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The impact of financial intermediation efficiency
on Thailand'’s total factor productivity

M Abstract. This study aimed to measure Thailand’s total factor productivity and also investigate the impact of
financial intermediation efficiency on it during 2001-2024. The financial intermediation efficiency in this study was
measured by three indicators, including interest rate spread, business sector credit ratio and non-performing loans ratio.
Additionally, the growth accounting equation was applied to calculated the total factor productivity growth rate, whereas
Autoregressive Distributed Lag model was employed to examine the impact of financial intermediation efficiency on it.
The findings revealed that Thailand’s total factor productivity growth was volatile over the study period, with several
years of negative performance, and that its average growth rate was only 0.15% per year. The long-run results from
Autoregressive Distributed Lag model indicate that financial intermediation efficiency significantly affects total factor
productivity growth in the long run as business sector credit has a positive effect on total factor productivity growth,
while non-performing loans exert a negative impact on it. However, the interest rate spread does not affect total factor
productivity growth in the long run. In the short run, the results further confirmed that total factor productivity growth
is significantly determined by financial intermediation efficiency. Specifically, the change in business sector credit has
the positive effect on the change in total factor productivity growth whereas the change in interest rate spread has
the negative impact on it. Nevertheless, the change in non-performing loan does not have any effect on the change in
total factor productivity growth in the short run. The findings provide practical guidance for policymakers and financial
regulators in improving credit allocation and supporting productivity-driven economic growth

M Keywords: economic growth; macroeconomic performance; efficiency; interest rate spread; credits; non-performing
loans

H INTRODUCTION

Thailand is currently facing a rapid shift toward an aged
society. That is, it is now recording the total fertility rate
as low as 1.21 children per woman in 2023, while life ex-
pectancy at birth rises to 76.41 years. The continuous de-
cline in fertility and rise in life expectancy cause old-age
population to grow faster than working-age population.
That is, the proportion of old-age population increased
from 7.48% in 2005 to 15.36% in 2024, while the propor-
tion of working-age population decreased from 70.37% to
69.89% during the same period (World Bank, 2025). Such a
demographic transition poses critical challenges to Thai-
land’s competitiveness and long-run economic growth as
it put detrimental pressure on public finances, social wel-
fare systems, and labour supply. Such trends could erode

Thailand’s productivity, reduce its ability to sustain dy-
namic growth, and weaken its competitiveness in the glob-
al markets (World Bank, 2021). To cope with this situation,
enhancing total factor productivity (TFP) is needed as a
strategic imperative for Thailand to counterbalance de-
mographic drag and preserve sustainable growth over the
long term. To promote TFP growth, efficient financial in-
termediation is necessary to ensure that financial resourc-
es are allocated efficiently to their most productive uses.
However, Thailand’s financial intermediation efficiency
may be exposed to numerous risk factors that could weak-
en its positive impact on TFP. Among these risks are credit
misallocation caused by sectoral concentration, weak risk
governance and regulatory arbitrage in shadow banking or
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fintech, high non-performing assets, and structural ineffi-
ciencies arising from oligopolistic banking markets or own-
ership networks. Moreover, external shocks, such as global
financial crises or interest rate volatility, may worsen the
inefficiency by raising funding costs or forcing suboptimal
credit allocation. In Thailand’s case, OECD (n.d.) states
that high market concentration and limited banking com-
petition may reduce dynamism in credit allocation, which
may dampen the beneficial effect of financial efficiency on
its productivity.

Beside financial intermediation efficiency, TFP is also
determined by other factors. S. Bibi et al. (2024) noted that
human capital raises TFP by enhancing workforce’s capa-
bility, leading to the greater production efficiency. Educat-
ed and skilled workers improve countries’ capacity to adopt
and create new technologies and innovations, which raise
productivity. Furthermore, trade openness and foreign di-
rect investment (FDI) also positively affect TFP promoting
technology diffusion, competition, and resource realloca-
tion toward more efficient firms, which was the topic of
Y. Li et al. (2021) study. Capital formation enhances TFP
as higher capital accumulation raises output by deepen-
ing capital per worker, leading to the greater TFP (Ma et
al., 2022). Real wages also positively affect TFP. When
real wages rise in line with productivity, they can enhance
worker motivation, reduce turnover and encourage firms to
invest in human capital and technology, leading the higher
TFP. Based on the literature review, there are several stud-
ies which investigate TFP growth in various countries. For
instance, M. Ahmed & T.T. Chowdury (2019) examined the
TFP growth in Bangladesh during 1981-2014 by utilising
the growth accounting framework. G. Cette et al. (2021)
also employed the growth accounting framework with
two types of capital, including ICT capital and non-ICT
capital, to measure TFP growth in 30 developed countries
over the period 1960-2019. In addition, O. Siddique (2022)
measured TFP growth of Pakistan during 1997-2021, while
F. Ataev (2024) examined TFP growth in six countries in
Central Asia during 1991-2019, by employing growth ac-
count framework.

In the case of Thailand, studies on TFP and on the im-
pact of financial intermediation efficiency on TFP are still
limited. J.W. Lee & N. Suwimol (2018) examined Thailand’s
TFP growth during 1975-2016 as proxied by ratio of value
added to GDP and ratio of tax to total revenue, and found
that product innovation and development policy are posi-
tively related to TFP growth while N.Z. Abidin et al. (2020)
utilised Malmquist productivity index to measure TFP
growth of Thailand, including seven ASEAN+3 countries
over the period 1981-2014, and examined the effects of
capital formation, human capital and FDI on TFP growth by
employing panel VAR. Based on existing studies on Thai-
land’s TFP, several research gaps remain to be addressed.
Studies on Thailand’s TFP growth need to be updated, as
the existing ones are considerably outdated. Empirical
studies on the impact of financial intermediation efficiency
on TFP growth remains scarce in the context of Thailand.
Previous studies commonly used the number of workers as
a proxy for the labour input in TFP growth. However, this
approach may not fully reflect reality, as the labour sup-
ply is constrained by the size of the working-age popula-
tion and does not capture the cost or quality dimension of

Il- 68

labour input, potentially leading to inaccuracies in the esti-
mation of TFP growth. Due to the demographic constraints
and Thailand’s need to shift toward productivity-driven
growth, this study aimed to investigate the impact of fi-
nancial intermediation efficiency on Thailand’s TFP over
the period 2001-2024 with the primary objective of shed-
ding more light on the appropriate policies to reform the
financial sector in order to boost Thailand’s TFP.

