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ABSTRACT In this study, a two-stage sequential auction of complements is conceptualized by considering
the rule of price discount. In addition, a reasonable pricing mechanism is designed for the land quota.
This framework is based on the complementary characteristics of the construction land quota and the
construction land in practice. The results indicate that the rule of price discount enhances the bidding price
of the construction land quota and construction land. In other words, the greater the limit of price discount,
the greater is the increase in the bidding price offered by bidders. Furthermore, the bidding price of the
quota declines with an increase in the number of bidders and increaseswith an increase in the penalty amount
for delayed construction. Accordingly, local governments should implement the rule of price discount and
improve the qualification audit of bidders, in addition to appropriately raising the penalty amount for delayed
construction, to raise the quota price and encourage farmers to reclaim their idle homesteads. This approach
would ease conflicts between construction land demands and farmland protection, as well as promote rapid
urbanisation and development of the national economy in China.

INDEX TERMS Sequential auction of complements, construction land quota, the rule of price discount,
second-price sealed-bid auction.

I. INTRODUCTION
The central government allocates ‘land quota’ in a step-
wise manner and free of charge to control local land use
behaviour. This approach is in accordancewith the prevention
and control of the loss of cultivated land resources [1], [2].
However, the amount of construction land required has
sharply increased with rapid industrialisation and urbanisa-
tion, thereby leading to the scarcity of the land quota [3].
Furthermore, the economic development has promoted theru-
ral population to migrate to urban areas, which has resulted
in numerous idle rural homesteads, thereby causing a serious
waste of land resources [4], [5]. Consequently, large portions
of construction land remain unused and wasted, which is
emerging as one of the greatest obstacles to the sustainable
development of China.

The associate editor coordinating the review of this manuscript and

approving it for publication was Ahmed A. Zaki Diab .

Local governments in China, including those of Chengdu
and Chongqing, have attempted to acquire construction land
quotas with innovative land management tools to tackle
the large disparity between fewer land quota and the high
demand for construction land for rapid economic develop-
ment [6]. Under this policy, farmers with idle homesteads
can reclaim their homesteads into qualified cultivated land
and acquire a certain number of quotas. Thereafter, local
governments sell these quotas to demanders [7]. In practice,
construction land quota and construction land are interde-
pendent, and developers require quota and land for construc-
tion. The complementarity between the land and the quota
should be considered when pricing land quota. However,
the price is mainly based on the government’s guideline
price, which overlooks the complementarity between the
quota and the land. Furthermore, in the current mechanism
of production and trading of quota, the government’s guide-
line price does not precisely reflect the intrinsic value of
quota.
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Cao et al. [8] and Zhang and Wang [9] stated that the
intrinsic value of the quota is reflected through the invest-
ment projects that developers can undertake in advance. The
authors further mentioned that the value of quota is the added
time value in construction land use. In other words, consider-
ing that the construction land quota mainly enables the early
implementation of projects on construction land, its intrinsic
value is the value addition to the developers who can com-
mence their projects earlier after acquiring the construction
land. Indeed, this value reflects the complementarity between
quota and land. However, the current pricing mechanism of
quota (adopted by Chongqing, Chengdu, and Guangzhou)
fails to reflect the additional value, resulting in low prices for
quota and reluctance of a large number of farmers to reclaim
their unused residential land [10].

Notably, some differences exist in the trading systems of
Chengdu and Chongqing with regard to the practice of con-
struction land quota. In line with the InterimMeasures for the
Administration of Chongqing’s Rural Land Transactions and
the Measures for the Administration of Dipiao in Chongqing,
purchasing of quota serves two main purposes. First, devel-
opers retain the right to use the same amount of urban land.
Second, the bidders who successfully obtain the land use
quota and land can acquire a price discount [11], [12]. By con-
trast, Chengdu highlights that quota only serves to increase
the same amount of urban land. Notably, the transactions
of construction land quota generate extra profits to develop-
ers as well as extra taxes and other social benefits to local
governments. Accordingly, if the local government transfers
additional benefits to farmers by offering a price discount to
developers, the questions that arise are whether the land com-
pensation standard for land-lost farmers be raised and a large
number of farmers be encouraged to actively reclaim their
idle homesteads Therefore, designing an effective pricing
mechanism for construction land quota is essential to reflect
the actual market value. Meanwhile, exploring whether the
rule of price discount encourages farmers to reclaim their
idle homesteads and ease conflicts between construction land
demands and farmland protection is crucial.

