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Zhifeng Cai ∗

Rutgers University
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Abstract

This paper explores a model in which large transitory financial shocks can generate persistent

slumps in output, land prices, and interest rate. The propagation originates from high sensitivity

of land prices with respect to fundamental, which is achieved by a land consumption channel that

exploits the high complementarity of land services and consumption in households’ preference. When

this complementarity is disciplined by micro-level evidence, the unique recursive equilibrium features an

S-shaped law of motion for capital with two locally stable steady states. Small shocks move the economy

around the unconstrained steady state whereas large transitory financial shocks push the economy into

the constrained steady state at which low interest rate makes firm unwilling to save out of the financial

friction, leading to a secular stagnation.
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1 Introduction

Recovery from a financial crisis can be painfully slow, even if the crisis itself does not last long.

This is especially the case when the crisis is compounded with a collapse of the real-estate sector. A

prominent example is the 2008 Great Recession, during which both the financial and the real-estate

sector experienced tremendous distress, followed by persistent slumps in the values of housing and

land.1 The crisis also featured much greater declines in macroeconomic activities and a much

slower recovery relative to previous postwar recessions (Figure 1), a phenomenon termed “secular

stagnation”.

The joint occurrence of financial market distress, real-estate price collapses, and secular stagna-

tion is not unique to the Great Recession. Looking back at historical stagnation events such as

the 1990 Japanese financial crisis and the 1930 Great Depression, both are renowned for dramatic

collapses of the financial and real-estate sector, as well as the economic stagnation that followed it.

Formal econometric evidence (Cerra and Saxena, 2008; Reinhart and Rogoff, 2009a,b) also shows

that financial crisis recessions tends to be deeper and more protracted, and are often associated

with prolonged asset market collapse. Jordà, Schularick, and Taylor (2015) documents that crises

accompanied with real-estate price bust tends to be followed by particularly slow recoveries.

These empirical patterns suggest that financial frictions and real-estate price collapses play im-

portant roles in propagating transitory crisis events into prolonged economic stagnations. However,

formal theories are lacking in this regard.2 This paper fills this gap by proposing such a framework.3

The key idea of the paper is that strong propagation of recessions can be obtained if asset prices are

sufficiently sensitive with respect to economic fundamental (such as physical capital and household

wealth); and this high sensitivity can be achieved by a “land consumption channel” which exploits

the fact that land services are highly complementarity to consumption in households’ preferences.

The land consumption channel refers to the fact that land, on top of being a production factor

and a collateral asset, also serves a consumption role: it provides services (housing) valued by

the households. If land services and consumption are highly complementary, households’ demand

1It has been argued that the huge drop of housing price during the recession is largely corrections to the pre-
recession housing price boom. Yet despite the pre-recession acceleration, there were still big declines in housing prices
relative to its trend after the Great Recession (see figure 13 for house prices and figure 14 for land prices constructed
following Davis and Heathcote (2007)).

2In fact, some have argued the opposite: that models with financial frictions cannot generate strong propagation
quantitatively (Kocherlakota 2000; Cordoba and Ripoll 2004). For a survey that discusses this issue, see Quadrini
(2011).

3The literature has explored the linkage between land (house) price dynamics and macroeconomic fluctuations(see,
for example, Iacoviello, 2005 and Liu, Wang, and Zha, 2013). They do not explore implications of land price dynamics
on secular stagnation, which is the focus of this paper. See related literature section for a more detailed discussion.
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Note: This figure plots linearly detrended aggregate variables in the five-year window following the Great Recession (solid blue
curve) and previous recessions (dashed green curve). Previous recessions include the 2000 recession, the 1990 recession, the
1981 recession, the 1973 recession, and the 1960 recession. Starting point is normalized to 0. GDP is the real GDP per capita.
Investment is the real private gross investment. Labor is the total hours available from U.S. Bureau of Labor Statistics. Housing
price is the Case-Shiller real home price index. Following an average postwar recession, major macroeconomic variables fully
recovered in five years. Yet, the impact of the Great Recession is much more persistent: GDP and housing price kept declining
relative to trends; Labor barely recovered; Investment recovered somewhat but was still 20 percent below trend five years after.

Figure 1: Great Recession vs. Other Postwar Recessions

for land would be highly sensitive to economic fundamental, which determines consumption. As

land is an important form of collateral asset, this high sensitivity strengthens the two-way feed-

backs between borrowing capacity and macroeconomic conditions and opens the door to strong

amplification and propagation.

The paper consists of a theoretical part and a quantitative part. First, I embed the mechanism

into a standard neoclassic growth model. In the model, both the household and the firm are subject

to collateral constraints and their borrowing capacities are linked to land holdings. This leads to

interesting interactions between the land market and the financial market. I prove that, unlike

standard models with a unique steady state, multiple steady states can arise in this environment if

consumption and land services are sufficiently complementary in the household’s preference.4 The

unique law of motion for capital is S-shaped with multiple stationary points. While there is no room

for self-fulfilling fluctuations, the model features interesting nonlinear responses to fundamental

4The source of the steady-state multiplicity, similar to Schmitt-Grohé and Uribe (2018), is an aggregate non-
convexity introduced through collateral constraints with endogenous asset prices. Unlike Schmitt-Grohé and Uribe
(2018), in this framework there is no self-fulfilling fluctuations across the two steady states because they are indexed
by different levels of capital accumulation and household wealth.
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shocks such as productivity and credit shocks. Small shocks tend to move the economy around

the unconstrained steady state, which corresponds to the usual steady state of a standard growth

model. Large negative financial shocks, like what was observed in 2008, push the economy into

a constrained steady state in which both the household and the firm are permanently borrowing-

constrained.

The property that the firm is permanently constrained does not result from exogenous restrictions

on its capital structure,5 but rather due to endogenous equilibrium forces that depresses both the

land prices and the interest rates. In the model, the firm has a rich set of asset instruments from

which it can choose to “grow out of” its borrowing constraint: it can accumulate land, physical

capital, as well as financial asset. However, at the constrained steady state it has little incentive

to do so: Land, due to its low value, does not serve as an effective tool to relax the collateral

constraint. Capital is not very attractive either because of its low productive value, as the firm

is constrained in financing working capital and hiring complementary labor. Lastly and perhaps

most importantly, at the constrained steady state the returns to financial assets (interest rate) is

low because the household’s demand for credit is tightly constrained by the depressed land value.

The low interest rate in turn implies little incentive for the firm to hold financial assets.6 Thus,

the household’s borrowing capacity matters for the firm because the more the household is able

to borrow, the more financial asset the firm can accumulate. This relaxes the firm’s collateral

constraint and allows for more working capital financing and hence higher output.

The low interest rate plays an important propagation role as it makes the firm unwilling to save

out of its borrowing constraint. This propagation role of low interest rate is novel relative to the

previous literature on secular stagnation which primarily focused on demand side issues (Eggertsson

et al., 2019; Benigno and Fornaro, 2018). Thus, the theory proposed here can be regarded as a

supply-side story of secular stagnation (Summers, 2014), where the low interest rate contributes to

persistent slumps of macroeconomy through the firm’s balance sheet.

The second part of the paper quantifies the land consumption channel. The key parameter is the

elasticity of substitution between consumption and land services in the households’ utility, as this

parameter governs how sensitive land price is with respect to economic fundamental. For the land

consumption channel to matter quantitatively, we require a relatively low degree of substitutability

between land services and consumption. What, then, is the empirically plausible value for this

5The literature has proposed various ways such restrictions can be imposed such as finite life span, differential
discounting, or tax benefits of debt. See Quadrini (2011).

6Although at the constrained steady state the firm sector does lend to the household sector, it is still borrowing-
constrained due to the working capital financing needs.
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elasticity of substitution parameter? While studies based on macro-level data typically find a value

(slightly) greater than one (Davis and Martin, 2009 and Piazzesi, Schneider, and Tuzel, 2007),

most works based on micro-level data and structural estimation typically find a value between 0.1

and 0.6 (Hanushek and Quigley, 1980, Flavin and Nakagawa, 2008, Siegel, 2008, Stokey, 2009, and

Li, Liu, Yang, and Yao, 2016).7 The identification of micro-level studies mainly come from cross-

sectional moments such as state-level house prices and expenditure shares on housing. I calibrate

the model using the value estimated by Li, Liu, Yang, and Yao (2016), which lies at the high end of

micro estimates. Note that, the goal of this paper is not to provide new estimates, but to illustrate

the importance of this parameter in the macro-finance literature, and hopefully stimulate more

empirical research. I find that the unique recursive competitive equilibrium features an S-shaped

law of motion for capital with multiple locally stable steady states.

