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Ⅰ. Introduction

Policy funds for Small and Medium Enter- 

prises (SMEs) have continuously expanded 

to compensate for imperfections in the pri-

vate financial market and to support the liq-

uidity of SMEs, increasing from 4.2144 tril-

lion KRW in 2023 to 4.5280 trillion KRW in 

2025 on the basis of the government’s main 

budget. Particularly, the low-interest oper-

ation of policy funds has continued in re-

sponse to the policy needs of SME crisis re-

covery and the alleviation of financial bur-
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den arising from rapid changes in the ex-

ternal environment and economic structure. 

However, since the supply of policy financing 

is determined not by market-based demand 

and supply but by the government’s inter-

vention intentions, an objective standard for 

the appropriate scale of supply is absent.

The structural characteristics of policy 

funds make the estimation of their appro- 

priate scale even more difficult. In a perfectly 

competitive market, demand and supply reach 

equilibrium through prices, but policy funds 

follow an administrative allocation mecha-

nism rather than a market price. Since the 

market does not exist, the demand side is not 

observed. In particular, SMEs with credit 

ratings of BBB- or below face absolute fund 

shortages and willingly demand all available 

funds despite high interest rates, which re-

flects their exposure to a market failure sit-

uation in which they are excluded from the 

market and policy funds become effectively 

their only source of capital.1)

Even when prices fail to perform the mar-

ket-clearing function, the administrative pro- 

cedures of policy fund applications and ap-

provals function as information about de-

mand and supply. The application amount 

serves as a signal of latent demand revealed 

by firms, while the approval amount is the 

outcome of the government’s allocation deci-

sions consolidated into supply. Although the 

policy fund market lacks a price mechanism, 

the information exchange of applications 

and approvals in this market imperfectly 

substitutes for demand and supply.

This study proposes a methodology for 

quantitatively estimating the appropriate 

supply scale by utilizing application and ap-

proval amounts as signals of demand and 

supply in the policy fund market where the 

price mechanism is absent. Specifically, the 

study constructs a structural model employ-

ing Bayesian conditional probabilities to es-

timate the equilibrium trading volume under 

conditions where demand exceeds supply. 

The model constructs the likelihood function 

by combining the conditional probability that 

the observed trading volume under the de-

mand constraint follows the supply function 

with the prior probability that the demand 

constraint holds. Based on this, the model 

parameters are estimated by using the ac-

tually supplied policy fund amounts and ap-

plication amounts as observed data, thereby 

deriving the equilibrium trading volume.

This study is distinguished from prior re-

search in three respects. First, while Kwon 

& Han (2014) and Lee et al. (2015) esti-

mate the funding gap from firm-level data 

through a sales growth-based model or firm 

age-based extrapolation, this study analyzes 

the supply-demand structure of policy funds 

at the macroscopic level using aggregate ap-

1) Under information asymmetry, interest rates can no longer perform the market-clearing function, and credit 
rationing occurs in imperfect information markets. The theoretical foundations of credit rationing under information 

asymmetry are reviewed in Section 2.
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plication and approval amounts. Second, 

whereas the disequilibrium models of Perez 

(1998) and Bauwens & Lubrano (2007) focus 

on verifying the existence of credit rationing 

in commercial credit markets, this study ex-

plicitly models the administrative allocation 

mechanism specific to policy funds, in which 

the application and approval procedures sub-

stitute for the price mechanism. Third, while 

existing studies on policy financing effects 

evaluate the performance of support already 

provided, this study estimates the appro-

priate supply level prior to support, taking 

an ex ante policy evaluation perspective.

The core assumption of this study is that 

the demand elasticity of policy funds among 

SMEs with credit ratings of BBB- or below 

is nearly infinite. This implies that these 

firms are more sensitive to fund availability 

than to interest rates and demand all funds 

supplied regardless of the policy fund inter-

est rate. Consequently, the equilibrium con-

dition holds that the observed trading vol-

ume equals the supply quantity, and the 

constraint that the latent demand quantity 

exceeds or equals the supply quantity is al-

ways satisfied. The latent demand quantity 

is interpreted as constrained demand antici-

pating the policy’s selection mechanism, and 

a certain proportion of the observed applica-

tion amount is interpreted as representing 

the unobserved equilibrium demand.

The appropriate scale is defined as the dif-

ference between the observed supply quan-

tity and the demand quantity predicted by 

the model. This study introduces an adjust-

ment coefficient  to quantify the funding gap, 

calculating the appropriate demand quantity 

as  current supply quantity. The funding gap is 

calculated as  current supply quantity. Therefore, 

when  is 1.5, an additional supply of 50% of 

the current supply is required, and when  is 

2.0, an additional supply of 100% of the 

current supply, that is, doubling the supply, 

is required. The appropriate scale of policy 

funds refers to reducing the gap between 

the predicted demand quantity and the ob-

served supply quantity.

This study provides a basis for judging 

whether the continuously increasing scale of 

policy funds is appropriate by quantitatively 

measuring the scale of policy intervention in 

market failure areas. Through a structural 

approach that reflects the funding access 

constraints of SMEs with credit ratings of 

BBB- or below, the study measures the ra-

tional demand in areas where access to pri-

vate finance is limited and empirically ana-

lyzes the gap between demand and supply of 

policy funds. This allows for examining the 

rational basis for the continuous expansion 

of policy funds and evaluating the validity 

of the increase and continuation of policy 

fund supply.