The present study has various key contributions. First,
the study proposes that the construction land quota and con-
struction land should be complimentarily and simultaneously
investigated. Furthermore, this study considers that the mar-
ket value of the construction land quota is reflected in the
time taken for the implementation of construction projects to
an advance value, that is, the value of private information of
developers. Therefore, the sequential auction of complemen-
tary goods is an effective approach to price the quota. Second,
in line with the main characteristics of the transactions of
construction land quota, developers who do not win the quota
in the auction of land quota would lower the valuation of
the urban land. The study recommends improving the classic
sequential auction of complementary goods and applying it
to price the quota. Third, according to the current rule of land
quota trading, the study explores whether the rule of price dis-
count can guarantee the land-lost farmers’ income, improve

farmers’ enthusiasm for land reclamation, and promote the
trading system for the construction land quota, as well as
promote industrialisation and urbanisation.

Studies on the transaction mechanism for the construction
land quota have mainly focused on the general introduction
of the transaction mechanism, including its significance, pro-
duction process, and basic characteristics. Wang et al. [13]
noted that the tradingmechanism of land use quota effectively
released rural idle land resources, reduced the risk of culti-
vated land loss, and provided a model for other pilot studies
in the future. Chen et al. [14] believed that Dipiao, a type
of development rights transfer in Chongqing, considerably
enhanced the efficiency of urban and rural land use and
avoided the waste of scarce resources. Meanwhile, the distri-
bution system of income protected the land rights and inter-
ests of land-lost farmers in remote rural areas.Wang et al. [15]
determined that the Transfer of Development Rights Pro-
gramme in Chongqing ensured food security and stimulated
economic growth. Certainly, this programme could effec-
tively solve the dilemma in the urbanization process. Only a
few studies have reported on the quota pricing mechanism for
construction land. Moreover, all of these studies highlighted
the defects of the quota pricing mechanism for construction
land and provided qualitative policy suggestions. However,
these studies could not design a targeted and feasible pric-
ing mechanism. For instance, Feng et al. [16] demonstrated
that the current pricing of construction land quota is based
on the cost-oriented pricing method and that the price does
not reflect the market value of land quota. Ma et al. [17]
discovered that the quota price was formed as the market
and administrative pricing mechanisms. Zhang [18] opined
that the quota price should be independent of the production
cost and reflect the regional characteristics. Hao and Du [19]
believed that the core of land quota trading is the transaction
of land development rights.Meng andXiong [20] emphasised
that the local government should gradually reduce the con-
trol of the quota price and introduce the market mechanism
to effectively reflect the intrinsic value of the quota. Sun
et al. [21] suggested that the secondary market for land use
quota trading should be opened by clarifying the functional
positioning of the market and improving the regulation and
supervision mechanism of the market.

The quota value in the market is kept as private information
by developers, and auctioning is one of the most effective
means to reveal the private value of developers. In addi-
tion, construction land and quota are interdependent com-
plementary goods. Therefore, considering the construction
land quota and construction land transaction as two-stage
complementary goods, a sequential auction can precisely
reveal the essential attributes of the construction land quota.
Scholars have extensively focused on the sequential auction
of complementary goods. Leufkens and Peeters [22] observed
that a second-price sealed-bid sequential auction generated
a higher price than a first-price sealed-bid sequential auc-
tion. Boudreau and Shunda [23] examined a novel sequential
auction and indicated a distinct pattern of initial overbidding
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followed by underbidding. Kong [24] performed a structural
analysis of sequential auctions with synergy and affiliation
across auctions. Furthermore, the author proposed a flexible
yet tractable sequential auction model under the private value
paradigm and established its nonparametric identification,
which represented an intuitive and general method for dis-
entangling synergy from affiliation. Li and Shonkwiler [25]
examined the price trend in a sequential online live cattle auc-
tion. The authors found that the buyer’s maximum valuation
on the subsequent object declined as the buyer won more
objects, which offers a plausible explanation for the declining
price anomaly in sequential auctions. De Silva et al. [26]
indicated that winners in the previous stage were more likely
to participate in subsequent auctions and that their average
bid was lower. Branco [27] discovered the equilibrium in
pure strategies. The author indicated that under equilibrium,
the expected price declined from the first to the second auc-
tion. Certainly, scholars have intensely discussed the sequen-
tial auction of complements in theory and have applied the
model to fields such as live cattle. However, none of the
studies have applied the theory of sequential auction of com-
plements to the transaction of construction land quota.

II. METHODOLOGY
A. PROBLEM AND VARIABLES
1) PROBLEM
A local government sells a piece of project land. However,
the quota allocated by the central government in a particular
year is completely utilised. The local government thus relies
on land-lost farmers to reclaim unused rural homesteads to
increase the number of quota [28], [29]. Considering the
complementary characteristics of land quota and the urban
land, the government organizes a second-price sealed-bid
sequential auction to auction the land quota and construction
land. The first stage of the sequential auction is the auction
of the construction land quota, whereas the second stage is
the auction of the construction land. Under the second-price
sealed-bid rule, bidders with the highest price bids for the
construction land quota or the construction land and pays
according to the second highest price. China’s land trans-
fer market stipulates that developers should simultaneously
acquire urban land and land quota to utilise the plot for
development. Accordingly, developers should successively
participate in the construction land quota auction as well as
the construction land auction to successfully bid for both
these items.