I then use the model to address the following question: could a severe but relatively short-lived

financial market disturbances like what was observed in 2008-2009 have long-lasting impact on

the economy (Ohanian 2010)? To answer the question, I follow Jermann and Quadrini (2012)

and consider exogenous tightening of agents’ borrowing constraints (credit shocks) as a proxy of

financial market distress. After calibrating the credit shocks to observed drops in land prices during

the Great Recession, I find that the credit shock, albeit short-living, is sufficient to trigger a shift

from the unconstrained good steady state to the constrained steady state, leading to a secular

stagnation.

The simulation result with only credit shocks predicts that the economy would settle at the bad

steady state with all macro aggregates converging to a permanently lower level. This is roughly in

line with the data, but with some notable discrepancies (figure 1). First, detrended output seems

to keep declining after the recession. Second, labor (hours) has a slow but steady recovery. I thus

consider an extended model with additional layers of realism. First, I incorporate time-varying

productivity into the model. This helps to explain the declining aggregate output as productivity

growth has been weak since the end of the recession. Second, I incorporate a downward wage

rigidity constraint. This serves two purposes. First, it accounts for the slow and gradual recovery

of labor as the wage rate slowly adjusts over time. Second, it allows me to use a much lower

value of Frisch elasticity of labor supply, in line with the micro estimates, and still allows for

significant stagnation after the Great Recession. The extended model also allows me to decompose

the sources of stagnation into two components, one due to the weak growth in productivity (Benigno

and Fornaro 2018) and the other due to the internal propagation driven by the land consumption

7A notable exception is Bajari et al. (2013).
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channel. I conclude that both productivity decline and the land consumption channel are important

drivers of the secular stagnation, with the latter playing more important role before 2013 and the

impact of productivity decline picked up after that.

Related Literature

It is to my knowledge the first paper that explores the link between financial frictions and secular

stagnation. It is related to two strands of literature: one on financial frictions and the other on

secular stagnation. There is an extensive and rapid-growing literature on macroeconomic effects of

financial frictions, pioneered by Bernanke and Gertler (1989) and Kiyotaki and Moore (1997). This

paper draws on a series of papers that examines how land price dynamics contribute to business

cycle fluctuations through financial frictions (for example, see Iacoviello 2005; Liu, Wang, and Zha

2013; Liu, Miao, and Zha 2016). Different from these papers, this paper focuses on explaining the

secular stagnation. To this end it exploits the fact that consumption and land could be highly

complementarity, which leads to steady-state multiplicity, in contrast to existing works featuring a

unique steady state.

This paper also builds on recent works by Mendoza (2010), Jermann and Quadrini (2012), Bianchi

(2016), and Bianchi and Mendoza (2018), in which collateral constraints not only affect business

investment but also affects working capital. This helps strengthening the quantitative impact of

collateral constraints as they have direct impact on production inputs. However, these papers do

not consider land prices dynamics and the consumption role of land. Moreover, they all feature

a unique steady state. This paper instead features multiple steady states and an S-shaped law

of motion for capital. This macroeconomic nonlinearity introduced through occasionally binding

collateral constraints is also related to Guerrieri and Iacoviello (2017).

As mentioned earlier, this paper is closely related to Schmitt-Grohé and Uribe (2018) in terms of

the source of steady-state multiplicity. Schmitt-Grohé and Uribe (2018) argues, in the context of

an open endowment economy with flow collateral constraints, that collateral constraints introduce

aggregate non-convexities giving rise to multiple stationary equilibria and self-fulfilling fluctuations.

Unlike Schmitt-Grohé and Uribe (2018), in this model there is no self-fulfilling fluctuations across

multiple steady states, as different steady states are characterized by different level of capital

accumulation. Relatedly, Liu and Wang (2014) illustrate that credit constraints can generate local

indeterminacy around a unique steady state similar to an economy with increasing returns. In my

model there are multiple steady states without local indeterminacy.

The paper is also related to the literature on Secular Stagnation. Benigno and Fornaro (2018)
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propose a notion of stagnation traps in which weak productivity growth interacts with zero lower

bound and lead to a permanent liquidity trap. Eggertsson et al. (2016) and Eggertsson et al. (2019)

propose a demand-driven explanation of the secular stagnation where persistently low natural rate

of interest results from shocks that alter households’ life-saving decisions. Complementarity to this

literature, I propose a supply-side explanation of the secular stagnation. Shimer (2012) argues

that with perfect real wage rigidities, transitory shocks cause permanent shift in real allocations.

Kaplan and Menzio (2016) propose a model of shopping externalities with steady state multiplic-

ity. Self-fulfilling fluctuations lead to persistent rise in unemployment, consistent with the Great

Recession. Fajgelbaum, Schaal, and Taschereau-Dumouchel (2017) propose a theory of endogenous

uncertainty and illustrates how large temporary shock can be propagated and have permanent im-

pact. Taschereau-Dumouchel and Schaal (2016b,a) illustrate, using Global-game techniques, how

coordination failures among firms lead to steady-state multiplicity in a unique recursive competitive

equilibrium. Different from all these works, the economic mechanism in this paper works through

financial frictions and land price dynamics, in line with historical evidences (Cerra and Saxena,

2008; Reinhart and Rogoff, 2009a,b; Jordà et al., 2015).

Lastly, an important feature of the model is that the household’s borrowing capacity matters for

production as it determines the firm’s ability to accumulate financial assets. Thus, it is broadly

consistent with Mian and Sufi (2011, 2014) who document that during the Great Recession, regions

of the United States that experienced the largest declines in household debt and house prices also

experienced largest drops in consumption and employment. It is particularly related to Giroud and

Mueller (2017) who argue that firm’s balance sheets are crucial in understanding the transmissions

of household-side credit crunch.

2 The Model

In this section I introduce the land consumption channel into a standard real business cycle

model. I then characterize the model and prove the main theoretical result of the paper that

there exists multiple steady states if there is sufficient complementarity between land services and

consumption.

There is a representative household and a representative firm owned by the household. The

commodity space consists of consumption goods, physical capital, labor, and land. Land is modeled

as a factor in fixed supply L̄. The household’s utility depends on consumption, labor and land

service (housing). Goods production requires capital, labor and land. Both the household and

7



the firm can be potentially borrowing constrained and they can use land and capital as a form of

collateral.

Firm Sector The representative firm produces goods using capital, labor and land as inputs.

The production function is given by:

F (zt, kt, n1t, l1t) = zt

[
lγ1tk

1−γ
t

]α
n1−α

1t (2.1)

where zt denotes the level of productivity, kt, n1t,and l1t denote the inputs of capital, labor, and

land, respectively, and the parameter α ∈ (0, 1) and γ ∈ (0, 1) measures the output shares of these

production factors. Capital evolves according to:

kt+1 = (1− δ) kt + it (2.2)

where it is investment at time t and δ is the depreciation rate. Note that kt+1 is chosen at time t

and is predetermined at time t+ 1.

The firm starts each period with certain amount of land holding l1t , capital stock kt, and in-

tertemporal debt b1t. Its production revenue is given by F (zt, kt, nt, l1t). Dividend dt is distributed

after making investment decisions it, debt issuance decisions b1t+1

Rt
, and land allocation decisions

l1t+1. Formally the firm’s budget constraint is given by:

b1t + dt + it + pt (l1t+1 − l1t) ≤ F (zt, kt, n1t, l1t)− wtn1t +
b1t+1

Rt
(2.3)

The financial friction is modeled similar to Mendoza (2010), Jermann and Quadrini (2012), and

Bianchi (2016). Besides issuing intertemporal debt, the firm needs to raise funds with an intra-

period loan to finance working capital. Working capital is required to cover cash flow mismatch

between the payments made to workers, shareholders, bond holders and land holders at the be-

ginning of the period and the realization of production revenues F (zt, kt, n1t, l1t) at the end of the

period. Firm’s total borrowing capacity is limited by a fraction of the collateral asset:

b1t+1

Rt
+ F (zt, kt, n1t, l1t) ≤ ξ1tptl1t+1 + κtkt+1 (2.4)

Under this credit constraint, the firm’s borrowing capacity is limited by a fraction of the value of

the collateral assets-land and capital. Note that the price of capital is equal to one as there is no

variation in the marginal cost of capital. As is standard in the literature, I interpret this types of
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credit constraint as capturing the problem of costly contract enforcement: if the firm chooses to

default and fails to repay the debt, the creditor can seize the collateral assets which are land and

capital. Since it is costly to liquidate the seized assets, the creditor can recover only up to a fraction

of the total values of land and capital. For generalization purposes I allow different pledgeability

for land and for capital, proxied by ξ1t and κt respectively. The coefficients (ξ1t, κt), together with

the coefficient on the household’s borrowing constraint, can be time-varying and their fluctuations

are interpreted as “credit shocks” (Jermann and Quadrini, 2012).