The remainder of this paper is organized 

as follows. Section 2 reviews prior research 

on the estimation of the appropriate scale of 

policy funds. Section 3 presents the struc-

tural model employing Bayesian conditional 

probabilities and the truncated normal dis-
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tribution-based estimation method. Section 4 

describes the data used in the analysis, includ-

ing policy fund supply, application amounts, 

and macroeconomic variables. Section 5 pres-

ents the model estimation results and the 

funding gap analysis. Section 6 concludes 

the study.

Ⅱ. Literature Review

Research on the SME funding gap has de-

veloped in various directions, including the 

theoretical foundations established by the 

OECD (OECD, 2006), credit rationing theo-

ry (Stiglitz & Weiss, 1981), disequilibrium 

econometric models (Bauwens & Lubrano, 

2007; Perez, 1998), and policy financing ef-

fect analysis. OECD (2006) defines the sit-

uation in which SMEs cannot raise funds 

from the formal financial system that they 

can productively utilize as a “financing gap,” 

attributing its causes to information asym-

metry and collateral shortage. Stiglitz & 

Weiss (1981) propose that under information 

asymmetry, credit rationing rather than in-

terest rate adjustment can become a charac-

teristic of market equilibrium. This proposi-

tion builds on the foundational analysis of 

Rothschild & Stiglitz (1976), who show that 

adverse selection prevents competitive mar-

kets from clearing through price under 

asymmetric information, and is further de-

veloped by Jaffee (1968) and Keeton (1979), 

who formalize credit rationing as an equili-

brium phenomenon in imperfect information 

markets. These studies provide the theoret-

ical foundation for funding gap analysis and 

present the basic analytical framework for 

understanding SME financial constraints 

from the perspectives of information asym-

metry and credit rationing.

Research analyzing credit markets using 

disequilibrium models (Bauwens & Lubrano, 

2007; Perez, 1998) has developed method-

ologies that explicitly model demand and 

supply functions to identify credit rationing 

situations. Perez (1998), based on the mod-

el of Greenwald & Stiglitz (1990), estimates 

three market states (complete equilibrium, 

complete credit rationing, and mixed) and 

verifies the existence of credit rationing in 

firm-level data through likelihood ratio tests. 

Bauwens & Lubrano (2007) propose a dy-

namic disequilibrium model combining Bayesian 

inference and data augmentation techniques 

for latent variables, applying it to the Polish 

credit market. These studies focused on ver-

ifying the existence of credit rationing but 

did not explicitly address the particularities 

of the policy fund market, especially the ad-

ministrative allocation mechanism and struc-

tural excess demand. The structural evolu-

tion of financial service provision has sepa-

rately been analyzed at the industry level, 

tracing how service and process innovations 

reshape the delivery of financial functions 

(S. Kim & K. Kim, 2020).

Related case-based research has examined 
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how young ventures sustain growth despite the 

financial and survival constraints they face 

during early scaling (Y. Kim & Lee, 2018).

Among domestic research, Kwon & Han 

(2014) estimated a logit model using appli-

cation and rejection data of financial sup-

port from the Small and Medium Business 

Corporation, and applied a sales growth- 

based model that calculates funding demand 

under the assumption of maintaining a con-

stant asset utilization rate during sales 

growth to estimate the funding gap. The 

analysis showed that approximately 70% of 

computable firms exhibited positive funding 

gaps, with the median funding gap ratio to 

assets ranging from 5 - 12%.

Lee et al. (2015) used firm age as a re-

duced-form indicator of information asym-

metry to estimate the financing gap. After 

estimating the borrowing scale of firms with 

more than 10 years of business history, they 

extrapolated this to firms with less than 10 

years of business history to calculate the 

counterfactual borrowing scale, defining the 

financing gap as the difference from actual 

borrowings. The analysis estimated that 

approximately 28 trillion KRW of financing 

gap exists for SMEs with less than 10 

years of business history across the entire 

economy.

Domestic studies on the effects of policy 

financing (Bin & Park, 2017; Hong & Kim, 

2015; Jung, 2009; Kang & Jung, 2006) an-

alyze the impact of policy financing support 

on the profitability and growth of SMEs by 

employing treatment effect methodologies or 

panel analysis. Kang & Jung (2006) reports 

that financial support through expanded 

loan size after the foreign exchange crisis 

contributed to enhancing the profitability 

and growth of innovative SMEs, particularly 

those with shorter business histories, while 

support for general SMEs had no effect. Bin 

& Park (2017) applied treatment effect 

methodologies to analyze approximately 100 

policy financing programs from central gov-

ernment ministries and local governments, 

reporting that a substantial number of pro-

grams showed positive effects on sales 

growth rate and employment growth rate, 

while effects on return on equity were mini-

mal or negative. These studies focused on 

evaluating policy financing effects based pri-

marily on business performance and did not 

attempt to estimate the appropriate supply 

level of policy funds. Beyond performance 

evaluation, prior research has emphasized 

that government policy decisions strongly 

shape the strategic behavior and resource 

allocation of public institutions, under-

scoring the public dimension of policy-driven 

finance (Park et al., 2020).

This study differs from existing research 

in the following respects. First, it adopts a 

structural model approach that explicitly 

models policy fund demand and supply 

functions. Unlike the sales growth-based 

method of Kwon & Han (2014) or the firm 

age-based extrapolation method of Lee et al. 