B MATERIALS AND METHODS

Growth accounting framework to measure TFP growth
This study employed the growth accounting framework
to measure Thailand’s TFP growth over the period 2001-
2024. Output was measured by real GDP, capital input is
represented by two indicators, including (1) real gross fixed
capital formation in construction and (2) real gross fixed
capital formation in machinery and equipment, while la-
bour input is measured by the real cost of labour, calcu-
lated as employment multiplied by the average wage. This
study relied on Thailand’s quarterly economic data, total-
ly 96 quarters, obtained from secondary sources. The data
utilised in this study include real GDP and real gross fixed
capital formation, which are obtained from the National
Economic and Social Development Council (NESDC, n.d.),
labour force, employment rate, average real wage, and
mean years of schooling of employed workers, which are
obtained from the National Statistical Office (NSO, n.d.),
as well as interest rate spread, total loans, business sec-
tor credits, non-performing loans, and exports and im-
ports, which are obtained from the Bank of Thailand (n.d.).
The growth accounting equation utilised to calculate TFP
growth is somewhat modified from R.M. Solow (1957) as
the following:

AY AA AKc AKme AL

YAt ke TP e YO M
where Y - real GDP; Kc — real gross fixed capital formation
in construction; Kme — real gross fixed capital formation in
machinery and equipment; L — real cost of labour; A — TFP;
a — elasticity of real GDP with respect to real gross fixed
capital formation in construction, indicating percentage
change in real GDP as real gross fixed capital formation in
construction changes by one percent; 8 — elasticity of real
GDP with respect to real gross fixed capital formation in
machinery and equipment, indicating percentage change
in real GDP as real gross fixed capital formation in machin-
ery and equipment changes by one percent; § — elasticity
of real GDP with respect to real cost of labour, indicat-
ing percentage change in real GDP as real cost of labour
changes by one percent. Based on the equation (1), growth
of real GDP is caused by (1) the growth of inputs, includ-
ing real gross fixed capital formation in construction, real
gross fixed capital formation in machinery and equipment

AKc AKme

and real cost of labour (a5~ + s+ 5%) and (2) the TFP
AA

growth (%). Therefore, the TFP growth rate can be calculat-
ed by the following equation:

AA AY AKc AKme AL
T %% P 0T @
The growth rate of output (real GDP) and three inputs

can be calculated from the available of Thailand. However,
the elasticity of real GDP with respect to three inputs (a, 8
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and &) can be calculated by employing the Cobb-Douglas
production function as the following:

Y=AKc*KmeFL?. 3)

The Cobb-Douglas production function is linearised by
converting it into its natural logarithmic form. Moreover,
quarterly dummy variables are included in the equation to
capture seasonal variations. The equation to be estimated
is presented as follows:

InY=InA+ alnKc+ pInKme +SInL+2% y Q.+ 1, “

where Q, - quarterly dummy variables; i - 1, 2, 3. Quarter 4
is assigned as the base quarter. After estimating equation
(4), the elasticity of real GDP with respect to three inputs
will be obtained as the regression coefficients. Thereafter,
the TFP growth rate for each period was calculated using
equation (2) presented above.

Econometric model to examine the impact
of financial intermediation efficiency
Model specification to examine the impact of financial in-
termediation efficiency on Thailand’s growth was as fol-
lows:
TFP,=a+,INT +B,BUS, +B,NPL +
+pB,CAP +(.SCL,+B,TRD + u, (5)

where TFP — TFP growth rate (%); INT - interest rate
spread (%); BUS - business sector credit (% of total credit);
NPL - non-performing loan (% of total credit); CAP - gross
fixed capital formation (% of GDP); SCL - mean years of
schooling of employed workers (years) in natural loga-
rithms; TRD — export and import (% of GDP); u - residual
term. It should be noted that INT, BUS and NPL represent
financial intermediation efficiency, CAP - represents capi-
tal formation, SCL represents human capital and TRD rep-
resents trade openness. Augmented Dickey-Fuller (ADF)
unit root test for all variables under specifications with and
without a deterministic trend was used. The Breusch-God-
frey LM test statistic and the White’s test statistic were
also used. An Autoregressive Distributed Lag (ARDL) mod-
el was chosen for this study because it is a flexible econo-
metric approach capable of analysing both short-run and
long-run relationships among variables in time-series data
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(Pesaran et al., 2001). The ARDL model for bound testing is
specified as follows:

ATFP =a,+ 5, a ATFP_+3% f, AINT_+37 B,
ABUS, +Xf, by ANPL + %% B, ACAP,  +2%, f, ASCL,
+30 B ATRD, +6, TFP, +8,INT, +68, BUS, +6,
NPL_ +5,CAP,_ +6,SCL_+6, TRD, +

+y,Q, 1y, Qty, Qs te, (6)

where denotes the first difference operators; p, q,, q,, 4.,
4, 95 q,, are optimal lag lengths; &, to &, represent the long
run relationship; 8, to B, describe the short run dynamic;
Q,, Q, and Q, are dummy variables of quarter 1, 2 and 3,
respectively. The analysis began with unit root tests to de-
termine the stationarity of each variable and to ensure that
none are integrated of order two. After it was confirmed
that all variables are either I(0) or I(1), the ARDL bounds
testing procedure developed by M.H. Pesaran et al. (2001)
was employed to examine the existence of a long-run re-
lationship between TFP growth and explanatory variables.
If cointegration did exist, the unrestricted Error Correc-
tion Model (ECM) was estimated to examine the short-run
dynamics and the speed of adjustment towards long-run
equilibrium. The ECM model was specified as follows:

ATFP=g,+ 22, ¢, ATFP,, +2;%O W, AINT,, +Z‘;§2
,, ABUS,_+2% ) ANPL_+% 1 ACAP_+2%
. ASCL, . +2% . ATRD,_+AECM,  +
j tj j=0 T"6j t-j t-1

+9,Q,+9,Q,+9, QP+ p, Y

where ECM represents the error correction term which
should be negative to reflect the convergence toward the
long-run equilibrium.