Typically, models with firm-side borrowing constraints need some additional forces to prevent

the firm from issuing too much equity. Otherwise the borrowing constraints cannot be binding

in equilibrium as the firm always can turn to the equity market for financing. Such an equity

issuance constraint is not required here because the household is also borrowing-constrained. The

household-side borrowing constraint effectively puts an upper bound on how much resources the

household can transfer to the firm through equity issuance, thus serving as an “endogenous” equity

issuance constraint. As shown in the characterization section, the household-side and firm-side

borrowing constraint always bind at the same time (proposition 2.2).

The firm’s objective is to maximize the discounted value of dividend streams

max
{b1t+1,kt+1,l1t+1,it,n1t,dt}

E

∞∑
t=0

Mtdt (2.5)

subject to the budget constraint equation 2.3; the law of motion for capital equation 4; the collateral

constraint 2.4. The stochastic discount factor Mt is equal to the household’s equilibrium marginal

utility of consumption. We now turn to describing the household’s problem.

Household Sector The representative household’s utility function is a generalized version of

the Greenwood-Hercowitz-Huffman (GHH) preference, incorporating a taste for land services l2t:

U (ct −G(n2t), l2t) (2.6)

The advantage of using a GHH specification is that it deliver realistic responses of employment

over the business cycle without introducing additional labor market frictions which complicates the

analysis. A critical parameter for the analysis is the degree of complementarity between consump-

tion and land. Thus, we propose a constant elasticity of substitution form(CES form) with respect
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to the (composite) consumption and land services:

U(ĉt, l2t) =

[
ωĉ

1−1/σ
t + (1− ω) l

1−1/σ
2t

] 1−1/η
1−1/σ

1− 1/η
(2.7)

Where ĉt denotes composite consumption ct −G(n2t). ω is the preference weight on consumption.

When ω = 1, it becomes a standard GHH preference. η measures the intertemporal elasticity of

substitution across different periods. σ denotes the intratemporal elasticity of substitution between

(composite) consumption and land services. When σ is small, consumption and land are less

substitutable, or equivalently, more complementarity.

The household starts each period with certain amount of land holding l2t and bonds b2t. His

income include labor income wtn2t and capital income dt. In each period he chooses consumption

and next period land and bond holdings subject to the following budget constraint:

b2t + ct + pt (l2t+1 − l2t) ≤ dt + wtn2t +
b2t+1

Rt
(2.8)

Like the firm, the household is also constrained in borrowing and can use his land holding as

collateral:

b2t+1

Rt
≤ ξ2tpl2t+1 (2.9)

We do not allow the household to accumulate capital. This assumption is made without loss of

generality as capital yields additional productive value if owned by the firm.

The household’s problem is to maximize his discounted lifetime utility:

max
{b2t+1,l2t+1,ct,n2t}

E
∞∑
t=0

βtU (ct −G(n2t), l2t) (2.10)

Subject to the budget constraints 2.8 and the collateral constraint 2.9 and given initial land and

bond holdings. β ∈ (0, 1) is the discount factor.

Market Clearing and Equilibrium A competitive equilibrium is defined in a standard way

in which the firm and the households maximize their respective objectives given market prices, and

the markets for goods, labor, land and bonds all clear. Goods market clearing condition implies

that:

ct + it = yt (2.11)

10



Where yt denotes aggregate output at time t and is equal to F (zt, kt, n1t, l1t). Labor market clearing

implies that:

n1t = n2t (2.12)

Land market clearing implies that:

l1t + l2t = L̄ (2.13)

bonds market clearing implies that:

b1t + b2t = 0 (2.14)

Lastly, the firm’s pricing kernel is equal to the household’s marginal utility:

Mt = βtUct (2.15)

2.1 Optimality Conditions

In this section I examine the household’s and the firm’s optimality condition. Let µft be the

multiplier associated to the firm’s budget constraint 2.3 and µht to the household’s budget constraint

2.8. It is easy to show that in equilibrium they are both equal to the household’s discounted marginal

utility of consumption. Thus we can label this common multiplier µt:

Proposition 2.1

µht = βtUct = Mt = µft := µt

The first equality follows from household first order condition; the second equality is by definition

of equilibrium; and the third equality follows from firm first order condition. Thus, we denote µt

as the unified multiplier for both the household’s and the firm’s budget constraint. Let µtλ
f
t and

µtλ
h
t be the multipliers on the firm’s credit constraint 2.4 and the household’s credit constraint 2.9

respectively. The multiplier is normalized by µt to simplify the exposition.

Then the firm’s first order conditions(FOC) are given by:

(Fnt − wt)µt = Fntµtλ
f
t (labor n1t)

µt = Et[µt+1((1− λft+1)Fkt+1 + (1− δ))] + κtµtλ
f
t (capital kt+1)

µt
Rt

= Et[µt+1] +
µtλ

f
t

Rt
(bonds b1t+1)

ptµt = Et[µt+1((1− λft+1)Flt+1 + pt+1)] + ξ1tptµtλ
f
t (land l1t+1)

11



Where Fxt is the partial derivative of the production function with respect to x and substitute in

time t variables. As in Jermann and Quadrini (2012), Bianchi (2016), and Mendoza (2010), the

credit constraint is closely related to the labor wedge. To see this, note that the first order condition

for labor n1t implies:

λft =
Fnt − wt
Fnt

(2.16)

A binding credit constraint (λft > 0) implies a strictly positive wedge between the marginal product

of labor and wage, because the firm is constrained in hiring. Thus, the credit constraint not only

impacts investment but also have a direct effect on output through the labor channel. This implies

that the collateral constraint can have big impact on output.

The household’s first order conditions are given by:

wtUct = Unt (labor n2t)

µt
Rt

= Et[µt+1] +
λht µt
Rt

(bonds b2t+1)

ptµt = Et[Ult+1 + µt+1pt+1] + ξ2tptλ
h
t µt (land l2t+1)

Where Uxt denotes the partial derivative of the utility function with respect to x and substitute

in time t variables.

Comparing household’s first order conditions and the firm’s first order conditions deliver some

interesting observations. First, compare the firm’s first order condition for bonds b1t+1 and house-

hold’s first order condition for bonds b2t+1, one get:

λft µt
Rt

=
λht µt
Rt

(2.17)

With regular utility function, µt and Rt are always strictly positive. This implies the following

proposition:

Proposition 2.2 the firm’s credit constraint 2.4 binds if and only if the household’s credit con-

straint 2.9 binds:

λft = λht := λt

In this model, the household is the owner of the firm and there is no friction in transferring

resources through equity. Suppose that the firm’s collateral constraint is binding but the household’s
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constraint is not. Then the household would transfer resource to the firm through equity issuance.

This allows the firm to purchase additional financial asset (bonds) so as to relax its collateral

constraint. Likewise, if the household’s collateral constraint is binding but the firm’s is not, the firm

would increase its dividend payout to the household allowing him to relax his collateral constraint.

Thus, the collateral constraint of both parties has to bind at the same time. In view of this result,

we write λt as the unified multiplier on both the firm’s and the household’s collateral constraint.