Furthermore, developers with a potential demand for the
construction land quota or the construction land may par-
ticipate in the aforementioned two stages [30]. Notably,
if winners in the second stage fail to win the land quota
in the first stage, the acquired land cannot be immediately
used for development. Thus, the winner should participate
in another round of construction land quota auction and
obtain the construction land quota to ensure development.
During this period, the construction land remains idle and

cannot be utilised for development. Furthermore, failure of
the developers to begin the development within the time limit
specified by the government may amount to a penalty for
delayed construction, which represents a certain proportion
of the land transaction price [31]. After the two-stage auction,
the farmers who provide construction land quota may be
compensated for the loss of land at 85% of the price of the
quota.

In addition, two rules of price discount exist in the land
quota trading practice [32], [33]. First, a part of the trans-
action price of the quota can be deducted from the land
quotation. Second, no price discount is provided. However,
whether the rule of price discount can release idle land in rural
areas and enhance the efficiency of land resource allocation
remains questionable. This study explores whether the rule
of price discount can demonstrate the intrinsic value of the
quota and guarantee the legal rights and interests of farmers.

Thus, this manuscript adopts the sequential auction of
complement to design the pricing method of construction
land quota. Firgure 1 illustrates the relationships among the
government, developers, and farmers.

FIGURE 1. Relationships among the government, developers, and farmers.

2) VARIABLES
A risk-neutral local government organises second-price
sealed-bid sequential auction to sell a construction land quota
and a piece of construction land. Furthermore, n(n ≥ 2)
risk-neutral bidders hold neither the construction land quota
nor the construction land to participate in the two-stage auc-
tion. The winner in the quota auction is denoted as w, and
the loser is denoted as l. The bidders’ valuation of the land
quota is denoted as V1i, i = 1, 2, . . . , n, and the valuation of
the land is denoted as V2i, i = 1, 2, . . . , n, with both V1i and
V2i following a uniform distribution [22]. Considering that
the value of the construction land quota is considerably lower
than the actual value of the construction land, the bidders’
valuation of the construction land is assumed to follow a
uniform distribution [0,1]. The valuation of the construc-
tion land quota follows a uniform distribution [0, a], where
a(0 < a � 1) is a constant [34]. The distribution of the
bidder type and number is common knowledge. However,
information on the type of each bidder is confidential, which
remains unavailable to the government or other bidders until
the auction begins. The valuation and offer process of auction
are as follows: (i) bidders value the construction land quota,
(ii) bidders propose offers for the construction land quota,
(iii) bidders value the construction land, and (iv) bidders
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propose offers for the construction land. This valuation and
offer process represent a situation, wherein, for instance,
a government contract for the supply of public services is
auctioned annually. In any given auction, bidders are unaware
about the details of next year’s contract, although the contract
is considered identical a priori (random equivalence).

The classical sequential auction considers that winning
the first auction increases the valuation to R times. This
complementarity applies only to the valuation of the second
good V2i. Winning the first auction increases the valuation
of the second auction from V2i to RV2i without any effect on
the valuation of the first auction V1i. However, in practice,
bidders with the construction land quota may immediately
develop the construction land after they acquire the land,
whereas those without the construction land quota would be
required to wait until the next round auction of the quota
to obtain the permission. Throughout this period, a delay
in construction would amount to a certain fee to bidders.
In other words, compared with winners in the first stage,
losers would lose profits. Therefore, if losers in the first stage
win the construction land, they would suffer additional cost
loss and reduce the construction land quotation. By contrast,
the winners’ valuation of the urban land remains unchanged.
Therefore, the losers’ valuation of the land would be reduced
compared with the original valuation, from V2i to V2i/
R (R > 1) [35]. Here, R is a parameter of land value depre-
ciation. When the penalty amount for delayed construction is
high, the additional cost loss of losers in the quota transaction
of the construction land is high and the value added of the
construction land is low, implying a greater R.

