze the impact of selection and on developers’ bidding pricing on
quota. The results show that the selection can enhance the developer’s quota bidding price
and farmers’ income. And the higher the value of selection to the developer, the higher the
quota bidding price and farmer’s income. Contrarily, the larger the number of developers,
the smaller the quota bidding price and farmers’ income. Finally, the quota bidding price and
farmers’ income in the second-price sealed-bid sequential auction are higher than in the
first-price sealed-bid sequential auction.

Introduction

In order to ensure sufficient arable land for cultivating food, the Chinese central government
has implemented a construction land quota system to limit the amount of cultivated land
developed into construction land by local governments. Under this system, the central govern-
ment grants a certain number of construction land quotas to local governments every year as
planned, and each local government can only develop cultivated land within this specified
quota. With the rapid advancement of China’s urbanization process, the demand for cultivated
land development in cities has increased rapidly [1]. Although there are sufficient cultivated
land resources in various regions, the central government plans to allocate scarce quotas. This
can result in local governments having no right to develop arable land into construction land.
A large number of development projects can thus be delayed or even canceled, hindering the
progress of urbanization. At the same time, urbanization has attracted many people from rural
areas into the cities, resulting in rural homesteads being left idle and causing a wastage of rural
land resources.

To solve this problem, Chongqing, Chengdu, and other cities, as well as a large number of
domestic follow-up cities, have innovated the construction land quota system. Under this
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improved system, the local government encourages farmers to voluntarily withdraw from the
homestead, and professional companies dismantle the buildings on the idle homestead and
reclaim it (i.e., rural construction land) into cultivated land. Since the local government has
turned rural construction land into cultivated land, the same area of cultivated land in the city
can be developed into construction land [2-4]. In this manner, governments have obtained
supplementary construction land quotas in addition to those allocated by the central govern-
ment. In order to encourage farmers to reclaim, the local government sells the construction
land quotas generated by the reclamation to developers in need, and the subsequent income
belongs to the farmers.

Although the additional quotas of reclaimed construction land can alleviate the problem of
insufficient quotas of construction land, the local government adopts the cost plus pricing
method based on reclamation cost. This is unreasonable as the resulting price is too low,
which has affected farmers’ enthusiasm for reclamation. [5-8]. Such unreasonable pricing has
been pointed out by domestic scholars [9-13]. Xu [14] combined the two stages of quota pro-
duction and use, and tried to use the cost and surplus methods to build a quota price calcula-
tion model from the perspective of cost and income. The authors used the relevant data of
Dezhou City and Jimo City for empirical calculations. Meanwhile, Chen et al. [15] improved
the pricing method of Qiu and Qiu [16], taking the view that the transaction price of construc-
tion land quota should include the cost and market prices. Thus, they put forward the market-
oriented transaction price system. Wen and Zhang [17] argued that the price of construction
land quota should be the price of land for construction purposes. Feng et al. [18] and Liu et al.
[19] posit that because the construction land quota trading market is mainly controlled by the
local government rather than the market, its price hardly reveals the true value of the quota.
These studies point out that the quota price should include the use price, the market price, and
the price of land for construction. However, these studies have not yet fully understood the
true value of this construction land quota, and have failed to provide effective suggestions on
the pricing mechanism. The real value of the quota is manifested as that the undeveloped
urban farmland can be developed as construction land immediately. Therefore, the value of
the quota is an opportunity cost value, which is the developers’ private information. This study
holds that the sealed auction mechanism is one of the best ways to reveal the true value of the
construction land quota. According to the practice transaction of construction land quota,
only by having both quota and construction land can the land be developed. Therefore, it is
more reasonable to use the two-stage sequential sealed auction mechanism.

Sequential auction theory is applied in reality to reveal the rationality of the real value of
goods [20-24]. Milgrom [25] solved the transaction pricing problem of radio spectrum in the
United States by determining the true value of radio spectrum through the participation of
bidders in the auction. De Silva et al. [26] applied the auction to the construction contract, and
also considered the synergy between the projects. Finally, they argued that winners of early
auctions are more likely to participate in later auctions. The authors provide evidence to sup-
port this prediction through continuous building auctions conducted by the Oklahoma
Department of Transportation. Branco [27] and adopted two-stage sequential auctions, and
believed that there was no fierce competition in the first stage, which created an advantage for
the second stage auction and thus reduced the expected price. The latter, however, Menezes
and Monteiro [28] came to the opposite conclusion that expected prices rose instead of falling.
Leutkens and Peeters [29] compared the two sequential auction forms in the case of two bid-
ders and believed that the first-price sealed-bid sequential auction was superior to the second-
price sealed-bid auction. Leufkens et al. [30] also compared two sequential auctions with three
different scales of synergies in the case of four bidders through a series of experimental meth-
ods. The authors believed that the first-price sealed-bid sequential auction with small and
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medium-sized synergies in regular procurement auctions was superior to the second-price
sealed-bid sequential auction; however, when the synergies were very large, the two sequential
auctions were very similar. These above studies have carried out in-depth examinations on
sequential auction and compared the differences between the first- and second-price sealed-
bid sequential auction. However, there are few studies on the application of sequential auction
method to the quota pricing mechanism.

Considering the practice that the local government gives the developers with quota the
selection, the right to choose land to be auctioned. It is believed that the value of the construc-
tion land selected by developers is reflected by whether they have the right to select [31]. Wang
and Yang [32] think that the construction land quota contains selection prices and that it is
associated with the degree of selection prices and the economy’s development: developers in
more developed regions are willing to pay higher prices for selection. Meanwhile, Wu [33]
believes that the selection saves the time value of the development of construction land, and
realizes the combination of the owner of the quota and the user of the construction land. This
is also the main reason why Liu et al. [34] believes that there is a time lag and low efficiency in
the dispersion of urbanization in China. Lu [35] defined the income obtained from the quota
selection of construction land as the selection income. The author constructed a mathematical
model of the developers’ participation quota and land auction and studied the existing prob-
lems in the construction land quota system. These studies highlight the importance of con-
struction land quota selection for quota pricing. However, they have not made relevant
research on how to price quotas when they have the right of select, and how the right of select
affects the pricing of quotas.