Sum up the household’s and the firm’s collateral constraint:

b1t+1 + b2t+1

Rt
+ F (zt, kt, n1t, l1t) ≤ ξ1tptl1t+1 + ξ2tpl2t+1 + κtkt+1 (2.18)

Substituting in the bonds market clearing b1t+1 + b2t+1 = 0, we arrive at an aggregate collateral

constraint where production is financed jointly by the household and the firm:

F (zt, kt, n1t, l1t) ≤ ξ1tptl1t+1 + ξ2tpl2t+1 + κtkt+1 (aggregate collateral constraint)

The household’s borrowing capacity matters for the firm because the more the household is able

to borrow, the more financial assets the firm can accumulate. This relaxes the firm’s collateral

constraint and allows for more working capital financing and hence higher output. This implies

that a household’s side credit crunch could also lead to decrease in employment and output through

the firm’s balance sheet, consistent with Giroud and Mueller (2017).

Because the household’s and the firm’s collateral constraint bind at the same time, this could

affect the steady-state interest rate. To see this, note that in a nonstochastic steady state, we can

write the bond’s first order condition as:

1

R
= β +

λ

R

where we get rid of all the time subscripts. This first order condition is the same for both the

household and the firm. This equation implies that there is a negative relation between steady-

state interest rate and tightness of the collateral constraint:

Proposition 2.3 The steady-state interest rate is decreasing in the tightness of the collateral con-

straint (measured by λ)

R =
1− λ
β

(2.19)
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Suppose in some steady state the collateral constraint does not bind, then the interest rate R

is equal to 1/β as in a standard model. If the collateral constraint does bind, there would be a

positive labor wedge w < Fn (equation 2.16). As a result both the household and the firm have

extra incentives to accumulate financial assets, and this drives up asset prices and pushes down the

interest rate. Note that this effect cannot arise when the collateral constraint is imposed only on

one party, in which case the steady-state interest rate is always pinned down by the discount factor

of the unconstrained agent.

In view of this proposition, an important feature of the model is that a constrained steady state,

if it exists, tends to have lower interest rate than an unconstrained steady state. In the next section,

we show that such steady states indeed exist.

3 Steady State Analysis

In this section we illustrate the steady state multiplicity and characterize condition under which

multiple steady states arise. We start by laying out the steady state conditions:

Proposition 3.1 A nonstochastic steady state (c, k, n, l1, l2, p, λ) is characterized by the following

equations:

p = β [(1− λ)Fl(z, k, n, l1) + p] + ξ1pλ (3.1)

p = β

[
Ul
Uc

(c, l2, n) + p

]
+ ξ2pλ (3.2)

1 = β [(1− λ)Fk(z, k, n, l1) + (1− δ)] + κλ (3.3)

0 = λ [ξ2pl2 + ξ1pl1 + κk − F (z, k, n, l1)] , λ ≥ 0 (3.4)

λ =
Fn(z, k, n, l1)− Un

Uc
(c, l2, n)

Fn(z, k, n, l1)
(3.5)

c = F (z, k, n, l1)− δk (3.6)

L̄ = l1 + l2 (3.7)

The first two equations (equation 3.1 and 3.2) are the intertemporal first order conditions of

land for the firm and for the household respectively. For the firm, purchasing land today at price p

(The LHS of equation 3.1) yields three benefits: future productive value (adjusted for the collateral

constraint) β(1− λ)Fl(z, k, n, l1), future capital gain βp, and collateral value ξ1pλ if the constraint

is binding. Likewise for the household, purchasing land yields intrinsic consumption value, future
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capital gain, and possibly collateral value. Equation 3.3 is the intertemporal first order condition

for capital with an additional term κλ capturing the collateral value of capital.

Equation 3.4 is the complementary slackness condition on the aggregate collateral constraint.

Note that there is no bond variables in this equation because any allocation that satisfies this

aggregate collateral constraint can be decentralized with appropriate bond distribution. Equation

3.5 is the expression for the multiplier λ on the aggregate collateral constraint. Equation 3.6 is the

resource constraint and equation 3.7 represents land market clearing.

To characterize the steady state, we use the following strategy: fix any land price p, equations

3.1 through 3.6 solves allocation (c, k, n, l1, l2, λ). This defines an implicit mapping from land prices

to allocations. In particular, denote l1(p) and l2(p) as the implicit mapping from p to l1 and l2.

The interpretation of functions l1(p) and l2(p) is that they represent how firm’s and household’s

demand for land varies with land price p in steady states. Thus, we label l1(p) the firm’s demand

function and l2(p) the household’s demand function. With these demand functions, we can define

an aggregate land demand function L(p) = l1(p) + l2(p).

Proposition 3.2 A vector (c, k, n, l1, l2, p, λ) is a steady state if and only if the associated firm

demand function and household demand function satisfy:

L(p) = l1(p) + l2(p) = L̄

To proceed, we assume that the labor disutility function G takes the following standard form:

Assumption 1 The labor disutility function G takes the following form:

G(n) = χ
n1+1/ν

1 + 1/ν

Where parameter ν is the Frisch elasticity of labor supply. This assumption will be maintained in

the rest of the paper.

We start with the frictionless case where there is no collateral constraint, or equivalently when

the set of loan to value ratios (ξ1, ξ2, κ) are taken to infinity. Not surprisingly, in this case both

the firm’s demand and the household demand function are monotonically decreasing, reflecting

the conventional price effect: demand for land decreases as its price increases. In particular, one

can solve for steady state allocation independent of land prices and back out the land prices from

equation 3.1.

15



Proposition 3.3 (Frictionless case) When there is no collateral constraints, there exists a unique

frictionless steady state denoted by (css, kss, nss, l1ss, l2ss, pss). The land demand function is mono-

tonically decreasing in land price p.

Next, we show that with collateral constraints, it is possible to obtain multiple steady states.

Note that the whole system of equations is continuous and we already have a frictionless steady

state, it suffices to show that there exists another (nontrivial) steady state using the following

statement: there exists p1 < p2 < pss such that L(p1) > 0 and L(p2) < 0. The easy part is to show

that there exists p1 such that L(p1) > 0: take p1 = 0; If κ > 0, there will be positive output despite

tight collateral constraint(equation 3.4); This implies infinite demand for land when its price p1 = 0.

The hard part is to show that there exists a p2 such that L(p2) < 0. This is equivalent to proving

that there exists an upward sloping proportion of the demand function. As shown by the following

lemma, this upward-sloping proportion would come from household demand if consumption and

housing are sufficiently complementary.

Lemma 3.1 Suppose σ is sufficiently small. Then for some combination of loan to value ratios

such that the collateral constraint just holds as equality at pss (but not binding), the left derivative

of household demand l2(p) at p = pss is strictly positive:

l′−2 (pss) > 0

This lemma is the key theoretical result of the paper and requires that the consumption and land

services are sufficiently complementary. To see the intuition, focus on the household first order

condition for land (equation 3.2). Plug in the marginal rate of substitution between consumption

and land into the equation, we obtain:

p = β

[
1− ω
ω

(
ĉ

l2

) 1
σ

+ p

]
+ ξ2pλ

where ĉ denotes composite consumption c − χn1+1/ν

1+1/ν . Rearrange this equation, one sees that the

household demand for land depends on three aspects: consumption benefit, collateral benefit, and

user cost:

β
1− ω
ω

(
ĉ

l2

) 1
σ

︸ ︷︷ ︸
Consumption benefit

+ ξ2pλ︸︷︷︸
Collateral benefit

− (1− β)p︸ ︷︷ ︸
User cost

= 0 (3.8)
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This expression is intuitive. The household demands land as it provides valuable services and

relaxes his borrowing constraint, and in equilibrium these benefits should equate the net cost

(current price minus future discounted price) for holding the land. Note that, the magnitude of

the consumption benefit depends on σ, which captures the degree of complementarity between

(composite) consumption and land in the household utility function. To see this more clearly, move

the collateral benefit term and the net cost term to the right hand side and power both sides with

σ: (
β

1− ω
ω

)σ ĉ

l2
= [(1− β)p− ξ2pλ]σ (3.9)

As land and consumption becomes more complementarity (σ → 0), the right hand side

[(1− β)p− ξ2pλ]σ → [(1− β)p− ξ2pλ]0 = 1, implying that the household demand moves one-

to-one with consumption. This is because the consumption benefit dominates the other two forces

in determining household demand for land. To the extent that a reduction in land price tightens

the collateral constraint and leads to lower output and hence lower consumption, the household

demand for land would be upward-sloping with respect to land price. This is the “land consumption

channel” depicted in figure 2.