(2015), this study explicitly specifies the 
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determinants of demand and supply using 

macroeconomic variables such as GDP, lend-

ing rates, and SME business indices, along 

with variables that determine the opera-

tional environment of policy financing such 

as budgets, fund formation, and monetary 

policy, and models the structural relation-

ships among these variables. Second, this 

study presents a methodology to estimate 

the equilibrium trading volume under de-

mand constraint conditions through Bayesian 

conditional probability decomposition. This is 

similar to the Bayesian disequilibrium model 

of Bauwens & Lubrano (2007) but in-

troduces the assumption that the policy 

fund demand of SMEs with credit ratings of 

BBB- or below structurally exceeds supply, 

reflecting the particularities of the policy 

fund market. Third, this study analyzes the 

overall supply-demand structure of policy fi-

nancing by utilizing aggregate variables of 

policy fund applications and approvals. 

Unlike existing studies that use individual 

firm-level data, this approach provides a 

foundation for evaluating the appropriate-

ness of policy financing operation scale from 

a macroscopic perspective. Fourth, while ex-

isting studies on policy financing effects 

(Bin & Park, 2017; Kang & Jung, 2006) 

have focused on evaluating support perform-

ance under the premise that support has 

been provided, this study raises the dis-

cussion on the appropriate supply level of 

policy funds, that is, the appropriateness of 

support itself, prior to evaluating the out-

comes of support, which carries substantial 

policy implications.

Ⅲ. Methodology

3.1 Structural Model Using Bayesian 

Conditional Probability

Since latent demand is not observed in 

policy fund supply while only the supply 

quantity is observed, this study estimates 

the latent demand using Bayesian conditional 

probability decomposition. The core of the 

Bayesian estimation method in this study is to 

derive the probability distribution of un-

observed variables by combining observable in-

formation with prior information. According to 

Bayes’ theorem ｜  ｜×｜, 

the joint probability of the observed approval 

amount and the demand constraint condition 

is decomposed as follows.


 ≥｜  ｜ ≥

× ≥｜

Here,  is the vector containing all param-

eters of the model.  ｜ ≥  is the 

conditional probability that the observed ap-

proval amount  follows the supply func-

tion under the demand constraint condition, 

while   ≥ ｜ is the prior probability 

that the demand constraint where demand 

exceeds supply holds. Through this decom-

position, the observable supply quantity in-
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formation and the structural assumption of 

the demand constraint can be explicitly re-

flected in the model.

3.2 Specification of Demand and Supply 

Functions

The demand function for policy funds is 

composed of macroeconomic variables that 

affect the funding demand of SMEs. The de-

mand function is specified as follows.

Here,  is the latent policy fund demand 

at time , and GDP reflects the overall level 

of economic activity. The SME lending rate 

is a financial cost factor that affects policy 

fund demand, and the SME Business Survey 

Index (BSI) is a sentiment indicator that 

affects funding demand. SME credit con-

ditions reflect the ease of borrowing, and 

the error term  represents stochastic fac-

tors not included in the model. The error 

term is assumed to follow a normal dis-

tribution .

The supply function is composed of varia-

bles that reflect the government’s fiscal pol-

icy and the conditions for policy fund 

procurement. The supply function is speci-

fied as follows.

Here,   is the policy fund supply quan-

tity at time . The SME budget share re-

flects policy intent and resource allocation 

priorities, while government spending to 

GDP indicates the expansionary nature of 

government finance. The Korea Treasury 

Bond (KTB) yield reflects the government’s 

borrowing cost and opportunity cost for pro-

curing policy funds, while the Composite 

Leading Indicator (CLI) is a proxy indicator 

for the need for the policy authority to re-

spond to economic conditions. The error 

term  is assumed to follow a normal dis-

tribution .

3.3 Modeling the Demand Constraint 

Through the Truncated Normal 

Distribution

Due to the structural characteristics of 

policy fund supply, a constraint exists that 

the demand of SMEs with credit ratings of 

BBB- or below always exceeds supply. To 

explicitly reflect this constraint, this study 

employs a truncated normal distribution 

model. Unlike the general normal dis-

tribution, the truncated normal distribution 

assumes that values outside a specific inter-

val are not observed and rescales the proba-

bility distribution within the observable 

interval. Since the general normal dis-

tribution allows the possibility that demand 
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may be smaller than supply, this structural 

constraint needs to be reflected in the prob-

ability distribution. Therefore, this study 

assumes a truncated normal distribution in 

which demand exceeds supply by at least .

Here,  is the expected value of the 

original untruncated demand function, and 

the truncation point is set to  .   is the 

minimum excess demand parameter, repre-

senting the minimum level of excess demand 

for policy funds. This setting indicates that 

demand is observed only at values greater 

than or equal to supply plus .

The expected value of the truncated nor-

mal distribution requires adjustment due to 

truncation, unlike that of the original nor-

mal distribution. The mean of the truncated 

demand is calculated as follows.

Here,  is the inverse Mills ratio, a sta-

tistic used for adjusting the mean of the 

truncated distribution, defined as 

.  is the standardized truncation 

point.  is the probability density func-

tion of the standard normal distribution, 

and  is the cumulative distribution func-

tion of the standard normal distribution.

3.4 Utilization of Application Amount 

Information

The unobserved latent demand , while 

indirectly estimated through the model, can 

exhibit large variability. To limit this varia-

bility and secure estimation stability, this 

study additionally utilizes application amount 

data. This study assumes that the applica-

tion amount  is observed as a fixed pro-

portion  of the latent demand , reflecting 

this in the model in the form    ·  .

Accordingly, when assuming that the sup-

ply quantity  and application amount  

are conditionally independent under the de-

mand constraint condition, the Bayesian 

conditional probability decomposition is ex-

tended from two components to three com-

ponents as follows.2) In addition to the ex-

isting supply likelihood ｜ ≥  and 

truncation probability  ≥ ｜, the ap-

plication likelihood ｜ ≥    is added. 

The application likelihood represents the 

probability that the observed application 

amount reflects the truncated demand.