In order to solve the problem caused by the insufficient construction land quota allocated
by the central government, local governments encourage farmers to reclaim their idle home-
steads to generate additional construction land quotas and sell them to developers in need.
Consequently, to boost farmers’ enthusiasm for reclamation, the government uses auctions to
sell the reclaimed construction land quota. At the same time, to increase the value of this indi-
cator to developers, as well as the developer’s quotation, the local government gives the right of
selecting the location of the land to be auctioned to the developer who has bought construction
land quota from the government. In other words, the developer can select the land that best
meets its needs from among the multiple the multiple alternative land provided by the govern-
ment the multiple alternative land, and thereafter participate in its auction.

The remainder of this study is organized as follows. Section 2 introduces the problem and
variables. Section 3 obtains and analyses the equilibrium solutions. Section 4 presents the
numerical analysis to further verify the model and proposition. Section 5 presents the conclu-
sions and policy suggestions.

Problem and variables
Problem

In order to solve the problem caused by the insufficient construction land quota allocated by
the central government, local governments encourage farmers to reclaim their idle homesteads
to generate additional construction land quotas and sell them to developers in need. Conse-
quently, to boost farmers’ enthusiasm for reclamation, the government uses auctions to sell the
reclaimed construction land quota. At the same time, to increase the value of this indicator to
developers, as well as the developer’s quotation, the local government gives the right of select-
ing the location of the land to be auctioned to the developer who has bought construction land
quota from the government. In other words, the developer can select the land that best meets
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its needs from among the multiple the multiple alternative land provided by the government
the multiple alternative land, and thereafter participate in its auction.

A local government is preparing to auction a piece of urban construction land. However, it
lacks a quota for construction land. Therefore, the government encourages farmers to volun-
tarily reclaim the rural vacant homesteads into cultivated land to produce the construction
land quota and through the sealed auction method to sell to the need of developers. Mean-
while, the government stipulates that the developer who has obtained the quota in the first-
stage auction has the selection to select the intended plot as the construction land in the sec-
ond-stage auction, within the scope of urban planning and general land use planning. Then
the government holds a second auction to sell the selected construction land to developers
who also participated in the first auction. Moreover, the project can only be developed when
the developer is able to acquire the construction land quota and the construction land
simultaneously.

Obviously, the value of the right of select is mainly reflected in the select of the expected
construction land [36]. Because the developer who wins the construction land quota can select
the prospective land. On the contrary, the developer who fails to win the quota cannot select
the prospective land. Therefore, developers who fail to win the quota value the land to be auc-
tioned at a lower price than before. The main reason for the lower than the original evaluation
is that the matching degree of the land is reduced. The higher the mismatch degree, the greater
the degree of land discount, and the greater the value of the selection for developers. Thus, all
developers are willing to pay a higher price for the construction land quota.

Variables

According to China’s construction land quota system, the government can sell the construc-
tion land quota and construction land by auction. The developer who wins the construction
land quota by auction has the right to choose the construction land. The use of the selection
improvers the match between the land chosen by the developer and the construction land
expected to be developed; that is, the developer can obtain higher utility [37]. Therefore, we
establish a sequential auction model for construction land quota and construction land based
on the Hedonic utility theory. The basic assumptions and auction process are as follows:

a. Assume that the risk-neutral seller (the Chinese government) sells two items by holding
two successive auctions. The first (second) stage is the construction land quota (construc-
tion land) auction. Furthermore, the construction land quota and the construction land
value are not correlated.

b. Assume that the total number of bidders is #. Bidder i€{1,2,. . .,n} has a utility function u:
R,—R, which satisfies u(0) = 0,u’>0,u"<0.Each bidder pursues utility maximization and
has independent private value. One may assume that bidder i’s valuation of the construc-
tion land quota is v;; and that of the construction land is v,;. These independently obey the
uniform distribution on [0,e] and [0,1] respectively, where £<1, the distribution function is
Fi(-), and the density function is f;(-).

c. nrisk-neutral bidders participate in the two stages of auction simultaneously and succes-
sively. The winner in the first stage holds the construction land quota, and can choose the
land in line with the urban, rural, and land planning as the land for their own construction
project. Furthermore, they can participate in the second stage of commodity auction.
Therefore, the loser F in the first stage has a land depreciation coefficient r; K € [0,1] for

the construction land. The land depreciation coefficient TLp 18 due to the existence of the
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quota selection of the construction land. This makes the construction land auctioned in the
second stage less matched with the construction land expected to be developed by the devel-
oper without selection. Therefore, land depreciation occurs. The smaller TLr, 15, the lower

the degree of matching between the construction land auctioned in the second stage and
the construction land expected to be developed by the loser in the first stage. Furthermore,
the higher the land depreciation will be for the developers who have no selection. Therefore,
all developers are more willing to obtain the selection to obtain the competitive advantage
in the second stage. Further, assume that the willingness to pay for the loser in the first stage
IS Vop = 715 Vap- The willingness to pay v, for the winner of the first stage of obtaining con-

struction land remains unchanged. Finally, the winner with the highest bid in each stage
wins the goods in this stage.

Table 1 summarizes the parameter symbols and meanings involved in this model.

Equilibrium solutions
Equilibrium bidding price of the first-price sealed-bid sequential auction

The reverse recursion method is used to solve the developers’ balanced quotation strategy for
construction land quotas and construction land in the first-price sequential auction. Then,
Proposition 1 is obtained as follows:

Proposition 1. For the first-price sealed-bid sequential auction format, the developers’
equilibrium biding strategies in the two stages are as follows:

n—1
ﬂlli(vli) = Tvli + AI("L,P]»)

1 n—1 .
ﬂgpj(ij) = TrL.FjVZFj7] =1,2,...,n-1

where, AI(rL‘FJ) =3+(1- rLﬂz), 0<r,<L

Table 1. Summary of parameter symbols and meanings.

Symbols for meaning
quantities

i The developer i = 1,2,. . .,n represents n bidders.

L The winner of the first auction is the developer with the selection.

F The losers in the first stage auction are the developers who have no selection.

Vi The developer’s valuation of the construction land quota in the first stage auction.
Vai The developer’s valuation of the construction land in the second stage auction.
g Coefficient of land depreciation.

A(rp) Avoid land depreciation caused by the loss of the right to choose and the reduction of the
degree of matching of construction land.

b; Quotation from the developer.

The upper limit of valuation of construction land quotas.