It is perhaps suitable at this point to contrast the land consumption channel to existing models

with financial frictions. As summarized in Quadrini (2011), models with financial frictions face

two challenges in generating strong amplification and propagation. First, “...the direct effect of

financial frictions is on investment, not on inputs of labor. This has the potential to generate large

fluctuations in investments, but output is only marginally affected.” Second, “typical macroeco-

nomic models do not generate large asset price fluctuations”(Page 233, Quadrini 2011). These two

concerns are exactly addressed by the two features of the land consumption channel (see figure

2). The working capital specification of the collateral constraint leads to a direct and large im-

pact of land prices on output; a sufficiently high degree of complementarity between land services

and consumption guarantees sizable fluctuations in asset (land) prices. Combining these two fea-

tures, the land consumption channel generates strong amplification and propagation that leads to

steady-state multiplicity.

In theory, large fluctuation in land prices can also originate from the firm sector. Consider the

scenario that land is highly complementarity to other production inputs. This, similar to the land

consumption channel, can also make the firm’s demand for land sensitive to economic fundamental,

leading to an upward-sloping demand function. A potential caveat with this approach is a lack
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Land Price Consumption Household 
Land demand

Collateral Constraint Complementarity

Constraint on working capital
(direct and large impact on output and consumption)

Sufficient Complementarity 
in Household Utility

To obtain upward-sloping demand and multiple steady states

Figure 2: The Land Consumption Channel

of empirical estimates of this elasticity. While there is a literature studying empirical estimates

of substitutability between capital and labor8, few works, if at all, have tried to estimate the

substitutability between land and other production inputs such as equipments and labor. Given

the scarcity of empirical estimates, we adopt the conventional Cobb-Douglas production function

which implicitly assumes a unity elasticity. Under this specification, firm’s demand for land is always

downward-sloping. Thus, for the aggregate demand to be upward sloping, we need the household

demand component to overpower the firm component. This is guaranteed by 1) a sufficiently strong

complementarity between consumption and land and 2) a sufficiently small land share in production

function.

Theorem 1 Suppose σ and γ are sufficiently small. Then for some combination of loan-to-value

ratios, there exists:

1. a unique unconstrained steady state, in which the collateral constraint is slack and

2. at least two constrained steady states, in which the collateral constraints are binding.

The theorem is illustrated in figure 3. It suffices to show that for some combination of the loan to

value ratios, 1) the collateral constraint is slack at the frictionless steady state and 2) there exists

some p1 < p2 < p3 < pss such that L(p1) > 0, L(p2) < 0, and L(p3) > 0. This is depicted as the

solid red curve in figure 3. These statements coupled with continuity implies that there exists a

frictionless steady state A and two other constrained steady states B and C.

The hard part is to find a p2 such that L(p2) < 0. To proceed we first consider an auxilary case

where the collateral constraint just hold as equality at the frictionless steady state A. In this case we

can show that the household demand function is upward-sloping at A by lemma 3.1 (blue dashed

8See, for example, Antràs (2004); Klump et al. (2007); Neiman and Karabarbounis (2014) and Oberfield and
Raval (2014).
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Frictionless steady state A 

Household demand is upward-sloping
𝑙2
′ 𝑝𝑠𝑠 > 0 (Lemma 3.1)

Aggregate land demand function is upward-sloping 
𝐿′ 𝑝𝑠𝑠 = 𝑙1

′ 𝑝𝑠𝑠 +𝑙2
′ 𝑝𝑠𝑠 > 0

Land demand 𝐿 → +∞
as land price 𝑝 → 0

C B

Frictionless land demand is downward-sloping (Proposition 3.3)

𝑝1

𝐿 𝑝1 > 0

𝑝2

𝐿 𝑝2 < 0

𝑝3

𝐿 𝑝3 > 0

Figure 3: Graphical Illustration of Theorem 1

line). Thus the aggregate land demand is also upward-sloping (red dashed line) since the firm

demand is dominated by the household demand, guaranteed by a sufficiently small land share γ.

Thus we can pick a p2 such that in this auxiliary case aggregate demand for land is upward-sloping.

By continuity, we can relax the collateral constraint by a little bit and L(p2) < 0 still holds. In

this case where the collateral constraint is marginally relaxed, we can pick a value of p3 sufficiently

close to the frictionless level pss such that the collateral constraint is slack. By proposition 3.3, land

demand is monotonically decreasing if the collateral constraint slack (gray dashed line in figure 3).

This implies that L(p3) > 0. Lastly, we turn to p1. Note that when capital is pledgeable κ > 0,

output will be strictly positive even if land price p tends to zero. As land is free and consumption

is positive, demand for land tends to positive infinity. Thus we can pick p1 sufficiently close to zero

and get L(p1) > 0.

In view of proposition 2.3, these steady states can be ranked in terms of interest rates.

Corollary 1 The interest rates of constrained steady states are lower than the interest rate of the

unconstrained steady state.
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If a negative shock pushes the economy from the unconstrained steady state to the constrained

one, then the transition would feature a secular decrease in interest rate, consistent with the “Secular

Stagnation Hypothesis”(Summers, 2014). The low interest rate plays an important propagation

role as it prevents the firm from saving out of the collateral constraint. Note that, at the constrained

steady states the firm is a net lender b1t < 0 and the household is a net borrower.

b1t = −b2t = −Rξ2tpl2t < 0

The first equality follows from bond market clearing whereas the second equality comes from the

binding collateral constraint. Although the firm can choose to accumulate financial assets, they are

reluctant to do so as the return to financial assets is very low because of constrained demand for

credit on the household side.

At the constrained steady state, the representative firm is always borrowing-constrained in terms

of financing their working capital. This is not necessarily inconsistent with the fact that many corpo-

rations appear cash-rich and free from borrowing constraints during and after the Great Recession.

While large corporations appear rich in liquidity, other firms such as the small and medium-sized

enterprises and start-ups suffer from limits to borrowing. Moreover, the cash-hoarding behaviors of

large corporations could be due to an insurance motive against the possibility of binding borrowing

constraints in the future. Our story still holds if the insurance motive creates a sufficiently large

wedge between the efficient level of investment/hiring and their actual level.

4 Quantification

This section describes the calibration strategy and presents the quantitative findings. The model

is calibrated to the US economy and most of the model parameters are identified under the as-

sumption that the economy is at the unconstrained steady state before the Great Recession, and

at the stable constrained steady state after the recession. We verify ex-post that this is indeed the

case. The discount factor β is set to 0.99 as the model is calibrated to quarterly frequency. The

intertemporal elasticity of substitution η is set to standard value of 0.5. The labor share 1 − α is

set to 0.65, or α = 0.35. The disutility from work parameter χ is set so that at the unconstrained

steady state labor input is one third. The Frisch elasticity is set to infinity so that the labor cost

function is linear as the indivisible labor case (Rogerson 1988; Hansen 1985).9 The preference

9Micro estimates of the Frisch elasticity are typically less than 1. We will set Frisch elasticity to 0.4 in enriched
version with wage rigidity.
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weight parameter ω and land share parameter γ are calibrated to match: 1) the land value to GDP

ratio of 1.07 and 2) the relative share of residential land (versus commercial land) of 0.55. This

leads to ω = 0.27 and γ = 0.086. The implied gross share of land is γα = 0.0301, consistent with

values used by Liu et al. (2013) and Iacoviello (2005).

The key parameter is the intratemporal elasticity of substitution between consumption and hous-

ing services σ. While studies based on macro-level data find a value (slightly) greater than one

(Davis and Martin, 2009 and Piazzesi, Schneider, and Tuzel, 2007), most studies based on micro-

level data and structural estimation typically find a value between 0.1 and 0.6 (Hanushek and

Quigley (1980), Flavin and Nakagawa, 2008, Siegel, 2008, Stokey, 2009, and Li, Liu, Yang, and

Yao, 2016). I set σ to 0.487 as in Li, Liu, Yang, and Yao (2016). The identification, as argued by

Li, Liu, Yang, and Yao (2016), mainly comes from cross-sectional moments and relatively recent

housing price data.