2) The assumption that the supply quantity  and application amount  are conditionally independent under the 

demand constraint condition is difficult to consider fully valid due to factors such as the influence of common 

macroeconomic factors, policy responses to application scale, and interactions in which approval rates decrease or 
approval amounts are adjusted when applications are excessive under limited budgets. However, this assumption is 

adopted as a technical constraint for identifying the parameters of the demand and supply functions in the 

structural model, in order to ensure the estimability of the model.
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3.5 Construction of the Likelihood Function

Combining the three components of the 

Bayesian model, the final likelihood function 

is constructed as follows.

The first term, the supply likelihood, rep-

resents the probability that the observed 

approval amount under the demand con-

straint situation follows the supply function.  

 is the probability density func-

tion of a normal distribution with mean   

and variance 
. The second term, the trun-

cation probability, represents the prior 

probability that the situation in which de-

mand exceeds supply occurs. The third 

term, the application likelihood, represents 

the probability that the observed application 

amount follows a normal distribution with a 

mean of  times the truncated demand and a 

variance of 
 . Here,  is the application 

coefficient that functions as a filter for ex-

tracting pure demand information from the 

application amount.

The parameters to be estimated finally 

consist of the demand function coefficients 

    , the supply function coefficients 

    , the variance parameters of 

each equation 
  

  
 , the application co-

efficient , and the excess demand parame-

ter , totaling 15 parameters. These param-

eters are estimated through maximum like-

lihood estimation, and the estimated param-

eters are used to calculate the latent de-

mand and policy fund gap at each time 

point.

Ⅳ. Data

4.1 Data Composition and Scope

The analysis period of this study is 2000 

to 2024, totaling 25 years. Policy fund data 

from the Korea SMEs and Startups Agency 

(KOSME) covers approval amounts and ap-

plication amounts from 2003 to 2024, and 

missing data from 2000 to 2002 were sup-

plemented using data from economically sim-

ilar adjacent time points.3) Macroeconomic 

variables such as GDP, the SME lending 

3) Missing data were supplemented through an economic similarity-based estimation method. This estimation method 

is based on the assumption that application and approval patterns are similar in similar economic situations. 

Specifically, a distance function was used to identify time points economically similar to the missing year. For the 
application amount, the distance

   
between the missing year  and the reference year  was calculated using demand-related variables, namely the 
SME lending rate, the SME BSI difference, and the SME credit conditions difference. The closer the distance, the 

more similar the economic situation was judged to be, so the reciprocal of the distance was defined as similarity, 
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rate, the SME BSI, SME credit conditions, 

the KTB yield, and the CLI were extracted 

from the Bank of Korea ECOS system, while 

fiscal data such as the SME budget share 

and government spending to GDP were 

sourced from the fiscal statistics of the 

Korea Public Finance Information Service 

and the IMF WEO database.4)

4.2 Policy Fund Variables

The mean application amount of policy 

funds is 7.05 trillion KRW and the mean 

approval amount is 4.12 trillion KRW, with 

the application amount being 1.71 times the 

approval amount. The standard deviations 

of the application amount and approval 

amount are 1.58 trillion KRW and 1.01 

trillion KRW respectively, indicating that 

the variability of the application amount is 

greater.

Table 1 presents the descriptive statistics 

of policy fund variables. The median appli-

cation amount is 6.83 trillion KRW and the 

median approval amount is 4.25 trillion 

KRW. The application amount ranges from 

5.05 trillion KRW to 11.81 trillion KRW, 

and the approval amount ranges from 2.91 

trillion KRW to 6.29 trillion KRW.

Figure 1 presents the time series trend of 

    and the similarity of each reference year was divided by the sum of all similarities to calculate weights. The 
application amounts for the missing years 2000 to 2002 were estimated as weighted averages of the application 

amounts for each year from 2003 to 2006 using these weights. The approval amounts were estimated in the same 

manner using the supply-related variables, namely the KTB yield and the CLI difference.
4) GDP uses real GDP extracted from the Bank of Korea ECOS table 200Y106, and the SME lending rate uses the 

deposit bank SME lending rate from the Bank of Korea ECOS table 121Y006. The annual average SME BSI 

difference was calculated by converting the SME business performance BSI from the Bank of Korea ECOS table 
512Y013 to year-on-year differences and aggregating monthly data into annual averages, with missing data from 

2000 to 2002 estimated through a robust linear regression model using the CLI as an explanatory variable. The 

annual average SME credit conditions difference was calculated by converting quarterly data from the Bank of 
Korea ECOS table 514Y001 lending behavior survey to year-on-year differences and aggregating into annual 

averages, with missing data from 2000 to 2002 estimated by the same method. In addition, the SME budget share 

was calculated by processing the central government fiscal execution data from the fiscal statistics of the Korea 
Public Finance Information Service to derive the share of industry and SME sectors in the total government 

budget, with missing data from 2000 to 2006 estimated through a robust linear regression model using the SME 

BSI as an explanatory variable. Government spending to GDP uses the general government total expenditure ratio 
from the IMF WEO database. The KTB 3-year yield uses the annual average KTB 3-year yield from the Bank of 

Korea ECOS table 721Y001. The annual average CLI difference was calculated by converting the cyclical 

component of the CLI from ECOS 901Y067 to year-on-year differences and aggregating monthly data into annual 
averages.