B The first-price sealed-bid sequential auction under the developer equilibrium bid.
i The second-price sealed-bid sequential auction under the developer equilibrium bid.
E(R) Expected income of construction land quota, namely the amount of farmers’ compensation.

https://doi.org/10.1371/journal.pone.0263075.t001
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Proof: Consider the second stage of the first-price sequential auction. The construction
land quote is unrelated to the value of the land. Therefore, the quotation of the second stage
does not depend on the transaction price of the first stage, but only depends on the bidder’s
value. Suppose there is an equilibrium in the second-stage auction, where the bidder pays the
price b,; and the bidder of type S = {L,F},F,,. . .,F,._} uses strategy 5. Further assume that g is
an increasing and differentiable function with an inverse function ¢g = By Obviously, there

is ,(0) = [)’FJ(O) =0,j=12,..,n-1. Then, wecansay b = f,(1) = ﬂpj(l),which represents

the highest bid jointly submitted by the bidders. If the risk is neutral and the utility function is
linear, the winner L in the first stage obtains the net utility u(b;) = v,—b; from the construction
land. Then, the utility function of bidder L is:

UzL(sz) = (V2L - bzl‘)bglil (1)

Take the partial derivative of the utility function to obtain the first-order condition:

ou.
= _buni] + (Vg — by ) (1 — 1)b2Ln72 (2)
ob,,

Utility maximization makes the first partial derivative zero to obtain the following:
by, =——v 3
2L n 2L ( )

Similarly, we find that the net utility of the construction land obtained by the loser F; in the
first stage bidding is u(bQFj) =TLpVor, — bzpj , and the utility function of the bidder F; is:

UQFJ (bmvj) = (rL,FjVZFj - b2pj)b2Fj"71 (4)

Take the partial derivative of the utility function to obtain the first-order condition:

U,
db,,

= _ijni] + ("L@"zz:j - bQFj)(n - 1)b2an72 (5)

Utility maximization makes the first partial derivative zero to obtain the following:

n—1

szj = a TLEYor, (6)

Thus, we have shown above that by; = b(v,;) is only necessary to obtain the maximum value
of utility. Now, we prove that we have sufficient conditions. According to Eqs (3) and (6), we

get:
V-
Vor — sz = f (7)
TLrVarL
rL,FjVZFj - bzpj = ;1 (8)
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Putting Eqs (7) and (8) into the right-hand side of Eqs (2) and (5), and rearranging, we get:
ou,, mn-—1

ab,, = (T Vor — sz)b;ZZ )
OU,y, n—1
317—251 = (T TLEVor, — bQFf)bZFjth (10)

Uy

When b,, < *=1v,, .

> 0. Thatis by, > v, Zgﬂ < 0. Thus, b,, = "1v,, isasufficient

condition for the ﬁrst stage winner to get the maximum. Similarly, b,, = =, £, Var, is a suffi-

cient condition for the first stage loser to obtain a maximum. In summary, the second stage
bidding strategy of developer L who won the construction land quota in the first stage is

B, (v,) = "L v,,. The bidding strategy in the second stage of developer F;, who did not win the
construction land quota in the first stage, is [%Fj (VQFj ) ="1r, P Var

In the first stage auction, the expected surplus in advance of the second stage auction
depends on the result of the first stage auction. At this point, it is 1. That is, the payment value
of the developer who has obtained the construction land quota in the first stage includes not
only the actual value of the quota but also the selection value. The latter is reflected in the dif-
ference between the expected residual before the auction in the second stage between the
developer who has and has not obtained the quota. Therefore, the bidding strategy of the first
stage developer is as follows:

-1

ﬁii(vi) = vy + AI(rL,Fj) (11)

As v,,€[0,1], the expected utility in advance of developer L, who won the construction land
in the first stage, in the second stage auction is as follows:

E[U;, (v,)] = / (v = Bor)(n — 1)VZ;2dV2LdV2F

Bar>Por

/(VQL Bo)(n = 1)v,," QdVZLdVZF

Por>Por

n—1
= / (VQL - TV‘ZL)(n - 1)V2F”72dv2Ldv2F

VoL >"L.Fj VaF

VzL
1 1
"L 5L 1) n,gd + d i ( _ 1) n72d
VoL VzL Vor Var VoL Vor (1 Vor Vor
0 g o n

- 1— 2
n(n+1) LF +2 ( rLAFj)

The developer F without selection can encounter the following two situations in the bidding of
the construction land in the second stage: First, the developer without selection bids higher than
the highest bid (the second highest) and the developer with selection bids (the third highest) the
highest of the other n—2 developers without selection. Second, the developer with no selection
outbids the developer with the selection (the second highest) and the highest bid of the other n-2
developers with no selection (the third highest). Let v, and 3, represent the maximum valua-

tion and maximum equilibrium quotation among n—2 developers without selection, respectively,
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except developer F who loses the construction land auction in the second stage. Thus, the
expected utility in advance of developer F, who did not win in the first stage, for winning the con-
struction land auction in the second stage can be obtained as follows:
E[Us(vy)] = fff (rL1P}V2F = Bop)(n — 2)V2Fn_3dV2LdV2FdV2F2
Bop>max{Bor.or, }
n—1

= fff (1L g Vop — =1L Vop) (1 — 2)vop" vy dvopdv,,
W2F>maX{V2L-rL.FjV2F2} " n Y ?

VL
TLE: 1
j 7. 1
— L,F; n—3
= / dV:)L/vL deF/ / ;rL,FjVZF(n - 2)V2F dV2F2
0 —_— 0

.
LE

1 1 TLEV2Fy ]
n—3
+ / dV2F2 / Avap / ErLFjVZF(n = 2)vy" vy,
0 VaF, 0
1

2

Thus, according to AI(rL,Fj) = E[U}, (vy;)] — E[Uj;(vy;)], we can calculate that:

L=, (12)

AI(TL,FJ-) = m

When "R = 1, we have AI(rL.Fj) =0.
Q.E.D.