Next we focus on the collateral constraint. To start, we assume that for the firm land is as

pledgeable as capital (Liu et al. 2013). Denote this common pledgeability parameter as ξ2t, we can

write the aggregate collateral constraint as:

F (zt, kt, n1t, l1t) ≤ ξ1tptl1t + ξ2t (ptl2t + kt+1)

We first calibrate the steady state loan-to-value ratio, ξ1 and ξ2. Because the collateral constraint

does not bind at the unconstrained steady state, we cannot use empirical moments in normal times

to calibrate these two parameters. Instead, we use post-recession moments to identify these two

parameters: 1) ratio of post-recession output and pre-recession output of 94%; 2) relative borrowing

between the household sector and the firm sector. The calibration is summarized in table 1.

Due to the nonlinear feature of the model, I largely follow the global method as in Bianchi (2016)

to solve for the equilibrium. The numerical algorithm produces a unique recursive equilibrium with

the law of motion for capital possessing multiple stationary points. As my main interest is in

explaining the secular stagnation after the Great Recession, I compute a version of the model

without aggregate uncertainty and then study model transitional dynamics after an unexpected

credit shock that resembles the financial market turmoil during the recession.

4.1 Quantitative Result

The law of motion for capital is depicted in figure 4. The unique law of motion is S-shaped with

three steady states. The top one and the bottom one are both locally stable. I label the top steady
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Table 1: Calibration

Parameters Value Source

Discount factor β 0.99 Quarterly model
Intertemporal elasticity η 0.5 Standard
Disutility of working χ 2.41 Steady state labor equal to .33
Frisch Elasticity ν ∞ Indivisible labor
Pref. weight ω 0.27 Land value/GDP= 1.06
Depreciation δ 2.5% Standard
Capital share α 0.35 Standard
Land share γ 0.086 Relative share of commercial land
Intratemporal Elasticity σ 0.487 Micro estimates (e.g. Li et al. 2016)
Loan-to-value ratio ξ1, ξ2 0.032,0.03 Post recession output gap and relative borrowing
Aggregate land stock l̄ 1 Normalization

state the ”good steady state” and the bottom one the ”bad steady state”. The yellow dashed line

depicts the law of motion for capital in a frictionless model without any collateral constraints. The

local behavior of the model around the good steady state is identical to the frictionless model.

When the level of capital declines, land price drops and the collateral constraints start binding.

This leads to the S-shaped portion of the law of motion. When the level of capital is sufficiently

low, the economy converges to the bad steady state. In summary, the economy displays nonlinear

responses to shocks of different sizes. In particular, after a big financial crisis, capital stock gets

destroyed. This tends to push the economy into the gray region and thus the economy would keep

declining and finally converge to the bad steady state even if the negative shock completely goes

away.

In figure 5, I solve for the transitional dynamics of the economy starting at different level of capital

stock, as proxy for recessions of different sizes. This is to illustrate that the model implication on

slow recovery is similar across different types of shocks, as long as they create similar level of

capital losses. The economy recovers quickly after a small recession (yellow dashed line). In this

scenario collateral constraint never binds and the economy behaves just as a frictionless growth

model. Medium recessions (blue dashed line) take significant longer to recover. This is because

it stucks at the constrained region(to the right of the middle unstable steady state in figure 4).

Large recessions push the economy to the left of the middle unstable steady state. As a result, the

economy drift to the bad steady state and never recovers.

For comparison purposes, I also present the transitional dynamics (figure 6) with a relatively

high value of η = 0.8, implying that consumption and land services are more substitutable. At

this value of η there is no multiple steady states. Nonetheless, the law of motion for capital is still
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Figure 4: Law of Motion for Capital

S-shaped, leading to asymmetric recovery speed with respect to small and large recessions. After

recessions that destroy a sufficient amount of capital stock, the economy experiences a prolonged

recovery (red solid line and blue dashed line in figure 6).

The asymmetry patterns presented in figure 5 and figure 6 rely crucially on the movements of

endogenous land price and the associated tightening of the collateral constraint. To illustrate, I

consider an alternative specification where agents’ borrowing capacity is evaluated according to a

“fixed” land price p̄:

F (zt, kt, n1t, l1t) ≤ ξ1tp̄l1t + ξ2t (p̄l2t + kt+1)

I set the value of p̄ to the unconstrained-steady-state level. Note that in this version land price is

still endogenously determined by market clearing. However, the equilibrum land price is not used

to evaluate borrowing capacity. Transitional dynamics of this “fixed-p economy” is presented in

figure 7. The economy works just as a standard Real-business-cycle model with symmetric recovery

speed across recessions of different sizes.

Credit Shocks and the Great Recession

In this part I use the quantitative model to answer the following question: could a severe but
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Figure 5: Transitional Dynamics Under Benchmark Calibration
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This figure plots transition starting with different levels of initial capital. Small recession starts with
99.5% of unconstrained steady state capital. Medium recession starts at 98% and large recession
starts at 96%. The model displays asymmetric responses to recessions of different sizes.

Figure 6: Transitional Dynamics with Less Complementarity η = 0.8
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This figure plots transitional dynamics when land and consumption are more substitutable η = 0.8.
In this case there is no steady-state multiplicity but the law of motion for capital is still S-shaped.
As a result, Medium and Large recessions (Blue dashed and red solid line) can still have prolonged
impact on the economy.
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Figure 7: Transitional Dynamics in “Fixed-p” Economy
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This figure plots transitional dynamics in an alternative model where price of land is fixed in the
collateral constraint (land price is still determined in equilibrium but the quilibrium price is not used
in the constraint). The asymmetric pattern disappears and the recovery speeds are broadly smilar
across recessions of different sizes.

relatively short-lived financial market disturbances like what was observed in 2008-2009 have long-

lasting impact on the economy(Ohanian 2010)? I first follow Jermann and Quadrini (2012) and

consider exogenous tightening of agents’ borrowing constraints as a proxy for financial market

distress. Specifically, I consider an unexpected reduction in the loan-to-value ratios ξ1t and ξ2t

such that the land price drops by 25% during the Great Recession. The drops in ξ1t and ξ2t are

equal percentage-wise and are both fully recovered by the second quarter of 2009 (Figure 8).10 The

required decrease in the loan-to-value ratios is about 15%.

I feed the series of credit shocks into the model and plot the responses of various macro aggregates

in figure 9. The figure shows sharp drops in output, investment, and labor, followed by a quick

reversion during the second half of the recession. This pattern within the recession closely mimic

the behavior of the credit shock.11 When the credit shock vanishes in 2009, however, the economy

settles on a permanently lower level of economic activities. This is because the large credit shock,

10We assume that the shock vanishes at constant rate and pick this rate such that ξ1t and ξ2t recovers to 99.95%
of their respective pre-recession levels.

11As the focus of this paper is on post-recession recovery, we pick a simple exponentially vanishing credit shock
to illustrate the model’s ability to account for the secular stagnation that follows it. In the data, however, macro
aggregates move more gradually in the beginning of the recession. This can be reconciled with a more gradual
deterioration of the credit sector. Results would be similar in terms of recovery speed if similar amount of capital
stock gets detroyed, as shown in figure 5.
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Figure 8: Times Series of Credit Shocks ξ1t, ξ2t
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albeit temporary, leads to a drop in capital sufficiently big to trigger a shift from the unconstrained

steady state to the constrained steady state (see figure 4).

The model is broadly consistent with the behavior of various macro variables in the recovery

phase. It does well in matching the slow recovery pattern of labor. It also roughly matches the

behavior of land price. It captures to some extent the slow recovery in output, but fails to account

for its gradual decline after the recession.12 In terms of investment, the model predicts a decline

and recovery that are both too sharp relative to the data. But the variations in physical capital is

similar in magnitude. Overall the quantitative experiment suggests that a severe temporary credit

shock similar to what we observed in 2008 is able to generate secular stagnation with persistently

low economic activities. Note that, as the economy is pushed to the constrained steady state, we

would also observe a decline in the real interest rate (Proposition 2.3).