Variable Mean Median SD Min Max

Application Amount 7.05 6.83 1.58 5.05 11.81

Approval Amount 4.12 4.25 1.01 2.91 6.29

* Unit: trillion KRW

<Table 1> Descriptive Statistics of Policy Fund Variables
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policy fund variables. The time series fluctu-

ations of policy fund variables show a close 

association with the business cycle. The ap-

proval amount ranges from 2.91 trillion KRW 

in 2003 to 6.29 trillion KRW in 2020, show-

ing counter-cyclical expansion to 5.95 trillion 

KRW and 6.29 trillion KRW at the financial 

crisis of 2009 and the COVID-19 pandemic of 

2020, respectively. The application amount 

also shows a similar pattern, maintaining an 

average of 1.73 times the approval amount.

4.3 Demand Function Explanatory Variables

Table 2 presents the descriptive statistics 

of demand function explanatory variables. 

GDP continuously grew from 998.29 thou-

sand-trillion KRW in 2000 to 2,292.20 

thousand-trillion KRW in 2024. The SME 

lending rate shows a downward trend from 

7.95% in 2000 to 2.97% in 2020. The SME 

BSI difference fluctuates between -13.67 in 

2012 and 21.42 in 2010, 2021, while the 

SME credit conditions difference fluctuates 

between -36.75 in 2003 and 34.25 in 2009, 

reflecting business cycle fluctuations.

Figure 2 presents the time series trends of 

demand function explanatory variables. GDP 

continuously increased throughout the anal-

ysis period, while the SME lending rate 

Variable Mean Median SD Min Max

GDP 1,667.99 1,677.09 402.53 998.29 2,292.20

SME Lending Rate 5.28 5.65 1.39 2.97 7.95

SME BSI Difference -1.08 -2.33 8.85 -13.67 21.42

SME Credit Conditions Difference -1.12 -0.83 15.55 -36.75 34.25

* GDP in thousand-trillion KRW, lending rate in %, others in year-on-year difference

<Table 2> Descriptive Statistics of Demand Function Explanatory Variables

<Figure 1> Time Series Trend of Policy Fund Variables
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gradually declined from high levels in the 

early 2000s, reaching its lowest level in the 

early 2020s before rising again. The SME 

BSI difference and credit conditions differ-

ence fluctuate with the business cycle, ex-

hibiting particularly large variations at the 

financial crisis of 2009 and the COVID-19 

pandemic of 2020.

4.4 Supply Function Explanatory Variables

Table 3 presents the descriptive statistics 

of supply function explanatory variables. 

The SME budget share was at the normal 

level of 7.7% but surged to 29.01% in 2022. 

Government spending to GDP fluctuates be-

tween 15.89% in 2002 and 26.68% in 2022, 

reflecting fiscal expansion during crises. The 

KTB yield fluctuates between 0.99% in 

2020 and 8.30% in 2000, while the CLI dif-

ference shows an average of 2.78, indicating 

that expectations of economic improvement 

generally prevailed, yet exhibits consid-

erable variability with a standard deviation 

<Figure 2> Time Series Trends of Demand Function Explanatory Variables

Variable Mean Median SD Min Max

SME Budget Share 8.83 7.88 4.56 5.71 29.01

Govt Spending to GDP 19.57 18.81 2.61 15.89 26.68

KTB 3Y Yield 3.55 3.57 1.73 0.99 8.30

CLI Difference 2.78 2.59 1.45 -0.27 6.37

* Budget share and government spending in %, KTB yield in %, CLI in year-on-year difference

<Table 3> Descriptive Statistics of Supply Function Explanatory Variables
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of 1.45.

Figure 3 presents the time series trends of 

supply function explanatory variables. The 

SME budget share surged at the COVID-19 

pandemic of 2020, and government spending 

to GDP also shows an expansionary pattern 

during crisis periods. The KTB yield shows 

a downward trend from the early 2000s be-

fore rising again in the early 2020s. The 

CLI difference fluctuates reflecting the busi-

ness cycle.

Ⅴ. Results

5.1 Model Estimation Results

The structure of SME policy fund demand 

and supply was estimated through the trun-

cated normal distribution model.5) A total of 

15 parameters were estimated for 25 obser- 

vations. To prevent numerical instability 

arising from scale differences across varia-

bles, all explanatory variables were trans-

formed into standardized scores.6)

<Figure 3> Time Series Trends of Supply Function Explanatory Variables

5) Estimation employed the LBFGSB (Limited-memory Broyden-Fletcher-Goldfarb-Shanno with Box constraints) 

optimization algorithm. LBFGSB is a quasi-Newton method specialized for nonlinear optimization problems with 
constraints, exhibiting excellent memory efficiency and convergence stability. To satisfy the constraint that 

variance parameters must always be positive, this study estimates the log values of variances and uses their 

exponential transformation when computing the likelihood function, and imposes range constraints on the 
application coefficient in the form of box constraints. The log-likelihood value of the model is -48.64, with AIC of 

127.3 and BIC of 145.6. Further details are available upon request from the author.

6) Standardization was performed as                                        This enables direct comparison of the influence 
of each variable and improves the convergence speed of the optimization algorithm.
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Table 4 presents the estimation results of 

the truncated normal distribution model. In 

the demand function, the GDP coefficient of 

0.564 and the lending rate coefficient of 

-0.398 are statistically significant, confirm-

ing that economic growth and interest rate 

fluctuations are key determinants of policy 

fund demand. In the supply function, the 

government spending coefficient of 0.459, 

the base rate coefficient of -0.341, and the 

business cycle coefficient of 0.298 are sig-

nificant, confirming that fiscal policy and 

monetary policy serve as primary determi-

nants of supply. The application coefficient 

is estimated at 0.550, suggesting that ap-

proximately 55% of the application amount 

contains pure demand information.