M RESULTS AND DISCUSSION

Table 1 presents descriptive statistics of output and input
data of Thailand. The findings revealed that the value of
annual output as measured by real GDP increased from
5,435.36 billion baht in 2001 to 11,179.50 billion baht in
2024. As looking at annual inputs, the value of real cost
of labour equalled 7,354.97 billion baht in 2004 whereas
the value of real gross fixed capital formation equalled
2,637.31 billion baht, consisting of 899.64 billion baht for
construction and 1,737.67 billion baht for machinery and
equipment.

Table 1. Descriptive statistics of Thailand’s output and inputs, billion baht

Real gross fixed capital formation
Statistics Real GDP Real cost of labour
Construction Machinery & equipment Total
M 2,181.72 177.12 357.86 534.98 1,455.76
SD 449.10 41.29 78.20 110.00 306.86
Q1/2001 1,378.08 110.08 182.75 292.83 927.56
Year 2001 5,435.36 449.49 741.10 1,190.58 3,988.11
04/2024 2,920.67 214.22 481.61 695.83 1,881.67
Year 2024 11,179.50 899.64 1,737.67 2,637.31 7,354.97

Source: prepared by the author based on NSO (n.d.) and NESDC (n.d.)

According to the results of OLS regression analysis
shown in Table 2, all input variables, including gross fixed
capital formation for construction and for machinery and
equipment and cost of labour, significantly determine
Thailand’s real GDP. Thus, the elasticities of real GDP with
respect to each input can be summarised as follows:

Economics of Development. 2025. Vol. 24, No. 4

= elasticity of real GDP with respect to real gross fixed
capital formation in construction (a) is 0.2345. That is, 10
percent increase in real gross fixed capital formation in
construction will lead to 2.345 percent increase in real GDP;
n elasticity of real GDP with respect to real gross
fixed capital formation in machinery and equipment (B)
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is 0.2333. That is, 10 percent increase in real gross fixed
capital formation in machinery and equipment will lead to
2.333 percent increase in real GDP;

m elasticity of real GDP with respect to real cost of la-
bour (6) is 0.5040. That is, 10 percent increase in real cost
of labour will lead to 5.040 percent increase in real GDP.

Moreover,sumoftheelasticities of real GDPwithrespect
to three inputs (a+p+6) are 0.9718, indicating that Thai-
land’s production exhibits nearly constant return to scale.

Table 3 reports the annual growth rates of Thailand’s
real GDP and TFP over the period 2001/02-2023/24. The
data show that real GDP growth fluctuated considera-
bly, ranging from a peak of 7.51% in 2009/10 to a sharp

contraction of -6.05% in 2019/20 during the COVID-19
crisis, with an overall average growth rate of 3.23% per
year. In contrast, TFP growth exhibited even greater vola-
tility, with several years of negative performance, includ-
ing substantial declines in 2004/05, 2007/08, and 2019/20,
while its highest growth occurred in 2016/17 at 4.41%.
Over the study period, Thailand’s average TFP growth rate
was only 0.15% per year, indicating relatively weak pro-
ductivity gains compared with output growth. The pattern
of positive GDP growth alongside negative TFP growth
in multiple years suggests that economic expansion was
driven primarily by input accumulation rather than pro-
ductivity improvements.

Table 2. Estimate of Cobb-Douglass production function

Variable Coefficient | Std.error t stat p value
Constant 1.6576™** 0.2208 7.5100 0.0000
InKc 0.2345%** 0.0445 5.2700 0.0000
InKmc 0.2333%** 0.0276 8.4500 0.0000
InL 0.0439 11.4700 0.0000
Q, 0.0323%%** 0.0112 2.8800 0.0050
Q, -0.0443%** 0.0125 -3.5300 0.0010
Q, -0.1063%** 0.0163 -6.5200 0.0000
Adjusted R?=0.9788, F statistic=731.73, p value =0.0000, observations =96
Note: *** indicates statistical significance at 1% level
Source: prepared by the author
Table 3. The annual growth rates of Thailand’s real GDP and TFP
Year 01/02 02/03 03/04 04/05 05/06 06/07 07/08 08/09 09/10 10/11 11/12 12/13
GDP 6.15 7.19 6.29 4.19 4.97 5.44 1.73 -0.69 7.51 0.84 7.24 2.69
TFP 2.57 0.73 -1.49 -3.88 2.25 3.20 -1.78 2.41 0.26 -2.60 -2.36 0.07
Year 13/14 14/15 15/16 16/17 17/18 18/19 19/20 20/21 21/22 22/23 23/24 Mean
GDP 0.98 3.13 3.44 4.18 4.22 2.11 -6.05 1.55 2.58 2.02 2.54 3.23
TFP -0.94 -1.64 1.15 4.41 1.77 0.78 -6.04 0.25 0.88 1.15 2.25 0.15

Note: GDP - real GDP growth rate (% per year); TFP — TFP growth rate (% per year)

Source: prepared by the author

Table 4 presents the descriptive statistics for the key
determinants of TFP employed in this study. The interest
rate spread exhibits a mean value of 1.10%, with relatively
low standard variation of 0.14, ranging from 0.92% to 1.46%.
Business sector credit averages 54.88% of total credit, with
a standard deviation of 9.11. Its values span from 44.85%
to 75.57%. Non-performing loan shows a mean of 6.50% of
total credit and a standard deviation of 4.71, with a mini-
mum of 2.56% and a maximum of 22.35%. Gross fixed cap-
ital formation records a mean of 24.55% of GDP, with rela-
tively limited standard deviation of 1.94 and values ranging

between 20.25% and 29.54%. The average years of schooling
has a mean of 7.46 years, with a standard deviation of 1.19,
reflecting gradual progression in educational attainment
over time. Its range extends from 5.44 to 9.41 years. Final-
ly, trade openness, as measured by the share of exports and
imports relative to GDP, averages 108.08%, with a standard
deviation of 10.87, and ranging from 81.97% to 136.53%.
Overall, the descriptive results highlight substantial vari-
ation across macroeconomic and financial indicators, par-
ticularly in credit quality and trade openness, suggesting
notable shifts in economic structure over the sample period.