4.2 Extended Model with Wage Rigidity and Productivity Shocks

The simulation result from the last section predicts that the economy would settle at the bad

steady state with all macro aggregates converging to a permanently lower level. This is roughly

in line with the data, but with some notable discrepancies. First, detrended output seems to keep

declining after the recession. Second, labor (hours) seems to have a slow but gradual recovery

(figure 1). I thus consider an extended model with additional layers of realism. First, I consider

variations in productivity and feed the productivity series of Fernald (2012) into the model. This

helps to explain the declining aggregate output as productivity growth has been weak since the

end of the recession. Second, I incorporate a down-ward wage rigidity constraint. This serves two

purposes. First, it allows me to use a much lower value of Frisch elasticity of labor supply in line

12The post-recession decline in output could be due to a secular decline in aggregate productivity. We will turn
to this issue in the next section.
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Figure 9: Responses to Credit Shocks in Benchmark Model
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with the micro data, and still obtain significant stagnation after the Great Recession. Second,

it accounts for the slow and gradual recovery of labor as the wage rate slowly adjusts over time.

The extended model also allows me to decompose the sources of stagnation into two components,

one due to the weak growth in productivity (Benigno and Fornaro 2018) and the other due to the

internal propagation driven by the land consumption channel. I conclude that both productivity

decline and the land consumption channel are important drivers of the secular stagnation, with the

latter playing more important role before 2013 and the impact of productivity decline picked up

after that.

I introduce the following downward wage-rigidity constraint:

wt ≥ ζwt−1

The wage adjustment parameter ζ is set to ( 1
1+2%)1/4 ≈ 0.995. This captures the idea that house-

holds are unwilling to accept nominal wage cuts and the inflation rate is around 2%. Note that

calibrating ζ with 2% annual inflation serves as a conservative benchmark given that inflation has

been low in recent years. If inflation is lower, real wage would display greater stickiness, strength-

ening our mechanism. Daly, Hobijn, and Lucking (2012) documents that wage growth has been

strong since the recession started, exactly because inflation has been low. Thus our quantitative

results can be thought of as a lower bound on the strength of our mechanism. The wage rigidity
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Figure 10: Times Series of Productivity Shocks zt
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constraint implies that substantial economic stagnation can result even with relatively low values

of Frisch elasticity, as the response of labor supply is almost irrelevant within an extended period

of time after the recession due to the binding wage rigidity constraint. I set Frisch elasticity to 0.4,

consistent with micro estimates. Other than this, I keep all the model parameters the same as in

table 1.

In terms of productivity shocks, I use the productivity time series constructed by Fernald (2012)

to calibrate productivity shocks (figure 10). I assume that the economy is at the unconstrained

steady state before 2008 and considers both credit shocks (figure 8) and productivity shocks (figure

10) after that. As there is no significant decline in productivity within the recession, the behavior

of the model between year 2008 and 2010 are very close to figure 9. Thus, to focus on recovery

patterns, I plot the model responses starting from year 2010 in figure 11. Table 2 presents some

formal statistics regarding recovery speeds of all variables presented in figure 11. Relative to the

first calibration with no wage rigidity and credit shocks only, the extended model has an improved

quantitative performance in several dimensions. The extended model is able to match the gradual

decline in detrended output after the recession. This is mainly because of the weak productivity

growth as show in figure 10. The model is also able to match exactly the behavior of labor,

in particular its small and gradual recovery (bottom right panel of table 2). This is due to the

slow adjustment of wage rates arising from the wage rigidity constraint. As real wage decreases

slowly, labor recovers a bit in response. The model also does a good job predicting land prices and

investment at relatively longer horizon.

The literature has proposed that the secular stagnation is a result of weak productivity growth

after the recession (see, for example, Benigno and Fornaro, 2018). I thus conduct a decomposition

exercise to study how the internal propagation mechanism proposed in this paper contributes to

the secular stagnation, in addition to productivity decline. The yellow solid line in figure 12 plots

how macro aggregates recover with the productivity shocks held constant. It is labeled as “credit
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Figure 11: Simulation with both Productivity and Credit Shocks
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This figure presents simulation results and compares them with the data starting in the year 2010.
The data part I use the same time series as in Figure 1. For the model part, I feed in the series of
productivity shocks as in figure 10 and credit shocks as in figure 8.

Output Investment

Year 2011 2013 2015 2011 2013 2015

Data -12.7% -35.5% -49.7% 2.9% 26% 35%
Model -10.7% -18.8% -25.6% -54.4% -90.0% -112%

Labor Land Price

Year 2011 2013 2015 2011 2013 2015

Data 4.9% 15.2% 26.9% -24% -25% 13.9%
Model 5.9% 17.9% 28.0% 3.4% 10% 18.6%

Note: the rate of recovery is calculated as the percentage of declined variables recovered relative to the fourth quarter of 2009.
For instance, in 2011 4.9% of the declined labor was recovered (bottom left panel). The rate of recovery for output is negative
as detrened output kept declining after the recession. The model did a particularly good job in matching the behavior of labor.
It also predicts the declining post recession output and the pace of recovery for land price at longer horizon.

Table 2: Comparing Rate of Recovery (Model vs. Data)
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This figure presents simulation results and compares them with the data. For the data part I use
the same time series as in Figure 1. For the model part, I feed in the series of productivity shocks
as in figure 10 and credit shocks as in figure 8. In the ”Credit Shock only” case, productivity is held
constant and only credit shocks are considered.

Figure 12: Simulation

shock only”. Relative to the benchmark model, the model with only credit shocks predicts quicker

recovery of all four variables. Note that, the recovery pattern is very close to the benchmark model

before 2013. After 2013, recovery speed starts to pick up with only credit shocks. This is due to the

wage rigidity constraint being relaxed over time. I conclude that the extended model can explain

a significant part of the secular stagnation, particularly before 2013. Weak productivity growth

plays an important role over longer horizon.

5 Conclusion

This paper proposes and quantifies a theory in which financial frictions and land price dynamics

propagate a temporary crisis event into a prolonged stagnation. The strong propagation comes from

the high sensitivity of land prices with respect to economic fundamental. This sensitivity comes

from a land consumption channel which exploits the fact that land and consumption are highly

complementarity in the households’ preferences. After quantifying the land consumption channel

with micro-level evidence, I find that the model is capable of generating a secular stagnation

similar to the data. The mechanism is also consistent with the persistent surge in labor wedge

and decrease in interest rate. It also predicts that land price drops are correlated with speed of

recovery, consistent with cross-sectional evidence in Schott (2015).
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The theoy is presented in a purposefully simple framework with a representative firm. At the

constrained steady state, the representative firm is always borrowing-constrained. This is not nec-

essarily inconsistent with the fact that many corporations appear cash-rich and free from borrowing

constraints during and after the Great Recession. Firstly, while large corporations appear rich in

liquidity, other firms such as the small and medium-sized enterprises and start-ups suffer from

limits to borrowing. Second, the cash-hoarding behaviors of large corporations could be due to

an insurance motive against the possibility of binding borrowing constraints in the future. Our

story still holds if the insurance motive creates a sufficiently large wedge between the efficient level

of investment/hiring and their actual level. To explore these we need a richer model with firm

dynamics which is beyond the scope of this paper. We leave it to future research.
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A Appendix

A.1 Proposition 3.3

A frictionless steady state (c, k, n, l1, l2, p) is characterized by the same set of equations as in

proposition 3.1, with λ = 0 :

p = βFl + βp

p = β
Ul
Uc

+ βp

1 = β [Fk + 1− δ]

Fn =
Un
Uc

c = F − δk

L̄ = l1 + l2

Comparing the first equation and the second equation, one get that the marginal product of land

has to be equal to the marginal rate of substitution:

Fl =
Ul
Uc

Note that land price only shows up in the first and the second equation and gets cancelled out.