Equilibrium bidding price of the second-price sealed-bid sequential auction

The reverse recursion method is used to solve the developers’ balanced quotation strategy for
construction land quotas and construction land in second-price sealed-bid sequential auction.
Subsequently, the following proposition 2 is obtained:

Proposition 2. For second-price sealed-bid sequential auction format, the developers’
equilibrium bidding strategies in the two stages are as follows:

ﬁﬁ(vz) =vu+ AH(rL.Fj)

ﬁ; (Var) = vy

i1 .
ﬁ2Fj (sz) = TLpVarp] = 1,2,...,n-1
2n n

11 — —
where, A"(r, ;) =%2r, 2 —2tr  +5,0 <71, <1

Proof: Consider the second stage of the auction. Consistent with the first-price sequential
auction solution method, the utility function of winner L in the second-price sequential auc-

1
tion can be obtained as U, = / (vy, — by, )d(b,;)"". Then, we derive the partial derivative of
0

the utility function to obtain the first-order condition:

ou. _
abQL = (VZL - sz)(Vl - 1)b;L2 (13)
2L
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Utility maximization makes the first partial derivative zero to obtain the following:

by, = vy (14)

Similarly, the utility function of loser F; is

U,

J

1
= / (rL,FjVQFJ - bQFj)d(bZFj)"fl,j =1,2,...,n — 1. The utility is maximized by setting the
0

first partial derivative to zero and we obtain:
bQFJ = "L Vor, (15)

Similar to the first-price sealed-bid sequential auction proof, we easily prove that it satisfies
sufficient conditions. In conclusion, in the second stage, the bidding strategy of the developer
who won the construction land quota in the first stage is 5,; = v;. Correspondingly, developers
who did not win the construction land quota in the first stage had a bidding strategy
ﬁ %F rL,Fj V?Fj'

Now consider the first stage strategy. Each bidder’s expected surplus in the second stage
auction depends on the outcome of the first stage. Therefore, the value of the bidder in the first
stage auction is the value of the first item plus parameter A"(rLAFj ). This represents the value of
the selection that can be obtained by entering the second stage auction as the winner compared
with the loser in the first stage; that is, the difference of the pre-expected residual
AH(rL‘Fj ) = AE(U,). Since A" (r, 5 ) is the same for both bidders in the first-stage auction, the
first-stage auction is symmetric. Therefore, we can easily prove that the Nash equilibrium
strategy in the first-stage auction is:

ﬁli(vli) =v;+ AH(”L‘FJ) (16)

According to v,;€[0,1], the expected utility in advance of the winning developer L in the
first stage to continue in the construction land auction in the second stage can be calculated as
follows:

E[Uy (v)] = / (v, = Bop) (= 1)vo" vy, dv,,

Bar=Par
— n—2
= / (Vo — rL‘FjVZF)(n = D)y 2dvy, dv,,
szZrL,Fj Vo
VoL
TLF; P ! !
_ QJ TL‘F- n—2d d n—Qd
= vy, ' J(VZL - rL‘,F,»Vzp)(” - 1)V2F Vop + Vor (V2L - rL,FjVQF)(n - 1)V2F Vor
0 0 : LR 0
]
n—1 , n—1 n 1
=7 ——1,, =
2(n+1) L LE "9

There are two situations in which the developer F, who has no selection, auctions the con-
struction land in the second stage, which is similar to the first-price sealed-bid sequential auc-
tion. In the second stage, the expected utility of the developers who did not win the first stage

PLOS ONE | https://doi.org/10.1371/journal.pone.0263075 January 25, 2022 9/25


https://doi.org/10.1371/journal.pone.0263075

PLOS ONE Construction land quota auction based on selection

construction land auction is as follows:

E[UQF(V;)] - fff (ﬁzp - max{ﬁﬂ? ﬁ2F2})(” - 2)V2F2n73dv2Ldv2FdV2F2

Bop>max{Bor Bor, }

= fff (rL,FjV2F — max{vy, TLEVor, Hn— 2)V2F2ﬂ73dv2LdV2FdV2F2

TLF;V2F >max{vyr TLF;V2Fy }

Yar

TLF; 1
5 ’
— L,F, n—3
= / dVQL%/M deF/ ! (rL‘FjV2F — vy )(n — 2)V2F2 Ay,
0 — 0

"
LE
1 1 7L‘F:7.V2F2 X
-
+ / Ao, / dVyp / (rL,FjVQF - rV2F2)(” - 2)V2F2 dvy,
0 VaF, 0
1

n(n+1) "5

According to A"(rmj) = E[Uj (v;)] — E[Uj.(v,)], we get:

n—2 , n—1 1
2n

A" (rL,Fj) =

When r, . = 1, we have AH(rL,Fj) =0.
QED.

Farmers’ expected income

Proposition 3. For the first- and second-price sealed-bid sequential auction format, farm-
ers’ expected income is:

n—1
E[R'] = H—He"“ + AI(rLVFj)e"
i n—1 ., i n
E[R ] = mg + A (rL_Fj)S

Proof: In a first-price sealed-bid sequential auction, the winner pays his or her bid. There-
fore, the expected payoft for the bidder with the value of v,; in the first stage of paying m(v,) is

E[m(v,)] = / m(v,,)(n — 1)f"*(v,,)dv,;. There are three ways in which developers win, as
0

shown in Table 2:

From Table 2, we find that the developer wins the auction in three cases: First, when
developer i obtains both the construction land quota and the construction land, the win-
ning developer’s quotation in the first stage is greater than the maximum quotation of n

Table 2. Developers winning and paying prices for the first-price format.

Wins for developers Stage 1 Stage 1 Payment
construction land quota and construction land Bi>Bir ly + A (r)
n JFj
construction land quota BiL>Pir =y + A (r)
n .l
construction land Bi<Bir 0

https://doi.org/10.1371/journal.pone.0263075.t1002
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—1 losing developers. Furthermore, the winning developer’s quotation in the second stage
is also greater than the maximum quotation of #n—1 losing developers. In this case, the
price paid by the winning developer for the construction land quota is the quotation. Sec-
ond, when developer i only obtains the quota of construction land, the winning develop-
er’s quotation in the first stage is greater than the maximum quotation of n—1 losers.
Furthermore, the winning developer’s quotation in the second stage is less than the maxi-
mum quotation of n—1 losers. In this case, the price paid by the winning developer for the
quota of construction land is the quotation. Third, when developer i only obtains con-
struction land, the winning developer’s quotation in the first stage is less than the maxi-
mum quotation of n—1 losers. Furthermore, the maximum quotation of the losing
developer in the second stage is greater than the winning developer and other n—-2 losing
developers. In this case, the price paid by the developer for construction land is zero.
Therefore, the expected income of the quota auction of construction land in the first stage
can be calculated. That is, farmers’ expected income E[R'] (the superscript I represents the
first-price sealed-bid sequential auction) is the sum of the expected payment in advance of
all bidders in the first stage. Thus:

£ ViL TLF. _ 1
E[RI] = n/ dVlL (” - 1)1’?;26”117 J deL/rL'Fj (n Vip + AI(rL.Fj))(” - 1)V;;2dV2F
0 0 n )

€ viL ) 1 1 n—1
+ n/ dvlL/ (” - 1)V¥;Zdvlp/ dV2L/ (T Vir + AI(TL,FJ-))(n - 1)V;;2dV2F
0 0 r 0 1 (18)
£ ViL ’L,Fj n—1
+ n/ dVlL/ (” - 1)V71;2dV1F/ dV?L/VZL (T"u + AI(TL‘F}-))(n - 1)1’;;2d1’2p
0 0 0

Similarly, in sequential bivalent auction, there are three winning situations for developers,
as shown in Table 3:

From Table 3, we find that there are also three situations in which the developer auctions:
1) both the construction land quota and the construction land, 2) only the construction land
quota and the construction land quota, and 3) only the construction land. For the specific situ-
ation, refer to the analysis in Table 2 of the first-price sealed-bid sequential auction. Therefore,
the expected income obtained from the quota auction of construction land in the first stage
can be calculated, that is, farmers’ expected income under the second sequential auction of
price. The expected return E[R"] (superscript II represents the auction of the second-price
sealed-bid sequential auction) of the construction land obtained by farmers is the sum of the

Table 3. Developers winning and paying prices for the second-price format.

Wins for developers Stage 1 Stage 1 Payment
Construction land quota and construction land Br>Phr Vi + A“(rL 5)
]
Construction land quota Bi>Bir vig + A" (r,;)
]
Construction land Prir<pBir 0

https://doi.org/10.1371/journal.pone.0263075.1003
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expected payment in advance of all bidders in the first stage. Thus:
V?L
€ ViL
E[R"] = ”/ dV1L/ (n—1) VledvlF/ d"u/ H(vip + AII(rLF))( 1)voe2dvy
0 0

€ ViL
+ ”/ dVlL/ (n—1) V1F2dV1F/ dVZL/ Vip T AH rLF ) (n = 1)y 2dv,,
0 0

€ ViL
+ ”/ dVlL/ (n—1) VledvlF/ dVZL/VQL vip + A rLF))( D)vodvyy
0 0

r
LF;

(19)

n—

= —n n 18”+1 + AH(}’L‘Fj)gn

Q.E.D.

Equilibrium solution analysis

The equilibrium solution of construction land quota and the farmers’ expected income under
the first- and second-price sealed-bid sequential auctions is summarized in Table 4:

According to Table 4, due to the existence of selection, all developers enter the second-
stage construction land auction with and without selection. This induces a difference in
expected income, thus improving the independent value of the first-stage construction
land quota, namely the selection value. We find that the selection value of construction
land quota can improve the quota equilibrium quotation and achieve the purpose of
increasing farmers’ expected income. In addition, we find that the number of developers
participating in the auction will affect the quota and the balanced quotation of construc-
tion land. Numerous studies have also analyzed and discussed the number of developers
[38-41]. Therefore, we posit:

Proposition 4. The selection improves the developers’ equilibrium bidding price and
farmers’ expected income.

Proof: First, we prove that the selection improves the construction land quota balanced quota-
tion. Under the first-price sealed-bid sequential auction, according to Eq (11), the quota

Table 4. Developers’ equilibrium bidding price and farmers’ expected income.

Auction type

First-price sealed-bid sequential auction

Second-price sealed-bid sequential
auction

https://doi.org/10.1371/journal.pone.0263075.1004

First-stage equilibrium bidding price A Second-stage equilibrium bidding Expected income
price
Quality selection BL(vy) ="y, + Al(’:__p]) B (v,) = n—1 vy et A'(r“, )e"
P 2L =
Al(rl,.Fj) = 217(1 - rI,.FJZ) "
; n—1
ﬁQFJ (VQJ) =~ TLEVar
No quality ﬁi (vi) = %Vli ﬁi, (va) =2 vy, %snﬂ
selection A(r,,)=0
L, F -
Quality selection [3 (le) =v;+ A"( q) ﬁz,(vu) =Vy :ﬁgml + A"("Lr )e
mey -1 1
A(r)=22r 0 = s Ty [f: (vy) = TLEVar,
Nolqu'ality ﬁﬁ(vu) = Vi ﬁ:(VZi) =Yy :Tjgnﬂ
selection An(r”]) -0
A(ryp) =0
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equilibrium quotation considering that the condition that there is no selection and when r; =1
is:
n—1

,Bf (v;) = Vi (20)

n

Subtracting Eq (11) from Eq (20), we get AB,(v,) = By, (v,) — Bii(v,) = AI(rL.F}_).

Because 0 < r; ; < 1and n>2, we get AI(rL‘Fj) =5-(1— rL‘F]?) > 0 according to Eq (12).
Similarly, according to Eq (16), under the second-price sealed-bid sequential auction, the equi-
librium quotation for the construction land quota when the developer has no selection is
ﬁ?(vi) = v,. Then, we can obtain AB}.(v,) = AH(rL'Fj ) > 0 by subtraction. Therefore, no matter
the first- or the second-price sealed-bid sequential auction, the selection will improve the first-
stage developer’s equilibrium bid for the construction land quota.

Next, we show that the selection increases farmers’ expected income. In the case of the first-

price sealed-bid sequential auction, in Eq (18), we set ry = 1to obtain the farmer’s expected

income without selection:

n—1

E'[R] = —

8n+1 (21)

Subtracting Eq (21) from Eq (18), we get AE[R'] = E[R'] — E*[R'] = (1 — rLFjQ)s” > 0.
Similarly, if rop = 1is used in Eq (19), the expected income of farmers under the second-price

sealed-bid sequential auction is E*[R"] = 2= &"*'. Then, we can obtain AE[R"] = (%21, .* —
"

=l TLe 3)" > 0 by subtracting the formula. This proves that the selection increases farmers’

expected income in the case of the second-price sealed-bid sequential auction. Further, when
LR = 1, E*[R] = E*[RY]. Then, the income equivalence theorem is satisfied. However, when

L, #1,F [R] #E* [R"]. Then the income equivalence theorem is not valid; that is, the selec-

tion of construction land quota leads to the failure of the income equivalence theorem.