Table 4. Descriptive statistics of determinants of TFP

Variable Description Unit M SD Max Min
INT Interest rate spread % 1.10 0.14 1.46 0.92
BUS Business sector credit % of total credit 54.88 9.11 75.57 44.85
NPL Non-performing loan % of total credit 6.50 4.71 22.35 2.56
CAP Gross fixed capital formation % of GDP 24.55 1.94 29.54 20.25
YSCL Mean years of schooling Years 7.46 1.19 9.41 5.44
TRD Export and import % of GDP 108.08 10.87 136.53 81.97

Note: mean years of schooling in natural logarithm (SCL) will be used in the ARDL model instead of YSCL
Source: prepared by the author based on NSO (n.d.), NESDC (n.d.) and Bank of Thailand (n.d.)
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Table 5 presents the results from ADF unit root test
for all variables under specifications with and without a
deterministic trend. The findings reveal that TFP and CAP
are stationary at level under at both specifications, while
the remaining variables (INT, BUS, NPL, SCL, and TRD) fail
to reject the null hypothesis of a unit root at level. How-
ever, all variables become stationary after first differenc-
ing, as evidenced by statistically significant ADF statistics
at the 5 percent level across both model specifications,
with and without trend. These results confirm that the
variables are integrated of order one, I(1), supporting the
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suitability of cointegration and ARDL approaches for sub-
sequent empirical analysis. Table 6 reports the results of
the ARDL bounds test for cointegration. The computed F
statistic is 4.662, which is greater than the upper-bound
critical values at the 1%, 5%, and 10% significance levels
(4.43, 3.61, and 3.23, respectively). Since the F statistic is
higher than the I(1) critical values for all significance lev-
els, the null hypothesis that there is no long-run relation-
ship can be rejected. Consequently, the results confirm the
existence of a long-run cointegrating relationship between
TFP and its determinants in the ARDL model.

Table 5. Results from ADF test for stationarity

Constant without trend Constant with trend
Variable Level First difference Level First difference
t stat p value p value t stat p value p value
TFP -4.479%** 0.0002 0.0000 -4.459%** 0.0018 0.0000
INT -1.720 0.4210 0.0000 -1.652 0.7713 0.0000
BUS -2.065 0.2588 0.0000 -1.431 0.8515 0.0000
NPL -2.220 0.1992 0.0000 -1.978 0.6136 0.0000
CAP -3.203** 0.0198 0.0023 -3.372% 0.0552 0.0094
SCL -2.323 0.1646 0.0405 -1.323 0.8822 0.0384
TRD -2.157 0.2223 0.0002 -2.245 0.4643 0.0021
Note: * ** ***indicate 10%, 5% and 1% significance level, respectively
Source: prepared by the author
Table 6. Results from ARDL bound test for cointegration
F bound test ‘ Bound critical value
Test statistic Value Significance level 1(0) I(1)
F statistic 4.662 1% 3.15 4.43
5% 2.45 3.61
10% 2.12 3.23

Source: prepared by author

The optimal ARDL(4,1,2,1,4,0,1) model, determined
according to the minimum AIC criterion, is estimated, and
the results are reported in Table 7. The findings reveal that
the Breusch-Godfrey LM test statistic and the White’s test
statistic are not statically significant at any level, showing
that there are no serial correlation and heteroskedasticity
problem in the ARDL model. In addition, the adjusted R? of
0.9046 suggests that 90.46 percent of the total variation in
TFP growth can be explained by the explanatory variables
the model. These results confirm that the ARDL model is
statistically robust, stable and suitable for interpreting both
short- and long-run dynamics of Thailand’s TFP growth.

The long-run results clearly reveal that financial inter-
mediation efficiency significantly affects TFP growth in the
long run, as two out of three indicators of financial inter-
mediation efficiency have statistically significant impacts
of TFP growth. Specifically, business sector credit (BUS) has
a significant positive effect on TFP growth. Its regression
coefficient of 1.1342 suggests that a one percent increase
in credit extended to the business sector leads to a 1.1342

percent rise in the TFP growth rate. In contrast, NPL exert
a significant negative impact on TFP growth, with a coef-
ficient of -1.4411, indicating that the TFP growth rate is
likely to decline by 1.4411 percent if the ratio of non-per-
forming loans to total credit increases by one percent.
However, the INT has the insignificant long-run effect on
TFP growth, implying that financial cost differentials do
not directly influence long-term productivity once other
factors are controlled for.

Beside business sector credit, CAP and the SCL also
have the significant positive effect on TFP growth rate. The
regression coefficient of CAP, which equals 0.4947, indi-
cates that TFP growth rate will increase by 0.4947 percent
if the ratio of gross fixed capital formation to GDP rises by
one percent. Furthermore, the coefficient of SCL, which is
27.8461, suggests that a one percent increase in the mean
years of schooling of employed workers will lead to 0.2785
percent increase in TFP growth rate. Nevertheless, the
findings indicate that TRD does not have any significant
impact of TFP growth.