5.2 Interpretation of Demand Function 

Parameters

The GDP coefficient is estimated at 0.564 

(< 0.01), indicating that a one standard 

deviation increase in standardized GDP is 

associated with a 0.564 standard deviation 

increase in policy fund demand, demonstrat-

ing a strong positive relationship. This con-

firms the co-movement of funding demand 

with SME investment expansion and in-

creased economic activity, and reflects the 

pro-cyclical demand characteristic in which 

policy fund demand expands during periods 

Parameter Estimate Parameter Estimate 

Demand Intercept 0.360* Base Rate -0.341*

(0.156) (0.138)

GDP 0.564** CLI 0.298*

(0.160) (0.097)

Lending Rate -0.398** Supply Variance (sigma_S, log) -0.685***

(0.103) (0.142)

BSI 0.114 Application (gamma) 0.550*

(0.066) (0.186)

Credit Conditions 0.089 Application Variance (sigma_A, log) -0.209

(0.100) (0.143)

Demand Variance (sigma_D, log) -4.605*** Excess Demand (delta, log) -4.605

(0.131) (4.896)

Supply Intercept -0.044 Num.Obs. 25

(0.100) Log.Lik. -48.644

Budget Share 0.014 AIC 127.3

(0.063) BIC 145.6

Govt Spending 0.459*

(0.169)

* p<0.05, ** p<0.01, *** p<0.001

<Table 4> Truncated Normal Distribution Model Estimation Results (Standardized Variables)



A Market Without a Market: Estimating the Appropriate Scale of Policy Funds 41

of economic growth.

The SME lending rate coefficient is esti-

mated at -0.398 ( < 0.01), indicating that 

a one standard deviation increase in the 

standardized lending rate is associated with 

a 0.398 standard deviation decrease in poli-

cy fund demand. This contradicts the eco-

nomic intuition that demand for relatively 

low-cost policy funds should increase when 

market interest rates rise. This result can 

be interpreted as follows. When interest 

rates rise, the overall financial market con-

tracts and policy fund screening standards 

are also likely to be strengthened, which in 

turn contracts firms’ fund procurement and 

decreases policy fund demand. While this 

result contradicts the typically expected 

substitutability relationship between policy 

funds and market funds, it can be interpreted 

as the overall investment contraction effect 

from interest rate increases overwhelming 

the substitution effect. In other words, firms 

perceive rising interest rates as a signal of 

economic slowdown and maintain a con-

servative attitude toward leveraged business 

expansion. The actual data also exhibits a 

correlation of -0.844 between policy fund 

approval amounts and the SME lending 

rate, consistent with the estimation result.

The SME BSI coefficient is 0.114 and the 

credit conditions coefficient is 0.089, both 

showing positive signs but not statistically 

significant.

5.3 Interpretation of Supply Function 

Parameters

The government spending coefficient is es-

timated at 0.459 ( < 0.05), indicating that 

a one standard deviation increase in stand-

ardized government spending to GDP is as-

sociated with a 0.459 standard deviation in-

crease in policy fund supply. This reflects 

the tendency for policy funds to expand dur-

ing periods of expansionary fiscal stance.

The base rate coefficient is estimated at 

-0.341 ( < 0.05), indicating that a one 

standard deviation increase in the stand-

ardized KTB yield is associated with a 

0.341 standard deviation decrease in policy 

fund supply. This is interpreted as the gov-

ernment taking a passive stance toward ex-

panding policy funds due to increased bor-

rowing costs. Accordingly, policy fund sup-

ply also decreases during monetary policy 

tightening periods, indicating a synchroniza-

tion tendency between monetary and fiscal 

policies.

The CLI coefficient is 0.298 ( < 0.05), in-

dicating that a one standard deviation im-

provement in the CLI is associated with a 

0.298 standard deviation increase in policy 

fund supply. This reflects the tendency for 

policy funds to expand when economic pros-

pects improve.

The budget share coefficient is estimated 

at 0.014 but is not statistically significant.
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5.4 Interpretation of Application and Excess 

Demand Parameters

The application coefficient is estimated at 

0.550 ( < 0.05), indicating that approx-

imately 55% of the application amount re-

flects equilibrium demand. The remaining 

45% can be regarded as noise arising from 

institutional distortions or application prac- 

tices.7)

The excess demand parameter is estimated 

at -4.605 ( > 0.05), yielding a very small 

value of    ≈.8) This implies 

that the threshold of the truncation con-

dition is located very close to the supply 

level. A small  indicates that the model’s 

truncation condition is satisfied even when 

demand only marginally exceeds supply.

5.5 Funding Gap Analysis

The funding gap represents the difference 

between SMEs’ latent policy fund demand 

and actual supply, serving as an indicator 

that quantifies the funding access con-

straints due to market failure. The magni-

tude of the funding gap is evaluated by 

comparing the predicted demand and supply 

values estimated from the model with the 

actual approval amounts.

The funding gap analysis, converting the 

standardized model estimates back to their 

original scale, yields predicted demand of 

2.92 trillion KRW in 2000, continuously in-

creasing to 5.58 trillion KRW in 2024. 

Predicted supply surged to 5.69 trillion 

KRW and 6.19 trillion KRW in 2020 and 

2021, respectively.

The demand-based average  (the ratio of 

predicted demand to actual approval) is 

1.36, suggesting that latent demand exceeds 

actual approval by 35.5%. The supply-based 

average  is 1.24, indicating 24.0% of ca-

pacity relative to the actual supply. The ap-

propriate supply of policy funds meets this 

latent demand, with the appropriate supply 

quantity corresponding to a -1 multiple 

expansion of the actual supply. The annual 

average demand gap over the observation 

period is 1.07 trillion KRW, indicating that 

additional supply meeting this gap is re-

quired for the appropriate supply of policy 

funds.