In the land quota auction, the bidding price of bidder i
is b1i, i = 1, 2, . . . , n. E1i, i = 1, 2, . . . , n is the ex-ante
expected surplus of bidder i or the difference between the
expected value of quota for bidder i and the expected price
the bidder pays. In the land auction, if the bidding price of
bidder i is b2i, then, the winners’ex-ante expected surplus in
the land auction isEw2i, i = 1, 2, . . . , n, and the losers’ ex-ante
expected surplus in the construction land auction is E l2i, i =
1, 2, . . . , n. The difference in the ex-ante expected surplus
between winners and losers is1, which represents the added
surplus and is expressed as 1 = Ew2i − E

l
2i, i = 1, 2, . . . , n.

Accordingly, winners in the first stage can avoid the fine for
delayed construction, which implies that they can obtain extra
profits.

In addition, the local government stipulates that the bidders
who successfully acquire the quota and the land can obtain
a fixed discount, which implies that a part of the quota
price can be deducted from the price of the land, denoted as
p ∈ (0, 1). China’s land transfer market stipulates that devel-
opers should simultaneously acquire construction land quota
and construction land to utilise the land for development.
Therefore, developers should successively participate in the
quota auction and the urban land auction to successfully bid
both the items. Consequently, the local government makes
an ex-ante commitment before the auction begins (i.e. the
auction of quota and land), according to which if the bidders

win the first (quota auction) and second (land auction) stages,
they will receive a discount of p ∈ (0, 1). The bidders
are bound to be willing to increase the land quota or the
construction land according to the fixed discount to increase
the probability of obtaining the two items. Without loss of
generality, this study assumes that the bidders will pay extra
pxi, i = 1, 2, . . . , n for obtaining the quota and (1 − xi)p,
i = 1, 2, . . . , n for obtaining the land. In this expression,
xi denotes the extent to which a bidder is willing to raise the
quota price according to the fixed price discount.

B. BIDDERS’CONSTRUCTION LAND QUOTA AND
QUOTATION
1) THE BIDDERS’ QUOTA AND LAND PRICE WITHOUT THE
RULE OF PRICE DISCOUNT
For solving the sequential game, backward induction is used
to identify the equilibrium bidding strategy of bidders. Thus,
the construction land bidding stage is given the top priority,
followed by the construction land quota bidding stage.

In the construction land bidding stage, the bidders with
quota are required to conduct land auction through sealed-bid
auction alongside the bidders without quota. In the land
auction, the quota holders do not enjoy any priority rights.
In other words, the bidders who hold quota start bidding on
an equal footing with those who lack quota. Thus, the price
offered for the construction land depends only on the bidder’s
valuation of the construction land rather than the price of the
construction land quota.

In the construction land quota auction stage, bidders can
generate additional value for the quota by winning the con-
struction land quota, thereby avoiding the loss of idle land
fee while holding the construction land without the quota.
Thus, the bidder’s construction land quota offer includes the
bidder’s valuation of the construction land quota and the addi-
tional value generated through the construction land quota.
Thus, our propositions are as follows:
Proposition 1: In the auction of land use quota and the

construction land, the bidders’ equilibrium bidding price in
the two stages, respectively, are:

b1i(V1i) = V1i +1, (1){
bw2i(V2i) = V2i i = 1, 2, . . . , n

bl2j(V2j) = V2j/R j = 1, 2, . . . , n, j 6= i
(2)

where 1 = (R− 1)[(R− 1)n+ 2]/(2R2n).
Proof: If losers, who are affected by the characteristics

of quota trading, succeed in obtaining the construction land in
the first stage, they would still be required to wait for another
round of auction of the quota to successfully obtain the quota
before acquiring permission to develop the acquired land.
During this period, a delay in construction would amount to a
certain fee. In other words, compared with winners in the first
stage, losers would lose profits. Therefore, if losers in the first
stage win the construction land, they would suffer additional
cost loss and reduce the land price. By contrast, the winner’s
valuation of the urban land remains unchanged. Therefore,
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the losers’ valuation of the land would be reduced compared
with the original valuation, from V2i to V2i/R (R > 1) [35].
Thus, according to Leufkens et al. [35], in the land auction,
the price of bidders in the second stage is as follows:{

bw2i(V2i) = V2i i = 1, 2, . . . , n

bl2j(V2j) = V2j/R j = 1, 2, . . . , n j 6= i

When bidder i, i = 1, 2, . . . , n, wins the quota, the max-
imum land price of other n − 1 bidders, expect for bidder i,
can be recorded as z, and the ex-ante expected surplus of the
bidders i in the second stage is