Table 7. Estimated long-run and short-run coefficients of the ARDL model

Variable Coefficients Std. error t stat p value
Long-run estimates: ARDL(4,1,2,1,4,0,1) based on AIC
Dependent variable: TFP(t)
INT -0.7945 5.1262 -0.1500 0.8770
BUS 1.1342%* 0.4986 2.2700 0.0260

71 -.I
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Table 7. Continued

Variable Coefficients Std. error t stat p value
Long-run estimates: ARDL(4,1,2,1,4,0,1) based on AIC

Dependent variable: TFP(t)
NPL -1.4411%* 0.6034 -2.3900 0.0190
CAP 0.4947* 0.2643 1.8700 0.0650
SCL 27.8461%* 13.7607 2.0200 0.0460
TRD -0.0869 0.0626 -1.3900 0.1690

Short-run estimates ARDL(4,1,2,1,4,0,1) based on AIC

Dependent variable: ATFP
ATFP(t-1) 0.0682 0.2575 0.2600 0.7920
ATFP(t-2) -0.1676 0.1799 -0.9300 0.3550
ATFP(t-3) -0.4266™** 0.1045 -4.0800 0.0000
AINT(t) -22.6769** 10.79863 -2.1000 0.0390
ABUS(t) 2.6202%* 1.0933 2.4000 0.0190
ABUS(t-1) -1.7573* 0.9657 -1.8200 0.0730
ANPL(t) 0.5932 1.2249 0.4800 0.6300
ACAP(t) -9.1659%** 0.6624 -13.8400 0.0000
ACAP(t-1) -4.6996*** 1.0069 -4.6700 0.0000
ACAP(t-2) -1.4901 1.0558 -1.4100 0.1620
ACAP(t-3) -3.7363%** 0.9099 -4.1100 0.0000
ASCL(t) 23.0883** 10.3784 2.2200 0.0290
ATRD(t) -0.2902* 0.1714 -1.6900 0.0950
ECM(t-1) -0.7998*** 0.1604 -4.9863 0.0000

Quarterly dummy variables
Q, -9.5758* 4.9792 -1.9200 0.0580
Q, -1.2897 5.0285 -0.2600 0.7980
Q, -9.4477** 4.6927 -2.0100 0.0480

Observation 91 Quarters
Adjusted R? 0.9046
Breusch-Godfrey LM test for autocorrelation x2=6.4480, p value=0.1681
White’s test for heteroskedasticity x2=92.0000, p value=0.4510
Note: * ** ***indicate 10%, 5% and 1% significance level, respectively

Source: prepared by the author

In the short run, the results shed light on how tempo-
rary shocks and lagged effects influence TFP adjustments.
The short-run results further confirm that TFP growth is
significantly determined by financial intermediation ef-
ficiency. Specifically, the change in business sector credit
(ABUS) has the positive and statistically significant effect
on change in TFP growth whereas the change in interest
rate spread (AINT) has the significantly negative impact on
the change in TFP Growth. These findings imply that the
short-term expansion in business credit help boost output
and productivity through increased working capital and
production activity while the higher interest rate spread
reduce firms’ incentives to invest efficiently in the short
term. Anyway, the change in non-performing loan (ANPL)
does not have any significant effect on the change in TFP
growth in the short run.

Additionally, the three quarter-lagged changes in TFP
(ATFP,,) are significantly negative, indicating that a rise in
TFP three quarters earlier leads to a slowdown in the cur-
rent quarter, likely due to diminishing short-run returns or
cyclical fluctuations. As looking at the other short-run de-
terminants, the change in capital formation (ACAP) and its
lag terms are significantly negative, indicating that the ex-
cessive capital expansion in the short run is likely to cause
adecline in TFP growth due to the inefficiencies in utilising
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new capital stock. Likewise, the change in trade openness
(ATRD) is also negative and significant, implying that the
expansion of export and import in the short run leads to
the decline in TFP growth. On the other hand, the change in
mean years of schooling (ASCL) has a positive and signifi-
cant short-run effect on the change in TFP growth, implying
that the improvement in education immediately benefits
TFP growth. According to Table 7, the error correction term
(ECM, ) is significantly negative, confirming the existence
of a stable long-run equilibrium relationship among TFP
growth and its determinants. Its coefficient of -0.7998 in-
dicates a strong adjustment, indicating that deviation from
the long-run equilibrium is corrected by approximately 80%
within one quarter. Specifically, when TFP growth deviates
from its long-run equilibrium due to short-run shocks, the
system will adjust rapidly toward its long-run equilibrium.

This study fills the research gap regarding Thailand’s
production performance and TFP. Specifically, this study
found that the country’s production exhibits nearly con-
stant return to scale, implying the optimal scale of produc-
tion of the economy. In addition, labour and capital factors
contribute similarly to overall production, reflecting bal-
anced production structure within Thai economy. In terms
of TFP growth, this study found that Thailand’s average
TFP growth rate over the study period (2001-2024) was
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low (0.15% per year), implying that Thailand’s economic
expansion was driven mainly by capital and labour accu-
mulation rather than productivity improvements. These
results bridge the gap left by the studies of J.W. Lee & N.
Suwimol (2018) and N.Z. Abidin et al. (2020), which main-
ly examined the determinants of TFP growth rather than
measuring the actual TFP growth rate.

This study provides the significant evidence that fi-
nancial intermediation efficiency affects Thailand’s TFP
growth in both the long run and the short run. In the long
run, TFP growth is positively influenced by business sec-
tor credit, suggesting that an expansion in business credit
enhances the country’s overall productivity by facilitating
investment, innovation and operational efficiency among
business firms. These findings are consistent with those of
F. Manaresi & N. Pierri (2018) and S.M. Cakici (2024). Fur-
thermore, non-performing loans have the adverse impact
on TFP growth in the long run, implying that the greater
level of bad debt limits business credit provision, causes re-
source misallocation, and eventually reduces the country’s
overall productivity. These results are consistent with the
findings of A.S. Serrano (2022).
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Unlike S. Gilchrist et al. (2012), this study found that
the interest rate spread does not significantly influence
overall productivity in the long run. This is because Thai-
land’s financial system maintains relatively stable spreads,
while long-term productivity tends to be influenced more
by other factors such as business credit provision and loan
quality rather than interest rate differentials. Specifical-
ly, Thailand’s interest rate spread ranged from 0.92% to
1.46%, with the average value of 1.10%, showing a relative-
ly stable spread over the 24-year period.