During the economic crises of 2009 and 

2020 - 2021, actual approval amounts of 

4.81 trillion KRW in 2009, 5.86 trillion 

KRW in 2020, and 5.54 trillion KRW in 

2021 exceeded the predicted values, con-

7) The application serves as an information filter for extracting latent demand. Applications are not pure demand but 

complex constructs encompassing the results of institutional learning and optimal responses under information 
constraints. Therefore, it is appropriate to interpret applications not as direct indicators of demand but as noisy 

signals of demand. Firms learn that the government approves only a fixed proportion of the application amount 

without knowing the approval probability, and as an adaptive response, may apply for amounts exceeding their 
actual demand to obtain a target approval amount. In other words, the application amount can be understood as 

the equilibrium demand divided by the expected approval rate.

8) To satisfy the constraint   , the model estimates  as the exponential function value of a log parameter.
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Year
Predicted

Demand

Predicted

Supply

Actual

Approval

Demand

Gap

Supply

Gap

Demand

Lambda

Supply

Lambda

2000 2.92 2.76 1.57  1.35  1.19 1.86 1.76
2001 2.95 2.69 2.09  0.86  0.60 1.41 1.29
2002 3.59 3.55 1.83  1.76  1.72 1.96 1.94
2003 3.31 3.28 2.54  0.78  0.74 1.31 1.29
2004 3.88 3.79 2.90  0.98  0.89 1.34 1.31
2005 4.09 3.62 3.19  0.90  0.43 1.28 1.13
2006 4.00 3.74 2.82  1.18  0.93 1.42 1.33
2007 3.74 3.66 2.87  0.87  0.80 1.30 1.28
2008 3.47 3.43 2.63  0.83  0.80 1.32 1.30
2009 4.47 4.16 4.81 -0.35 -0.65 0.93 0.87
2010 4.68 4.00 3.11  1.57  0.88 1.50 1.28
2011 4.35 3.68 3.06  1.29  0.62 1.42 1.20
2012 4.30 3.92 3.09  1.21  0.83 1.39 1.27
2013 4.82 4.22 3.85  0.97  0.37 1.25 1.10
2014 5.00 4.35 2.92  2.08  1.43 1.71 1.49
2015 5.17 4.64 3.72  1.45  0.92 1.39 1.25
2016 5.24 4.48 4.22  1.02  0.26 1.24 1.06
2017 5.69 4.74 4.27  1.42  0.47 1.33 1.11
2018 5.55 4.40 4.16  1.40  0.25 1.34 1.06
2019 5.73 4.69 4.04  1.69  0.65 1.42 1.16
2020 5.73 5.69 5.86 -0.13 -0.17 0.98 0.97
2021 6.23 6.19 5.54  0.69  0.65 1.12 1.12
2022 5.54 5.50 5.05  0.49  0.45 1.10 1.09
2023 5.33 4.72 4.12  1.20  0.60 1.29 1.14
2024 5.58 5.30 4.41  1.17  0.88 1.27 1.20

* Unit: trillion KRW.
Demand Gap = Predicted Demand - Actual Approval.
Supply Gap = Predicted Supply - Actual Approval.
Demand Lambda = Predicted Demand / Actual Approval.
Supply Lambda = Predicted Supply / Actual Approval.

<Table 5> Funding Gap Analysis Results

<Figure 4> Time Series Trend of Policy Fund Funding Gap
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firming that policy funds exercised a coun-

ter-cyclical function.

Figure 4 presents the time series trend of 

the funding gap. The predicted demand con-

tinuously increased from 2.92 trillion KRW 

in 2000 to 5.58 trillion KRW in 2024, re-

flecting structural demand expansion driven 

by economic growth. The predicted supply 

maintains a relatively low level compared to 

demand and surged to 5.69 trillion KRW 

and 6.19 trillion KRW during the COVID-19 

response in 2020 and 2021, confirming cri-

sis-responsive supply expansion. The actual 

approval remained lower than the predicted 

supply during normal times but surged to 

4.81 trillion KRW during the 2009 financial 

crisis and to 5.86 trillion KRW and 5.54 

trillion KRW during the pandemic of 2020 

and 2021, approaching or exceeding the pre-

dicted supply level, confirming that the 

counter-cyclical function of policy funds op-

erated appropriately.

Ⅵ. Conclusion

This study presents a methodology for es-

timating the appropriate scale of SME 

policy funds through a structural model in 

which demand and supply are simulta-

neously determined. Recognizing that policy 

fund supply is determined not by a price 

mechanism but by administrative allocation, 

the study applies a simultaneous demand- 

supply determination model to estimate the 

unobserved latent demand. A truncated nor-

mal distribution model employing Bayesian 

conditional probabilities expresses the struc- 

tural funding access constraints faced by 

SMEs with credit ratings of BBB- or below 

as the equilibrium relationship between de-

mand and supply functions. This approach 

constitutes an empirical attempt to identify 

the equilibrium point of demand and supply 

in the policy financing domain.

The funding gap analysis quantifying the 

appropriate scale of policy funds shows that 

latent demand exceeds actual approval by 

an average of 36%. The equilibrium supply 

capacity is estimated at 24%, with the an-

nual average demand gap of 1.07 trillion 

KRW and supply gap of 0.66 trillion KRW 

over the observation period. During the eco-

nomic crises of 2009 and 2020 - 2021, ac-

tual approval amounts exceeded predicted 

values, empirically demonstrating the coun-

ter-cyclical function of policy funds.