Ew2i=
∫∫

V2i>z/R
(V2i − z/R)(n− 1)zn−2dV2idz

=

∫ 1
R

0
dV2i

∫ RV2i

0
(V2i − z/R)(n− 1)zn−2dz

+

∫ 1

1
R

dV2i

∫ 1

0
(V2i − z/R)(n− 1)zn−2dz

= 1/[R2n(n+ 1)]+ [(R− 1)(Rn− n+ 2)]/(2R2n) (3)

where i = 1, 2, . . . , n.
If bidder i, i = 1, 2, . . . , n, fails in the first stage and

bidder k , k = 1, 2, . . . , n k 6= i, wins in the first stage,
let the bidding price of bidder k in the second stage be z1.
Furthermore, the maximum value in the second stage of other
n−2 bidders, except i and k , in the first stage is denoted as z2.
Thus, the ex-ante expected surplus of bidder i in the second
stage can be acquired as follows:

E l2i =
∫∫∫

(V2i/R− max{z1, z2/R})(n− 2)zn−31 dV2idz1dz2

=

∫ 1

0
dV2i

∫ V2i
R

0
(V2i/R− z1)dz1

∫ Rz1

0
(n− 2)zn−32 dz2

+

∫ 1

0
dV2i

×

∫ V2i

0
(n− 2)zn−32 dz2

∫ z2
R

0
(V2i/R− z2/R)dz1

= 1/[R2n(n+ 1)] (4)

where 1 = [(R− 1)((R− 1)n+ 2)]/[2R2n].
The aforementioned expression indicates that if bidder i,

i = 1, 2, . . . , n, wins the construction land quota, it can obtain
an extra profit of 1, that is, the quota brings an extra value
of 1 to the bidder i. Consequently, the total value or the
bidding price of bidder i is the sum of the original value of the
construction land quota and extra value, b1i(V1i) = V1i +1.
Q.E.D.
Overall, in Proposition 1, the following points may be

observed: in the bidding stage of the construction land quota,
the bidding price of the construction land quota is related
to the number of bidders n and the parameter of land value
depreciation R. In the construction land auction, the equilib-
rium bidding price of losers in the first stage is related to the
parameter of land value depreciation R.

2) THE BIDDERS’ QUOTA AND LAND PRICE WITH THE RULE
OF PRICE DISCOUNT
Proposition 2: In the auction of land quota and the urban land,
the bidding price of bidders in the two stages, respectively,
are:

bρ1i(V1i, p) = V1i +1ρ + pxi (5) bw2i(V2i, p) = V2i + (1− xi)p i = 1, 2, . . . , n

bl2j(V2j, p) = V2j/R+ (1− xj)p j = 1, 2, . . . , n j 6= i

(6)

where 1ρ = (R− 1)[(R− 1)n+ 2]/(2R2n).
Proof: As proved by Proposition 1, the loser’s valu-

ation of the construction land in the first stage would be
reduced compared to the original valuation, from V2i to V2i/
R (R > 1) [35]. Meanwhile, because of the rule of price dis-
count, the bidders who successively obtain the two items will
inevitably receive a fixed discount. To increase the probability
of obtaining the two items, bidders are bound to be willing
to increase the land quota or the construction land according
to the fixed discount. Without loss of generality, this study
assumes that bidders will pay extra pxi, for obtaining the
quota and (1 − xi)p for obtaining the land. Thus, according
to Leufkens et al. [35] and Jeitschko and Wolfstetter [36],
in the land auction, the bidding prices of bidders in the second
stages are as follows:{
bw2i(V2i, p) = V2i + (1− xi)p i = 1, 2, . . . , n

bl2j(V2j, p) = V2j/R+ (1− xj)p j = 1, 2, . . . , n j 6= i

When bidder i, i = 1, 2, . . . , n, wins the quota of the
construction land, the maximum land price of the other n− 1
bidders, expect for bidder i, can be recorded as z3, and the
ex-ante expected surplus of bidders i in the second stage is
expressed as follows:

E2i(Vw
2i , p)

=

∫∫
b2i(Vw2i )>b2j(V

l
2j)

(Vw
2i + (1− ε)p−

(z3/R+ (1− ε)p))(n− 1)
zn−23 dVw2idz3

=

∫ 1
R

0
dVw2i

∫ RVw2i

0
(Vw

2i − z3/R)(n− 1)zn−23 dz3

+

∫ 1

1
R

dVw2i

∫ 1

0
(Vw

2i − z3/R)(n− 1)zn−23 dz3

= 1/[R2n(n+ 1)]+ [(R− 1)(Rn− n+ 2)]/(2R2n) (7)

where i = 1, 2, . . . , n.
If bidder i, i = 1, 2, . . . , n, fails in the quota auction

and bidder k , k = 1, 2, . . . , n k 6= i, wins in the quota auc-
tion, let the land price of bidder k be z4. The maximum
value in the land auction of other n − 2 bidders, except i
and k , in the quota auction is denoted as z5. Thus, the ex-
ante expected surplus of bidder i in the land auction is
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TABLE 1. Definition of the parameters.

as follows:

E2i(V l
2i, p)