Thus we arrive at a system of equation characterizing (c, k, n, l1, l2) :

Fl =
Ul
Uc

1 = β [Fk + 1− δ]

Fn =
Un
Uc

c = F − δk

L̄ = l1 + l2

Denote the solution to this system of equation (css, kss, nss, l1ss, l2ss). The solution is the steady

state allocation and it is not varying with the land price p. And we can back out pss

pss =
βFl (z, l1ss, kss, nss)

1− β

.
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A.2 Lemma 3.1

We will show that for some combination of the loan-to-value ratios (ξ1, ξ2, κ) , the slope of the

household demand function is positive at p = pss. We consider the case that κ = 0, ξ1 = ξ2 = ξss =
F (z,kss,nss,l1ss)

pssL̄
, so that the collateral constraint holds with equality (but not binds):

ξ1pssl1ss + ξ2pssl2ss = ξsspss (l1ss + l2ss) = ξsspssL̄ = F (z, kss, nss, l1ss)

This implies that for any p < pss, the collateral constraint will be binding. To see this, suppose

the contrary that the collateral constraint is slack. Then we know from proposition 3.3 that output

will be

F (z, kss, nss, l1ss)

which is less than the borrowing capacity

ξsspL̄ < ξsspssL̄ = F (z, kss, nss, l1ss)

Thus, the borrowing constraint has to be binding for any p < pss. With the binding collateral

constraint, we have

λ =
Fn − Un

Uc

Fn
= 1− χn

1
ν

Fn
> 0

Plug this into the capital first order condition(note that κ = 0):

1 = β

[
χn

1
ν
Fk
Fn

+ 1− δ
]

due to the power production function,

Fk
Fn

=
α (1− γ)n

(1− α) k

Plug this into the first order condition

1 = β

[
χn

1
ν
α (1− γ)n

(1− α) k
+ 1− δ

]
Rearrange, we find a relation between capital and labor

k = θkn
1+ 1

ν
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For some coefficient θk.Plug this relation into the production function F

F = zlαγ1 kα(1−γ)n1−α

= zlαγ1

(
θkn

1+ 1
ν

)α(1−γ)
n1−α

= zθ
α(1−γ)
k lαγ1 nα(1+ 1

ν )(1−γ)+1−α = ξsspL̄

where the last equality follows from a binding collateral constraint. This implies that labor is a

power function of land price p and firm holding of land l1 :

n = θnp

1

α(1+ 1
ν )(1−γ)+1−α l

− αγ

α(1+ 1
ν )(1−γ)+1−α

1

For some coefficients θn. In this proof, we will focus on the case where ν →∞ and γ → 0 to simplify

notations. In this case

n = θnp

and thus capital is also linear in p

k = θkθnp

This implies that the composite consumption

ĉ = c− χn
1+ 1

ν

1 + 1
ν

= F − δk − χn
1+ 1

ν

1 + 1
ν

→ ξssL̄p− δθkθnp− χθnp

=
(
ξssL̄− δθkθn − χθn

)
p

= θcp

is linear in land price as well. Note that the coefficient θc must be strictly positive since θc = ĉss
pss
.Now

focus on the household land demand function

p = β

[
1− ω
ω

(
ĉ

l2

) 1
σ

+ p

]
+ ξsspλ

Plug in λ and ĉ

p = β

[
1− ω
ω

(
θcp

l2

) 1
σ

+ p

]
+ ξssp

(
1− χn

1
ν

(1− α) Fn

)
Rearrange, we obtain

p = β
1− ω
ω

(
θcp

l2

) 1
σ

+ βp+ ξssp− ξssp
χn1+ 1

ν

(1− α) ξssL̄p
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p = β
1− ω
ω

(
θcp

l2

) 1
σ

+ βp+ ξssp−
χθnp

(1− α) L̄

Thus we have (
θcp

l2

) 1
σ

= θhp

where θh is some constants. Note that the left hand side captures the consumption benefit term. An

increase in land price p should leads to greater household demand l2. The right hand side captures

the sum of the price effect and collateral benefit, and the net effect presumably is negative. When

σ → 0, the right hand side becomes inconcequential relative to the right hand side, thus this

equation becomes:
θcp

l2
= 1

Thus
dl2
dp

= θc > 0

A.3 Theorem 1

As outlined in the main text, we need to find a combination of loan-to-value ratios, such that the

resulting aggregate land demand function has the following property: 1) the collateral constraint

is slack at pss and 2) there exists p1 < p2 < p3 < pss such that p1 > 0, p2 < 0, p3 > 0.

We will start with picking the value of p2 as it is the hardest part of the proof. We will consider

the auxilary case where the collateral constraint just holds as equality:

ξ1 = ξ2 = ξss =
F (z, kss, nss, l1ss)

pssL̄
, κ = 0

In this case we know that household demand for land is upward-sloping at pss. Next we show that

firm’s demand will be downward-sloping, but its strentgh depend on γ.

The firm demand for land is given by:

p = β [(1− λ)Fl + p] + ξsspλ

Plug in expression of λ = 1− χn
1
ν

Fn

p = β

[
χn

1
ν

Fn
Fl + p

]
+ ξssp

(
1− χn

1
ν

Fn

)

Plug in expression for the marginal productivities, one obtains:

p = β

[
γ (1− α)

α

χn1+ 1
ν

l1
+ p

]
+ ξssp

(
1− χn1+ 1

ν

F

)
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Plug in expressions of n and F as functions of p:

p = β
γ (1− α)

α

χθn
l1

+ βp+ ξssp

(
1− χθnp

ξssL̄p

)
p = β

γ (1− α)

α

χθn
l1

+ βp+ ξssp

(
1− χθn

ξssL̄

)
This implies

p = β
γ (1− α)

α

χθn
l1

+ βp+ ξssp

(
1− χθn

ξssL̄

)
β
γ (1− α)

α

χθn
l1

=

(
1− β − ξss

(
1− χθn

ξssL̄

))
p

l1 =
βγ (1− α)χθn

α
(

1− β − ξss
(

1− χθn
ξssL̄

))
p

Thus the firm demand for land is always monotnically decreasing in land price p. But the slope

vanishes as γ → 0. Thus, when γ is sufficiently small, the aggregate slope of land demand

L′ (pss) = l′1 (pss) + l′2 (pss) > 0

This implies that we can pick a p2 such that this auxilary aggregate demand function L (p2) < 0

Next we increase κ by a marginal amount. This amount is sufficiently small so that L (p2) < 0

still holds. In this case output is strictly less than aggregate borrowing capacity at the frictionless

steady state:

F (z, kss, nss, l1ss) = ξsspssL̄ < ξsspssL̄+ κkss

where the first equality follows from the definition of ξss and the second inequality follows from

κ > 0 and kss > 0. This implies that we can pick a p3 sufficiently close to pss such that for any

value of p ≥ p3, the borrowing constraint is slack. Thus the behavior of the aggregate land demand

function when p ≥ p3 is no different from the frictionless case. Thus we can invoke the proposition

3.3 particularly the monotonic decreasing property we have

L (p3) > L (pss) = 0

Lastly, we pick p1. Given that κ > 0, the economy can still produce strictly positive output even

when land price p→ 0

F = κk > 0

This implies that consumption, labor, and capital are all bounded away from zero as p→ 0. Denote
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this limit allocation (c0, n0, k0) .Plug this allocation into firm’s demand:

p = β [(1− λ)Fl + p] + ξsspλ

p = β

[
χn

1
ν

Fn
Fl + p

]
+ ξssp

(
1− χn

1
ν

Fn

)

p = β

[
γ (1− α)

α

χn1+ 1
ν

l1
+ p

]
+ ξssp

(
1− χn1+ 1

ν

F

)
With p = 0, This expression becomes

β
γ (1− α)

α

χn
1+ 1

ν
0

l1
= 0

Thus, the firm’s demand l1 tends to positive infinity for the equation to hold. Similarly, one

can check that the household demnd for land has to diverge to infinity as well. Thus we have

L (p = 0) = +∞.
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A.4 Various Graphs

1
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Real House Price Index

Constant 2% Growth Trend

S&P/Case-Shiller U.S. National Home Price Index, deflated by GDP deflator

This figure plots the S&P/Case-Shiller U.S. National Home Price Index, deflated by the GDP

deflator, along with its constant growth trend. The growth rate is picked to be 2%, as in Heathcote

and Perri (2018). This is the average growth rate for real GDP per capita between 1947 and 2007.

It is also close to the average growth rate for real house prices between 1975 and 2006 (see Figure

1 in Davis and Heathcote, 2007).

Figure 13: Real Housing Price and its trend
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Lincoln Institute of Land Policy, Davis and Heathcote(2007)

This figure plots the land price index available from the Lincoln Institute of Land Policy,

which is constructed following Davis and Heathcote (2007), using Case-Shiller National Home

Price Index and replacement cost of structures available from BEA. The data is available at

http://datatoolkits.lincolninst.edu/subcenters/land-values/price-and-quantity.asp. For the constant

growth trend, the growth rate of the trend is picked to match the average growth rate of real land

price between 1975 and 1995.

Figure 14: Real Land Price and its trend
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