The analysis of the key determinants of 

demand and supply shows that policy fund 

demand exhibits a significant positive rela-

tionship with GDP growth (coefficient 0.564) 

and a decreasing pattern with rising SME 

lending rates (coefficient -0.398). This in-

dicates that policy fund demand is pro-cy-

clical, and that the investment contraction 

effect from financial market contraction un-

der rising interest rates overwhelms the 

substitution effect of policy funds. Policy 

fund supply increases with expanded govern-



A Market Without a Market: Estimating the Appropriate Scale of Policy Funds 45

ment spending to GDP (coefficient 0.459) or 

improved CLI (coefficient 0.298) and de-

creases with rising KTB yields (coefficient 

-0.341), confirming that supply increases 

with expansionary fiscal stance and im-

proved economic outlook but contracts dur-

ing monetary tightening. The application co-

efficient ( = 0.550) indicates that approx-

imately 55% of the application amount re-

flects actual demand, with the remaining 

45% interpreted as reflecting strategic over-

bidding behavior arising from the recog-

nition that only a portion of the application 

amount will be approved.

6.1 Academic Contribution

This study makes two methodological con- 

tributions. First, it demonstrates that a 

Bayesian structural model based on a trun-

cated normal distribution can be applied to 

equilibrium analysis of a market without a 

price mechanism. By decomposing the joint 

probability of the observed trading volume 

and the demand constraint into a supply 

likelihood and a truncation probability, the 

model identifies latent demand that is not 

directly observed. Second, the framework 

that utilizes application and approval data 

as signals of demand and supply is general-

izable to other administratively allocated re-

sources that lack a market price, such as 

credit guarantees, public housing, and sub-

sidized loans, providing a transferable ap-

proach to estimating appropriate supply lev-

els in market failure domains.

6.2 Policy and Practical Implications

The estimated demand gap provides a 

quantitative reference for budget planning. 

The annual average demand gap of 1.07 

trillion KRW can serve as an empirical basis 

for setting policy fund budgets in the annual 

appropriation cycle, replacing incremental 

adjustments to the previous year’s budget 

with a gap-based target. The counter-cy-

clical expansion observed in 2009 and 2020 

- 2021 indicates that the timing of supply, 

not only its scale, matters for crisis re-

sponse, suggesting that pre-committed ex-

pansion rules tied to business cycle in-

dicators can improve the responsiveness of 

future crisis policy. The application co-

efficient (  = 0.550) implies that approx-

imately 45% of application amounts reflects 

strategic overbidding, indicating that mech-

anisms to curb excessive applications, such 

as application fees or eligibility pre-screen-

ing, can improve allocation efficiency. For 

SMEs, the gap between latent demand and 

actual approval informs funding decisions by 

clarifying the extent of unmet demand, 

while for financial institutions, the struc-

tural excess demand of BBB- and below 

firms identifies the segment where commer-

cial credit supply is most constrained.

The limitations of this study are as follows. 

First, the estimation of 15 parameters with 

25 observations entails a limitation in stat-
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istical estimation efficiency due to the large 

number of estimation parameters relative to 

the sample size. Longer data series are ex-

pected to reduce the standard errors of esti-

mates and improve numerical stability further. 

Second, due to the characteristics of the 

truncated normal distribution model, the 

likelihood function changes sharply near the 

truncation point, raising the possibility of 

numerical instability during optimization. 

Future research needs to expand the sample 

size by utilizing quarterly or monthly data 

and to improve numerical stability and estima-

tion efficiency by introducing alternative esti-

mation methods or regularization techniques.
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시장 없는 시장: 정책자금의 적정 규모 추정
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요  약

본 연구는 가격 메커니즘이 부재한 정책자금 시장에서 신청액과 지원액을 수요와 공급의 신호로 활용하여 

적정 공급 규모를 정량적으로 추정하는 방법론을 제시한다. 베이지안 조건부 확률을 활용한 절단 정규분포 구

조 모형을 구축하여 BBB- 이하 중소기업이 직면한 구조적 자금 접근성 제약을 수요함수와 공급함수의 균형 

관계로 표현하였다. 2000년부터 2024년까지 중소벤처기업진흥공단의 정책자금 데이터와 거시경제 변수를 

활용하여 정책자금의 적정 규모 모형을 추정한 결과, 정책자금 수요는 GDP 증가와 양의 관계를 보이고 중소

기업 대출금리 상승 시 감소하였으며, 공급은 정부지출 확대와 경기전망 개선에 따라 증가하고 국고채 수익률 

상승 시 감소하였다. 펀딩갭 분석 결과, 정책자금의 잠재 수요는 실제 지원액 대비 평균 36% 상회하였고 균

형 공급 여력은 24%로 추정되었으며, 관측기간 연평균 수요갭은 1.07조 원, 공급갭은 0.66조 원으로 나타

났다. 경제위기 시점인 2009년과 2020 - 2021년에는 실제 지원액이 예측값을 상회하여 정책자금의 경기 

대응적 기능을 확인하였다. 신청금액 계수 0.550은 신청액의 약 55%가 균형상의 수요를 반영하며 나머지는 

전략적 과다신청 행태를 반영함을 시사한다. 본 연구는 상업 금융의 시장실패 영역에서 행정적 배분으로 작동

하는 정책자금의 특성을 살린 균형 모형을 제시함으로써 정책자금의 적정 공급 수준 평가와 정책 수립 및 집

행에 기여한다.

주제어: 정책자금, 펀딩갭, 베이지안 추정, 절단 정규분포, 신용배급, 중소기업금융, 

JEL 분류, G28, H81, C11, C34
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