=

∫∫∫ (V l
2i/R+ (1− ε)p
−max{z4 + (1− ε)p, z5/R
+(1− ε)p})(n− 2)zn−35 dV l2i

dz4dz5

=

∫ 1

0
dV l2i

∫ V l2i

0
(V l

2i/R− z5/R)(n− 2)zn−35 dz5

∫ z5
R

0
dz4

+

∫ 1

0
dV l2i

∫ V l2i
R

0
(V l

2i/R− z4)dz4

∫ Rz4

0
(n− 2)zn−35 dz5

= 1/(R2n(n+ 1)) (8)

where 1ρ = (R− 1)[(R− 1)n+ 2]/(2R2n).
The aforementioned expression indicates that bidder i,

i = 1, 2, . . . , n can obtain an extra profit of 1ρ if he wins
the construction land quota. In other words, the quota brings
an extra value of 1ρ to the bidder i. Consequently, the total
value or the bidding price of bidder i is the sum of the original

value of the land quota and the extra value, bρ1i(V1i, p) =
V1i +1ρ + pxi.
Q.E.D.
From Proposition 2, we find that the bidding price of quota

is related to the number of bidders n, the parameter of land
value depreciation R, and the limit of price discount p. During
land auction, the land price of losers relates to the parameter
of land value depreciation R and the limit of price discount p.
In addition, the quota price of the winner relates to the limit
of price discount p.

By comparing Propositions 1 and 2, we find that
1ρ = 1. Therefore, the difference in the ex-ante expected
surplus between winners and losers during the first stage
under two different rules are the same in the auction. This
observation implies that the rule of price discount cannot
increase the added value of quota.

3) QUOTATION ANALYSIS UNDER TWO DIFFERENT RULES
Proposition 3: Under two different rules, the quota price of
bidders decreases with the increase in the number of bidders,
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whereas the price increases with the increase in the fee for
delayed construction.

Proof: Taking the first derivative of the quota price
of bidders with respect to the number of bidders n and
the parameter of land value depreciation R, we can acquire
∂b1i(V1i)/∂n < 0, ∂bρ1i(V1i, p)/∂n < 0, ∂b1i(V1i)/∂R > 0,
∂bρ1i(V1i, p)/∂R > 0, respectively, i = 1, 2, . . . , n. Therefore,
the quota price of bidders is strictly a decreasing or increasing
function of the number of bidders and the parameter of land
value depreciation, respectively, implying that in the quota
auction, the quota price decreases with the increase in the
number of bidders and increases with the increase in the fee
for delayed construction.

Q.E.D.
Proposition 3 demonstrates that the quota price of bidders

decreases with the increase in the number of bidders. This
change occurs because the valuation of the land use quota
represents the extra profits of undertaking of these projects.
The competition for the construction land intensifies with
the increase in the number of bidders in the two-stage auc-
tion. If bidders increase the payment for the construction
land, the payment for the construction land quota would be
reduced, thereby reducing the bidding price for the quota.

Additionally, Proposition 2 helps infer that the quota price
of bidders increases with the increase in the parameter of land
value depreciation. This change occurs because the govern-
ment stipulates the construction land quota as a prerequisite
for developers to use the construction land.When losers in the
first auction obtain the construction land, they have to wait
for another round of quota auction. This process may result
in an increase in the fee incurred on developers for a delayed
construction; higher the fee for delayed construction, higher
is the intrinsic value of the quota, i.e. larger R, which implies
that bidders are willing to pay a large amount to acquire the
quota. Therefore, its price would increase.
Proposition 4: In the quota auction, the bidders’ price with

the rule of price discount increases with the increase in the
limit of price discount.

Proof: Taking the first derivative of the quota price
of bidders with respect to the limit of price discount p,
we can obtain ∂b1i(V1i)/∂p > 0, ∂bρ1i(V1i, p)/∂p > 0, i =
1, 2, . . . , n. Therefore, the price is strictly an increasing func-
tion of the limit of price discount, suggesting that in the first
stage, the price of quota increases with the increase in the
limit of price discount.

Q.E.D.
Proposition 4 indicates that in the first stage, the quota price

of bidders increases with the increase in the limit of price
discount, mainly because the value of the land use quota relies
on the land and land projects. The higher the limit of price dis-
count, the higher is the probability to acquire the construction
land for winners in the first auction. Accordingly, winners in
the first stage will gain extra profits, thereby increasing the
quota price of bidders.
Proposition 5: The land quota price under the rule of price

discount is higher than the price without rule.

Proof:According to Propositions 1 and 2, we can obtain
1ρ = 1, and bρ1i(V1i, p) − b1i(V1i) = pxi > 0. Therefore,
the quota price of bidders under the rule of price discount is
higher than prices without the rule.