Figure 1 illustrates the changes in Thailand’s TFP
growth rate, business sector credit, and non-perform-
ing loans. It shows that both business sector credit and
non-performing loans exhibited a downward trend, caus-
ing TFP to grow slowly over the study period. More specif-
ically, while financial institutions in Thailand were able to
efficiently manage loan quality and reduce non-perform-
ing loans, they were likely to extend more credit to house-
holds rather than to the business sector. It should be noted
that greater business sector credit tends to increase TFP
growth, whereas a higher level of non-performing loans
leads to a decline in TFP growth.

Figure 1. TFP growth rate, business sector credit and non-performing loans in Thailand

Source: made by the author

In the short run, business sector credit also positively
influences TFP growth. However, non-performing loans do
not affect TFP growth in the short run, probably because fi-
nancial institutions can still operate relatively normally de-
spite some bad debt, as they may temporarily absorb losses
or roll over debts. As a result, the greater non-performing
loans in short run do not immediately affect the country’s
TFP growth. In contrast, the interest rate spread does not
affect TFP growth in the long run but it does in the short
run. Itis because the interest rate spread reflects short-term
fluctuations in financial intermediation costs rather than
structural efficiency. In the short run, changes in the spread
are likely to immediately influence borrowing costs and
investment decisions, affecting TFP growth temporarily.

As looking at the remaining determinants of TFP
growth, human capital, as measured by mean years of
schooling of employed workers, positively influences TFP
growth in both the long run and the short run, confirm-
ing the crucial role of education and human capital ac-
cumulation in improving labour productivity, which, in
turn, leads to greater overall productivity. These findings
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are consistent with S. Bibi et al. (2024). However, capital
formation negatively affects TFP growth in the short run
while it positively affects TFP growth in the long run. This
is because, in the short run, the new capital stock tends to
be underutilised, causing inefficient resource reallocation
and the lower TFP growth, before it becomes fully utilised
in the long run and positively influences TFP growth. This
long-run relationship between capital formation and TFP
growth is consistent with L. Ma et al. (2022).

According to the findings from this study, several pol-
icies are recommended to boost Thailand’s TFP growth.
Policies should focus on expanding business sector credit
through efficient financial intermediation to support pro-
ductive investment and innovation, particularly for SMEs
and technology-driven industries, while controlling per-
sonal loan provision, which is non-productive. Further-
more, policies to strengthen credit risk assessment and
promote prudent lending standards are required to reduce
non-performing loans in the long run while measures to
support efficient debt restructuring are also essential to
prevent NPL accumulation and financial instability in the
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short run. In addition, the Bank of Thailand should man-
age short-term interest rate movements to avoid abrupt
fluctuations in borrowing costs which could be harmful
to TFP growth.

Additionally, policies to enhance human capital
through continuous investment in education, vocational
training and digital skills development should be consist-
ently implemented, to improve labour productivity and,
thereby, the country’s overall productivity. Meanwhile,
policies should focus on the full utilisation of new capital
stock and workforce upskilling to mitigate transitional in-
efficiencies in the short run and on promoting productive
capital formation in high-technology and green sectors
in the long run. Finally, international trade policy should
focus on promoting export quality and value addition
through industrial upgrading and technology adoption to
ensure that export expansion in the short run positively
contributes to the country’s overall productivity.

Trade openness adversely affects TFP growth in the
short run. This finding contradicts Y. Li et al. (2021). The
negative impact in the short run arises because greater
imports are likely to cause an immediate disruption to
domestic production while greater exports tend to have
firms prioritise meeting external demand over efficiency
gains, leading to short-run inefficiency. In addition, the
negative impact of export is also stemming from the dom-
inance of low value-added and labour-intensive indus-
tries in the country’s export structure. Therefore, export
expansion does not necessarily translate into productivity
improvement.

TFP represents the portion of output growth which
is not explained by the accumulation of observable in-
puts such as capital and labour. It reflects improvements
in technological progress, efficiency, human capital, and
institutional quality that enable an economy to produce
more output with the same resources (Solow, 1957). In
other words, TFP captures how effectively a country trans-
forms inputs into economic output, encompassing both
innovation and the diffusion of knowledge (Hulten, 2001).

TFP serves as a vital measure of an economy’s efficien-
cy in utilising inputs (capital, labour, technology, etc.) to
generate output. In growth accounting frameworks, TFP
is often regarded as the “residual” that captures improve-
ments in technologies, managerial practices, institutional
quality, and resource allocation beyond mere accumulation
of inputs (Cardarelli & Lusinyan, 2015). The greater TFP
implies that a country is deriving more output from the
given amount of input, which is needed when input boosts
become limited — as is the case in aging societies. Empirical
studies have consistently found that over the long run, dif-
ferences in living standards and growth trajectories across
countries are largely explained by variations in TFP rath-
er than input accumulation alone (OECD, n.d.). Therefore,
promoting TFP growth is crucial for Thailand to achieve
the sustainable development in an environment of demo-
graphic headwinds.

Financial intermediation efficiency refers to how well
financial institutions mobilise savings, allocate credit,
manage risks, and facilitate transactions, all at minimal
cost and friction. According to T. Philippon (2015), there
are several key indicators of financial intermediation ef-
ficiency, including the interest rate spread (difference
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between lending and deposit rates), non-performing loan
(NPL) ratios, operating cost to total assets, and the share of
private sector credit to GDP. A highly efficient financial in-
termediation system will reduce transaction costs, mitigate
information asymmetries, and support better risk assess-
ment, thereby improving capital allocation and encour-
aging innovation (Liu & Li, 2022). Accordingly, the higher
financial intermediation efficiency can foster faster tech-
nology diffusion, firm-level upgrading, and ultimately raise
the aggregate TFP of the economy (Han & Shen, 2015).