Q.E.D. Proposition 4 shows that no matter the first- or second-price sealed-bid sequential
auction, the selection can improve the equilibrium price of the developer on the construction
land quota and farmers’ expected income. Therefore, developers can achieve the right to
choose the expected construction land by obtaining the construction land quota to reduce the
degree of matching of the construction land in the second stage for developers who do not
have the right to choose. Furthermore, they can obtain the bidding advantage in the second
stage. For farmers, the hope is that the government can grant the construction land quota
selection to improve their expected income. With regard to the government, it can give the
right to use construction land quota selection. Furthermore, in the second stage, it should
divide the developers participating in the auction into the selection and no selection classes.
Intensify competition between construction land bidding stage developers to improve the
equilibrium bidding of construction land quota, raising farmers’ expected return, encouraging
the enthusiasm of farmers reclamation, realize the reuse of a large number of idle homesteads
in rural areas, and reallocating land resources is of great significance for promoting new
urbanization in China.

Proposition 5. The greater the value of the selection to the developer, the higher the equi-
librium price of the construction land quota and farmers’ expected income.

Proof: First, we prove the relationship between the value of the selection and the equilib-
rium quotation of the construction land: that is, we prove that the land depreciation coefficient
TLr 18 negatively correlated with the equilibrium quotation of the land. In the first- and
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second-price sealed-bid sequential auctions, the partial derivatives of Eqs (11) and (16) against

o . o, Ly optl _ -
the land depreciation coefficient r, , canare .-1- = —~ < Qand ;- =22, — =1
L 0r“.j n oy g n " LF; n

<=l (rL’Fj — 1) <0, respectively. Therefore, whether it is the first- or the second-price sealed-

bid sequential auction, there is a negative correlation between the land devaluation coefficient
and the balanced quotation of construction land quota. That is, with a decrease in TLEp fora

greater degree of construction land devaluation for the developers who have no right of selec-
tion, they will improve the balanced quotation of the quota to obtain the right of selection of
the quota. This is because the smaller TLr, 1S, the lower the degree of matching between the con-

struction land auctioned in the second stage and the expected construction land of the devel-
oper without selection, and the lower the applicability of the project to be developed by the
developer. Therefore, the developer is willing to pay a higher equilibrium price for the quota
selection.

Then, we prove the relationship between the value of the selection and the balanced quota-
tion of the construction land quota. That is, we prove that the land depreciation coefficient L,

is negatively correlated with farmers’ expected income. According to Eqs (18) and (19),
TLp, € [0, 1], and n>2, we can find that the first order partial derivatives of farmers’ expected

income to land depreciation coefficient under the first- and second-price sealed-bid sequential

. OERT 1. OER"] 2 _ n=1\an < n—1 _ n
auctions are Iy = nE T < 0and e (= T e )e" < (rLFj 1)e" < 0, respec-

tively. Thus, we prove that whether it is the first- or second-price sealed-bid sequential auction,
the greater the value of the selection to the developer, the higher the farmers’ expected income.

Q.E.D. Proposition 5 shows that the greater the value of the selection to the developer—that
is, the smaller the land depreciation coefficient-farmers can get higher expected income. A
smaller coefficient means that the degree of matching between the construction land and the
land expected by the developer without the selection is lower, and the degree of depreciation
of the selected construction land to the developer without the selection is higher. Therefore,
for the developers who have the right to choose, the selected construction land is the expected
construction land of the proposed development project. This increases the degree of deprecia-
tion of the construction land to the developers who have no right to choose and improves their
bidding advantages. For farmers, the higher the balanced price of construction land, the higher
the expected income. For the government, it is necessary to expand the scope of alternative
construction land to increase the matching difference between construction land and develop-
ers, thereby further intensifying the competition among developers. This will help improve the
balanced quotation of construction land quota, increase farmers’ income, effectively dispose of
and make full use of idle land, standardize land market behavior, and promote the purpose of
saving and intensive land use.

Proposition 6. The developer’s equilibrium bidding price and farmers’ expected income
are always higher in the second-price sealed-bid sequential auction than in the first-price
sealed-bid sequential auction.

Proof: First, we prove that the equilibrium quotation of the construction land quota is
always higher in the second-price sealed-bid sequential auction than that under the first-price
sealed-bid sequential auction. Let A"f3,, = [31_ — ﬁfl denote the difference between the develop-

er’s equilibrium quotations for construction land quotas under these two types of auctions.
From Eqs (11) and (16), we can show that A*f3;;<0. That is, the developer’s equilibrium price
for construction land quotas is lower under the first-price sealed-bid sequential auction than
that under the second-price sealed-bid sequential auction.
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Next, we prove that farmers’ expected income is always higher under the second-price
sealed-bid sequential auction than under the first-price sealed-bid sequential auction. Let A*E
[R] = E[R']-E[R"] denote the difference between the farmers’ expected income under these
two types of auctions. From Eqs (18) and (19), we can show that A*E[R]<0. That is, farmers’
expected income is higher under the second-price sealed-bid sequential auction than under
the first-price sealed-bid sequential auction.

Q.E.D. Proposition 6 shows that the developer’s equilibrium quotation for construction
land quotas and the farmers’ expected income are always higher under the second-price
sealed-bid sequential auction than in the first-price one. Therefore, for farmers, the hope is
that the government will auction construction land quotas and construction land through the
second-price sealed-bid sequential auction, to obtain higher expected returns. For the govern-
ment, providing the function of selecting the right of construction land quota and choosing
the second-price sealed-bid sequential auction can increase the equilibrium bidding price of
the construction land quota and farmers’ expected income. The allocation of land provides a
theoretical basis for promoting the overall development of China’s urban and rural areas, opti-
mizing the structure of urban and rural land use, and improving the rural land transfer
system.

Proposition 7. The number of developers is negatively correlated with the equilibrium
bidding price of construction land quotas and farmers’ expected income.