Q.E.D.
We infer from Proposition 5 that a high price of the quota

exists under the rule of price discount, which implies that
the rule of price discount can effectively increase the price
of the land use quota. In practice, the government may raise
the price of the quota through the rule of price discount. Con-
sequently, the farmers’ income can be effectively increased
and construction land and the land quota can be efficiently
utilised.

III. NUMERICAL ANALYSES
A. OPTIMAL BIDDING PRICE
Through numerical simulation, the study determines the opti-
mal bidding price of the land quota and construction land,
as well as explores the related factors that affect the quota
and land quotations.

Assume that a local government holds a two-stage
sequential auction to sell the quota and urban land. After
the announcement of the auction, 10 bidders participate
in bidding. According to the variables, the valuation of
the construction land follows a uniform distribution [0,1].
Chongqing, located in western China, is one of the first pilot
zones for construction land quota, and we conduct a simula-
tion analysis based on realistic quota trading data. According
to the relevant data of Chongqing country land exchange,
the transaction price of the construction land quota is consid-
erably lower than that of the construction land [10]. Without
the loss of generality, we assume that the upper limit of
uniform distribution of the construction land quota a = 0.1,
that is, the valuation of the land use quota, follows a uniform
distribution [0, 0.1]. All bidders’ estimates of the land use
quota and land are randomly generated in [0, 1] and [0, 0.1]
according to practices and model assumptions (Table 3).

According to the land administration law of the People’s
Republic of China, the penalty amount for delayed construc-
tion is approximately 10%–20% of the annual land price.
Without the loss of generality, the parameter R equals 1.3.
According to the previous assumptions of price discount and
considering that the two parameters are randomly generated
in (0, 1), the parameter p equals 0.3.

B. SENSITIVITY ANALYSIS OF MAIN PARAMETERS
We perform a sensitivity analysis to explore the effects of
the parameter of land value depreciation and the limit of
price discount on the equilibrium bidding price of the quota,
the construction land, and the expected income of farmers.

Figure 2 illustrates the effects of the land value depreci-
ation parameter and the price discount limit on the bidding
price of the quota.

Figure 2a illustrates that the quota price increases with
the increase in the land value depreciation parameter.
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TABLE 2. The extent to which each bidder is willing to increase the price of the quota.

TABLE 3. Values of the land quota and construction land of bidders.

TABLE 4. Equilibrium bidding price of bidders during both stages under two different rules.

The practical reasons for this phenomenon are as
follows: The construction land quota is crucial for the devel-
opment of real estate and other related land investment
projects. Holding the construction land and not the quota
prohibits developers to immediately undertake the develop-
ment projects on the land, which amounts to a large penalty
for delayed construction. On the one hand, a large penalty
reduces the developers’ valuation of urban land. On the other
hand, it improves the valuation of the land quota. The higher
the fee for delayed construction, that is, the greater the land
value depreciation parameter, the higher are the fee and value
saved by the construction land quota, thereby the quota price
will increase.

Figure 2b illustrates that the price of the construction land
quota would increase with the increase in the price discount

limit. Because the rule of price discount can provide sub-
sidies to the developers who obtain the quota and the land,
the developers would inevitably improve their bidding price.
Therefore, the price of the construction land quota would
increase.

Figures 2a and 2b indicate that the price of the land quota
under the rule of price discount is much higher than the price
without the rule. Certainly, the rule of price discount enhances
the price of land use quota and reveals the intrinsic value of
the quota.

Figures 2a and 2b illustrate Propositions 3, 4, and 5.
Figures 3c and 3d demonstrate that the land value depreci-

ation parameter and the price discount limit affect farmers’
expected income under the rule of price discount. Thus,
the greater the land value depreciation parameter and the
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FIGURE 2. Effects of the main parameters on the price of the quota:
(a) Effects of land value depreciation parameter on the bidding price of
the quota; (b) Effects of the price discount limit on the bidding price of
the quota.

price discount limit, the higher is the income of farmers.
Figure 3 illustrates that the farmers’ income is higher
under the rule of price discount, indicating that the rule of
price discount can effectively protect the farmers’ expected
income.

Figures 4e and 4f depict that the bidding price of the
construction land under the rule of price discount is much
higher than the price without the rule. The rule of price
discount implies that the developers who obtain the quota and
the land receive compensation to some extent. In other words,
bidders are willing to pay more for the land according to the
subsidies to increase the probability of acquiring the quota
and the land. Therefore, the bidding price of the construc-
tion land under the rule is higher than the price without the
rule.