Malmquist productivity index (MPI) is one of the most
commonly used techniques for measuring TFP. Such index
measures changes in TFP over time by comparing the ef-
ficiency of production across two periods. It decomposes
productivity change into efficiency change (catching up to
the frontier) and technological change (shifts in the fron-
tier). MPI is widely used because it can be applied in both
cross-sectional and panel settings using Data Envelopment
Analysis (DEA). This technique was utilised to examine
TFP changes in various countries by several studies such 30
OECD countries during 1971-2011 (Shen et al., 2017), East
Asian countries during 2002-2010 (Le et al., 2019), Middle
East and North African countries during 1995-2016 (Fathi
& Ghorbanian, 2021) and 49 African countries during 2000-
2019 (MyekKi et al., 2023). Note that MPI gives the relative
TFP changes, not the absolute level. This is because it is
computed as distance to a best-practice frontier built from
the sample group via DEA, so each country’s productivity is
measured relative to peers and reference periods.

Stochastic frontier analysis (SFA) is another fron-
tier-based analytic technique commonly adopted to meas-
ure TFP changes. SFA, introduced by D.]. Aigner et al. (1977)
and W. Meeusen & J. van den Broeck (1977), is a parametric
econometric approach that estimates a production frontier
while distinguishing random noise from inefficiency. It as-
sumes that output deviations from the frontier are partly
due to statistical noise and partly to inefficiency, modeled
as a composed error term with a symmetric random error
and a non-negative inefficiency component. SFA decom-
poses TFP growth into technical change (frontier shifts),
efficiency change (movement toward or away from the
frontier), and scale or allocative efficiency effects (Kumb-
hakar & Lovell, 2000; Coelli et al., 2005).

There are several studies which employ stochastic
frontier analysis (SFA) to measure TFP in many countries
worldwide such as 15 former Soviet Union countries (Araz-
muradov et al., 2014), 36 Sub-Saharan African countries
(Garzarelli & Liman, 2019), Middle East and North African
countries (Malik & Masood, 2021) and Turkiye (Yigiteli &
Sanli, 2024). Nevertheless, efficiency from SFA measures
technical efficiency, showing how well inputs are used rel-
ative to the best-practice frontier, while TFP reflects both
efficiency and technological progress over time. Hence, SFA
efficiency is only a component of TFP, not equivalent to it
(Kumbhakar & Lovell, 2000).

Another technique which is widely adopted to meas-
ure TFP changes is the growth accounting framework. It
is an economic method used to decompose the sources of
economic growth into the contributions of capital, labour,
and TFP. The growth account framework is generally based
on a production function, often a Cobb-Douglas func-
tion or a translog function, where the growth in output is
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explained by growth in inputs, and the residual, or TFP, ac-
counts for growth not explained by factor inputs, reflecting
the improvement in technology, efficiency and organisa-
tion (Solow, 1957; Hulten, 2001). Unlike MPI, TFP growth
which is derived from the growth accounting framework
represents absolute or aggregate TFP growth. It measures
the change in the economy’s overall productivity level over
time, after accounting for the weighted contributions of la-
bour and capital growth.

Furthermore, there are also numerous studies which
focus on the determinants of TFP. Among various deter-
minants of TFP, financial intermediation efficiency is con-
sidered as one of the most important determinants of TFP.
Financial intermediation efficiency refers to how effective-
ly the financial system channels savings into productive in-
vestment at minimal cost and risk. Greater efficiency reduc-
es transaction costs, mitigates information asymmetries,
and enhances credit allocation, enabling capital to flow
toward more productive firms and innovation, thereby rais-
ing. Several empirical studies (Yao, 2011; Philippon, 2015;
Gupta et al., 2021) consistently find that countries are like-
ly to experience the higher TFP growth with the greater fi-
nancial intermediation efficiency. In other words, a more
efficient financial sector decreases the cost of capital and
increases aggregate TFP, since resources are efficiently uti-
lised in production rather than intermediation.

In accordance with T. Philippon (2015) who investigat-
ed how efficiently the U.S. financial system transforms sav-
ings into productive investment by estimating the unit cost
of financial intermediation, the ratio of the financial sec-
tor’s income to the value of intermediated assets, there are
presumably three major indicators of financial intermedi-
ation efficiency, including (1) interest rate spread which
represents cost of intermediation, (2) credit to business
sector which represent volume of productive intermedia-
tion and (3) non-performing loans (NPLs) which represents
credit quality and risk. High interest spread, inefficient
credit allocation and excessive NPLs reflect intermediation
inefficiency which detrimentally affect TFP growth.

A higher interest rate spread, indicating higher inter-
mediation costs or financial frictions, can negatively affect
TFP. Since it raises firms’ cost of borrowing, discouraging
productive investment and leading to capital misalloca-
tion. It also signals inefficiencies in financial intermedi-
ation, where savings are not efficiently channelled to the
most productive firms (Gilchrist et al., 2012). Additional-
ly, credit provided to the business sector positively affects
TFP by enabling firms to invest in technology and innova-
tion. As credit flows easily to productive firms, it supports
capital deepening and innovation adoption, thereby rais-
ing aggregate TFP (Manaresi & Pierri, 2018; Cakici, 2024).
High NPLs reduce TFP by weakening banks’ balance sheets,
limiting credit to productive firms, and causing resource
misallocation. This restricts investment, innovation, and
technological upgrading (Serrano, 2022).