Proof: First, we prove the negative correlation between the number of developers and the
equilibrium quotation of construction land quotas. Under the first-price sealed-bid sequential
auction, according to Eqs (11) and (12), the first-order partial derivative of the equilibrium
quotation of construction land quota with respect to the number of developers is

apL (v, vi—n(l-rp, ‘2) - .. . .
?ﬁg: ) — M < “=% < 0. Similarly, according to Eqs (16) and (17), the first-order partial
derivative of the equilibrium quotation under the second-price sealed-bid sequential auction

with respect to the number of developers participating in the auction can be obtained as

apL (v, (n=2)rp p. .
% =—0 el Ll (rL‘Fj — 1) < 0. Thus, under both auctions, the number of develop-

ers is negatively correlated with the equilibrium quotation of the quota.

Then, we prove the negative correlation between the number of developers and farmers’
expected income. According to Eq (18), the first-order partial derivative of the expected
income of farmers with respect to the number of developers under the first-price sealed-bid
sequential auction is:

2 2
8E[RI] — 2 £n+] + n- 18”“11’18 _ ( rL"FJ' )g" + (1 rL"FJ' 8"1118
On (n+ 1)2 n+1 2n? 2n

22

gntt (1—r° 22)
= nT 1) [2+ (n” — 1)lng] + " ~—¢"(nlne — 1)
*”LHZ
LetX = (Z:;Q [2+ (n* —1)lngland Y = - o )8"(nln£ —1). When X =0,

e=el= \3/—+ When Y =0,& = e = /e ~ 1.6. According to data from the Chongqing
e~0.6

Land Exchange, the quota transaction price of construction land is much smaller than the
transaction price of construction land at approximately 0.1 times the price of the land. There-
fore,e < e73 < 2. Thus, %ﬁul < 0. That is, under the condition of the selection of construction
land quota, whether under the first- or the second-price sealed-bid sequential auctions, the
number of developers participating in the auction is negatively correlated with the equilibrium
quotation of the construction land quota.
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Q.E.D. Proposition 7 shows that regardless of whether the first- or second-price sealed-bid
sequentially auction occurs, the quota equilibrium quotation and the number of developers
are negatively correlated. Therefore, the government grants the right to choose construction
land quotas. At the same time, by reasonably controlling and improving the structure of the
number of developers participating in the auction, the balanced quotation of the construction
land quotas can be increased, and farmers’ income and enthusiasm for reclamation can be
improved. The problem of a large number of idle homesteads in the rural areas of our country
today ensures the effective use of rural land resources and promotes the scientific development
of urban and rural areas.

Numerical analyses
Bidder’s transaction price

Assuming that each bidder’s valuation of construction land is a random number, using Matlab
to simulate 10,000 auctions, we get: Under the first-price (second-price) sealed-bid sequential
auction with selection, the developer with the highest bid wins the quota and the transaction
bidding price is the highest price (second highest quotation). Based on the practice and the
model, it is assumed that all developers’ estimates of the quota and construction land are ran-
dom numbers of [0.0.1] and [0,1] respectively. Meanwhile, the equilibrium quotation can be
obtained by solving (Tables 5 and 6).

This study is based on Maskin and Riley’s [42] method. Let n€[2,12]. Then, we carry out a
numerical analysis of the transaction prices of construction land quotas in the first- and the
second-price sealed-bid sequential auction as shown in Figs 1 and 2, respectively:

The triangle line and the star line in Figs 1 and 2, respectively, represent the developer’s
transaction price for the construction land quota when there is an selection under the first-
and the second-price sealed-bid sequential auctions, respectively. The dotted line represents
the developer’s price for construction land quota when there is no selection. Notably, whether
itis a first- or a second-price sealed-bid sequential auction, the developer’s transaction price

Table 5. Transaction bidding price of bidders for the first-price format.

Bidder
Value Vi
Vai
Price B,
Ba

https://doi.org/10.1371/journal.pone.0263075.1005

2

0.089
0.841
0.232

0.420

3

0.030
0.486
0.145

0.324

4 5 6 7 8 9 10 11 12
0.095 0.054 0.073 0.097 0.033 0.012 0.091 0.062 0.028
0.389 0.235 0.094 0.972 0.937 0.804 0.021 0.481 0.919
0.165 0.118 0.123 0.136 0.075 0.052 0.120 0.090 0.057
0.292 0.188 0.078 0.833 0.820 0.715 0.019 0.438 0.842

Table 6. Transaction bidding price of bidders for the second-price format.

Bidder
Value Vi
Vai
Price B
B

https://doi.org/10.1371/journal.pone.0263075.t006

2

0.047
0.105
0.297
0.052

3

0.090
0.763
0.299
0.381

4 5 6 7 8 9 10 11 12
0.047 0.052 0.018 0.065 0.035 0.069 0.062 0.074 0.025
0.921 0.029 0.675 0.548 0.034 0.576 0.097 0.764 0.475
0.234 0.227 0.185 0.226 0.192 0.222 0.212 0.221 0.170
0.460 0.014 0.337 0.274 0.017 0.288 0.048 0.382 0.238
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The transaction price of the quota
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Fig 1. Impact of n on the transaction price of the quota for the first-price format.

https://doi.org/10.1371/journal.pone.0263075.9001

for construction land quotas with the selection is significantly higher than without the selec-
tion, thus demonstrating Proposition 4. In addition, there is a negative correlation between the
number of developers and the transaction price of the quotas when there is a right to choose.
This verifies the research conclusions of Serensen [20], Wang and Liu [39], Zhang and Wang
[40], and Jing and Li [41], among others, and demonstrates Proposition 7. Therefore, to
achieve the goal of reducing and reusing a large number of idle homesteads in rural areas, the
government increases the transaction price of the quotas by granting the right to choose the
quotas while reasonably controlling the number of developers participating in the auction of
the quotas.

Fig 3 show whether the first- or the second-price sealed-bid sequential auction is better for
construction land quota transaction prices when there is a right of selection:

Notably, for both auctions, the land depreciation coefficient and the transaction price are
negatively correlated. This conclusion is consistent with Leufkens et al. [43]. With the increase
in the degree of matching between the construction land selected by the winning developer
and the expected construction land, the greater the land degree of devaluation brought by the
selection right to the loser developer, the greater the increase in the bidding difference between
the winning and the losing developers in the second stage of construction land auction. This
improves the transaction price of the construction land quota. Thus, proposition 5 is proven.