Moreover, the land price of losers decreases with the
increase in the land value depreciation parameter. This is
because the government prohibits the developers without
the quota to immediately undertake development projects
on the land, thereby resulting in a high penalty amount for

FIGURE 3. Effects of the main parameters on the farmers’ expected
income: (c) Effects of the land value depreciation parameter on the
farmers’ expected income; (d) Effects of the price discount limit on the
farmers’ expected income.

delayed construction. The higher the fee for delayed construc-
tion, that is, the greater the land value depreciation param-
eter, the higher is the amount to be paid by losers in the
second stage. Considering the fee for delayed construc-
tion, the losers will lower their bids for the construction
land.

IV. DISCUSSION
The present study has threemain findings. First, our improved
two-stage sequential auction with complementarity is a rea-
sonable and feasible approach to price the quota as the
equilibrium bidding price. According to the Outline of the
National Overall Land Use Plan (2006–2020), the central
government emphasises that local governments can develop
and utilise land only if they hold the construction land
quota. Certainly, this outline clarifies the characteristics of
complementarity between the quota and construction land.
Moreover, this complementarity is the source of the intrinsic
value of the construction land quota. In practice, the main
function of the construction land quota is to enable the early
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FIGURE 4. Effects of the main parameters on the bidding price of land:
(e) Effects of the land value depreciation parameter on the bidding price
of land; (f) Effects of the price discount limit on the bidding price of
land.

implementation of projects on construction sites. Its intrin-
sic value is the time gain of developers who can develop
their projects immediately after acquiring the construction
land. However, in the current construction land quota pric-
ing mechanism, the government still uses the cost plus
pricing method to trade the quota. Arguably, the cur-
rent reclamation cost-based pricing (adopted by Chongqing,
Nanjing, and Guangzhou) is unreasonable and fails to moti-
vate farmers [15].

Second, the price of the construction land quota increases
with the increase in the land devaluation coefficient. The
conclusions reached by Jeitschko and Wolfstetter [36] and
Brendstrup [37] indirectly corroborate the conclusions of
the present study. In practice, R is positively correlated
with the fee for delayed construction by developers. The
higher the penalty amount, the higher is the cost savings
of the quota, which implies that the intrinsic value and
price of the quota increase with R. In addition, the con-
struction land quota offer decreases with an increase in n.
This result is indirectly supported by Leufkens et al. [35].

The political implication of this finding is that the government
should increase the fine for developers who delay construc-
tion or lower the number of bidders (i.e. increase developer
qualification audits) to increase their bid prices for quota and
farmers’ incomes.

Finally, the rule of price discount enhances the price of
construction land quota and increases farmers’ earnings.
This finding is highly consistent with those of Xie [38].
In practice, the rule of price discount for quota adopted
by Chongqing reflects the functional role of quota, which
further expands the intrinsic value of quota. Therefore,
developers are willing to pay a large amount. The govern-
ment should adopt the rule of price discount to increase
the price of the land quota and motivate farmers to with-
draw from overoccupied and unused residential bases,
thereby promoting the intensive and economical use of rural
land.

Overall, we used the specific trading rules of Chongqing
and other pilot areas as the basis of our investigation to design
a reasonable and effective pricing and trading mechanism for
the construction land quota and construction land. Thus, our
model and conclusions can be applied to constrained land
resource allocation and use. Moreover, our model can serve
as a reference for the national construction land quota trading
mechanism in future.

V. CONCLUSION
Based on the complementarity characteristics of the construc-
tion land quota and construction land, this study proposes an
improved two-stage sequential auction of complements for
pricing the construction land quota by considering the rule of
price discount. Through theoretical and numerical analyses,
the results reveal that the rule of price discount enhances
the biding price of the land use quota and the construction
land. The higher the price discount, the greater is the bid-
ding prices of the quota and land. Meanwhile, the rule of
price discount increases the farmers’ income, which increases
with the increase in the price discount limit. In addition,
the bidding price of quota and the expected income of farm-
ers decrease with an increase in the number of bidders and
increase with an increase in the penalty amount for delayed
construction.

The policy implications can be summarised as follows: The
governments should increase the fee for delayed construction
and ensure the strict implementation of provisions of the ‘land
management law’, ‘urban real estate management law’, and
other regulations on the construction land that has not been
developed for two consecutive years and could be recycled
free of charge. On the one hand, this measure would improve
the efficiency of land use. On the other hand, the measure
would effectively improve the bidding price of the construc-
tion land quota, thereby increasing the reclamation income
and enthusiasm of farmers. With regard to the trading pro-
gramme design, the government should implement the rule
of price discount and enhance the qualification requirements
of bidders. This approach would improve the quota price
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and encourage farmers to voluntarily withdraw from their
idle homesteads more actively to revitalise the idle rural
construction land.
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