Hence, this study measured Thailand’s TFP growth
during 2001-2024 and investigated the impact of financial
intermediation efficiency on it to fill these research gaps.
The cost of labour, rather than the labour force, is em-
ployed to measure TFP growth, thereby capturing the role
of augmented labour in production. Furthermore, this
study utilised two types of capital formation, including

S. Chansarn

construction and machinery and equipment, to calculate
TFP growth, instead of using overall capital formation, in
order to enhance the accuracy of TFP estimates, as dif-
ferent types of capital assets exhibit distinct productiv-
ity contributions. In terms of measurement, this study
employed the growth accounting framework to measure
Thailand’s TFP growth because it provides a transparent
decomposition of output growth into contributions from
capital, labour, and productivity without imposing strong
functional form assumptions or frontier estimations re-
quired by the Malmquist index or SFA. Unlike the Malm-
quist index, which measures relative productivity changes
based on benchmark comparisons across decision-making
units, the growth accounting framework yields absolute
TFP levels over time, making it suitable for national-lev-
el analysis. Meanwhile, SFA was not appropriate in this
context, as it is primarily designed to estimate firm or
industry level technical efficiency rather than aggregate
productivity at the national level.

B CONCLUSIONS

This study measured Thailand’s TFP growth during 2001-
2024 by employing the growth accounting framework and
finds that Thailand’s TFP growth was highly volatile, with
several years of negative performance, including substan-
tial declines in 2004/05, 2007/08, and 2019/20, while its
highest growth occurred in 2016/17 at 4.41%. Over the
study period, Thailand’s average TFP growth rate was only
0.15% per year. This study also examined the impact of
financial intermediation efficiency on TFP growth using
ARDL model. The findings reveal that financial intermedi-
ation efficiency significantly affects TFP growth in the long
run as business sector credit has a positive effect on TFP
growth, while non-performing loans exert a negative im-
pact on it. However, the interest rate spread does not affect
TFP growth in the long run.

In the short run, the results further confirm that TFP
growth is significantly determined by financial intermedi-
ation efficiency. Specifically, the change in business sector
credit has the positive effect on the change in TFP growth
whereas the change in interest rate spread has the negative
impact on it. Nevertheless, the change in non-performing
loan does not have any effect on the change in TFP growth
in the short run. Regarding the other factors, the findings
reveal that human capital positively affects TFP growth in
both the long run and the short run while capital formation
positively affects TFP growth in the long run but negative-
ly affects it in the short run. Furthermore, trade openness
negatively affects TFP growth in the short run but has no
impact on it in the long run. Further research could extend
the analysis by incorporating institutional quality, digital
financial inclusion, and regional disparities to better ex-
plain productivity dynamics in emerging economies.
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(bakTOpHOI MPOAYKTMBHOCTI 3aCTOCOBAaHO MeTOJ OGMiKY 3pOCTaHHS, TOMi K MOAENb aBTOperpecii 3 posmofmieHnuMu
JlaraMy BMKOPUCTAHO JJIsI OLiHIOBaHHS BIUIMBY e(eKTUBHOCTI ¢diHaHCOBOTO rnocepegHunTBa. OTpUMaHi pesyiabTaTu
CBigUaTh, MO 3POCTAHHST CYKYMHOI dakTOpHOI MpoAyKTMBHOCTI B TaimaHAi BIPOJOBXK AOCTIIKYBAHOTO Tepiomy 6y/o
HecTabiIbHMM, i3 KiJIbkOMa poKaMM BiJi’€MHOI IMHaMiKM, a cepenHiii piuHuit TeMI 3pocTaHHs cTaHOBUB sniie 0,15 %.
JTTIOBrOCTPOKOBi OIIiHKM MOAENi aBTOperpecii 3 posmofijeHuMu JjlaraMu IoKasaiau, 1o edeKTUBHICTh (piHaHCOBOIO
MOCEPEeIHUIITBA iCTOTHO BIUIMBAE Ha 3POCTAaHHS CYKYIHOi (akKTOpPHOI IMPOAYKTMBHOCTI: KpeouTyBaHHsSI GizHec-
CeKTOpY Ma€ MO3UTUBHUIA BIUIUB, TOAi SIK TPOGAEMHI KpeouTy HeraTuBHMIL. BogHoUac MpoieHTHA Mapka He YMHUTD
3HAUYI[OTO TOBTOCTPOKOBOTO BIUIMB. Y KOPOTKOCTPOKOBOMY T€piofii pe3y/abTaTy TaKOX IMiJTBEPAWIN, IO 3POCTAHHS
CYKymHOI (aKTOPHOI MPOAYKTMBHOCTI CYTTEBO BM3HAUAETHCS e(DeKTUBHICTIO (iHAHCOBOTO MOCEPeIHUIITBA. 30KpeMa,
3MiHa 06CATiB KpeaUTYBaHHS Gi3HEC-CEeKTOPY MO3UTUBHO BIUIMBAE HA 3MiHY TEMITiB 3pPOCTAaHHS CYKYIHOiI (hakTopHOi
MIPOOYKTUBHOCTI, TOMi SIK 3MiHa MPOIEHTHOI Mapski Mae HeraTMBHUI edeKT. Pa3om i3 TMM 3MiHa PiBHS MPOGIEMHUX
KpeIuTiB He UMHUTD BIUIMBY Ha 3MiHY TEMIIiB 3pOCTAHHS CYKYIHOI (paKTOPHOI MPOAYKTUBHOCTi Y KOPOTKOCTPOKOBOMY
nepiogi. OTpuMaHi pe3ynbTaTV MalOTh MPAKTUYHE 3HAUYEHHS AT (OPMyBaHHS TONITUKM TTOKPAIEHHS PO3IOAITY
KPeIUTHUX PeCcypciB Ta MiATPUMKI MPOAYKTUBHO OPi€EHTOBAHOTO €KOHOMIYHOTO 3pOCTAHHS

M KnioyoBi cnoBa: eKOHOMiUHe 3pOCTaHHS; MaKPOEKOHOMIUHA Pe3YIbTaTUBHICTh; e(PeKTUBHICTh; MTPOLIEHTHA MapKa;
KpeAUTYBAHHS; MPO6IeMHi KpeouTu
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