PLOS ONE | https://doi.org/10.1371/journal.pone.0263075 January 25, 2022 17/25


https://doi.org/10.1371/journal.pone.0263075.g001
https://doi.org/10.1371/journal.pone.0263075

PLOS ONE

Construction land quota auction based on selection

The transaction price of the quota
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Fig 2. Impact of n on the transaction price of the quota for the second-price format.

https://doi.org/10.1371/journal.pone.0263075.9002

Fig 3 also shows that the transaction price of construction land quota under the second-price
sealed-bid sequential auction is significantly higher, which is contrary to the conclusion of
Leufkens et al. [30]. This is because the private value assumed by Leufkens et al. [30] is certain.
However, here, both the construction land quota and the construction land value are the devel-
oper’s private information. Thus, proposition 6 is proven. In addition, in the first-price sealed-
bid sequential auction, since the quota transaction price is the developer’s highest quotation,
the higher the value of the construction land quota to the developer, the higher the transaction
price. In the second-price sealed-bid sequential auction, the quota transaction price is the
developer’s second highest quotation. Therefore, with a higher value of construction land
quota to the developer, the developers with the second highest quotation will increase. Conse-
quently, the price of the quota will approach the real price. Therefore, the transaction price of
the construction land quota first increases and finally tends to be flat.

Analysis of farmers’ income

Using Matlab to simulate 10,000 auctions, we find that under the first-price (second-price)
sealed-bid sequential auction with the right to choose, farmers’ income is the highest bid price
(second highest quotation) of the developer. According to data from the Chongqing country
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Fig 3. Impact of r, ;; on the transaction price of the quota.
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land exchange, the quota transaction price of construction land is much smaller than the trans-
action price of construction land, approximately 0.1 times the price of construction land.
Thus, let € - 0.1. The relationship between selection rights and farmers’ income under first-
and second-price sealed-bid sequential auctions are more clearly illustrated in Figs 4 and 5:

In Figs 4 and 5, the triangle and star lines represent farmers’ income when they have the
right of selection under the first- and second-price sealed-bid sequential auction, respectively.
The dashed line represents farmers’ income when there is no right of selection. Notably, in
either auctions, farmers’” income is always significantly higher when there is a right of selection
than when there is none, thus proving proposition 4. Meanwhile, with the increase in the num-
ber of developers participating in the auction, farmers’ income will decrease. This happens no
matter whether they have the right of selection or not, thereby proving proposition 7.

The farmers’ income under the first- and second-price sealed-bid sequential auctions, and
the change of farmers’ income with the land depreciation coefficient when there is the right of
selection are shown in Fig 6:

Fig 6 shows that no matter the first- or second-price sealed-bid sequential auction, there is a
negative correlation between the land depreciation coefficient and farmers’ income. That is,
the higher the degree of matching between the construction land selected by the developer
with the selection and the expected construction land, the greater the land depreciation of the
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construction land to the developer without the selection. This improves the value of the quota
selection and farmers’ income. Thus, proposition 5 is proved. Meanwhile, the star line is clearly
above the triangle line; that is, the revenue of the second-price sealed-bid sequential auction is
significantly higher than that of the first-price one. This proposition extends the research
hypothesis of Vickrey [44] and Myerson [45], and obtains the same result as Maskin and Riley
[42], thus proving proposition 6. In the first-price sealed-bid sequential auction, farmers’
income is the highest bid of the developer for the construction land quota. Therefore, the
higher the value of the construction land quota is for the developer, the more clearly farmers’
income increases. In the second-price sealed-bid sequential auction, farmers’ income is the
second highest quotation of construction land quota from developers. Therefore, with the
higher value of construction land quota to developers, the developers’ valuation of the second
highest quotation will gradually approach the real price of construction land quota. Therefore,
farmers’ income tends to be flat in the end.

Conclusions

Based on the selection characteristics of construction land quota and the theory of sequential
auction, this study constructs a model of construction land quota equilibrium bidding and
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farmers’ expected income under the first- and second-price sealed-bid sequential auction. Fur-
thermore, we compare the equilibrium bidding strategy of bidders and farmers’ expected
income under the two auction methods, and designs a more reasonable quota auction pricing
mechanism. Finally, we use numerical analysis to verify the model and conclusions. The results
show that the quota selection of construction land improves the bidding price of the quota and
farmers’ income. Furthermore, the value of the selection to developers is positively correlated
with the bidding quotation of construction land quota and farmers’ income. That is, the lower
the degree of matching between the selected construction land and the developers without the
selection, the higher the price developers are willing to pay for the quota and higher the farm-
ers’ income. Besides, the second-price sealed-bid sequential auction has higher construction
land quota bidding price and farmers’ income than the first-price auction. Third, there is a
negative correlation between the number of developers participating in the auction, and the
quota bidding quotation and farmers’ income.

These findings show that local governments can improve the value of construction land
quotas. In the transaction practice of construction land and its quotas, developers can choose
the expected land, thus obtaining more valuable quotas. This will improve the quotation of the
quotas, ensure the income of farmers reclaiming the idle homestead, and improve the
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enthusiasm of farmers’ reclamation, thereby accelerating the process of land use for rural con-
struction in China. Furthermore, choosing the second-price sealed-bid sequential sealed auc-
tion can better reflect the value of construction land quota, relieve the pressure of urban
construction land demand, improve the exit rate of rural idle homesteads, realize land resource
reallocation, and solve the contradiction between the rapid growth of construction land
demand and the idle waste of a large number of rural homesteads. In addition, we should
improve the qualification requirements of developers, increase the number of developers par-
ticipating in the bidding, improve the pricing system of construction land quota, increase
farmers’ reclamation income, narrow the gap between urban and rural areas, further help pov-
erty alleviation and rural revitalization, and ensure the healthy and stable operation of con-
struction land quota market.

Lastly, there are some limitations in this study and corresponding future research direc-
tions. The model used here studies a two-stage sequential auction and each stage only has a
single item. However, in practice, there will be numerous homogeneous items auctioned at
each stage. In the sequential auction of homogeneous items, there may be a decline in the
prices of post-auction items and the phenomenon of "abnormal price decreases" [46]. This will
impact the auction strategy of construction land quotas. These points require further research.
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