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Abstract

Exchange rate reforms in developing countries have often aim to floating the exchange
rate to unify official and parallel foreign exchange markets. The present study has
examined the dynamic effects associated with such reforms, focusing on the exchange rate
unification policy and its impact on the import price index of capital goods during the
years 1978-2022. For this purpose, the variables affecting the import price index have
been first identified using the Time-Varying Parameters Dynamic Model Averaging (TVP_
DMA) framework. Then, the Time-Varying Parameter Vector Autoregression (TVP-VAR)
model has been used to analyze how the import price index is affected by the exchange
rate unification shock. According to the empirical findings, the variables of economic
growth, the exchange market pressure index, the import dependency ratio, trade tariffs,
and the exchange rate unification index are among the most influential factors affecting
the import price index of capital goods in Iran. The import price index of capital goods
has exhibited varying responses to shocks arising from exchange rate unification policies,
depending on the prevailing economic conditions of the country. The magnitude of this
impact has fluctuated across different periods; specifically, heightened economic instability
has increased the sensitivity of the capital goods price index to changes in the exchange rate
unification index. This effect became more pronounced during the 2010s. particularly at the
beginning and end of the decade, when the national economy was heavily influenced by
external factors and exceptional circumstances. As pressures on various economic sectors
intensified during this era, the response of the import price index of capital goods to the gap
between official and informal exchange rates became significantly more severe than in other
periods. Consequently, these conditions led to a situation where shocks from exchange rate
unification policies resulted in a sharp surge in the import price index of capital goods.
Keywords: Exchange Rate, Unification, Capital Imoprt Price, Exchange Rate Pass-
through, Dynamic Models.
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In many developing countries, due to pressures arising from high inflation rates and
structural limitations in the supply of foreign currency, foreign exchange, and given the

1. Introduction

constraints in foreign exchange supply, central banks and monetary authorities often
intervene by controlling trade flows and capital flows. In such conditions, central banks
usually determine the exchange rate and issue administrative directives to allocate foreign
currency to specific groups. These directives lead to official exchange rate announcements
that are typically higher than market rates, prompting attempts at exchange rate unification
to bridge the gap between official and market rates. In recent years, exchange rate
unification has been one of the main economic policy issues in Iran. Therefore, the central
question is: What is the impact of exchange rate unification policies on Iran’s economy?

This study, in its primary stage, investigates the effects of exchange rate unification
(elimination of the multiple exchange rate system) on the price index of imported capital
goods, considering both economic behavior and administrative interventions. In the next
stage, using the Time-Varying Parameter Dynamic Model Averaging (TVP-DMA)
approach, the most important variables influencing changes in the price index of imported
capital goods are examined. Finally, the impact of exchange rate unification in the
framework of the Time-Varying Parameter Vector Autoregression (TVP-VAR) model,
along with time-varying coefticients, will be analyzed.

2. Materials and Methods

The framework used to assess the response of the capital goods import price index to
exchange rate unification shocks incorporates several key  variables.
mp=f(ginf.es.emp.idr.top.ct.eg.eru.reer.inf.bop.ir.bd Equation (1)

To analyze the effect of exchange rate unification on the imported capital goods price
index during the 1978-2022 period, we first apply the TVP-DMA model to identify the key
variables influencing the index. Subsequently, the TVP-VAR model is used to evaluate the
impulse responses of the capital goods price index to shocks in the exchange rate
unification index.

To calculate the capital goods price index, we use the ratio of capital goods import
volume to the total import volume.

mp; = MPiyra1 X w; Equation (2)

volume;
- Equation (3)

w; = ————
volume;ota;

In Equation (2), mp; cap denotes the capital goods import price index mp;,tq; the over
import price index and w;cap the volume weight of capital goods imports in total imports
defined as the ratio of the value of capital goods imports (in USD) to the total imports
volume (in metric tons). This method is used when separate price data for capital goods is
unavailable and general import price index is used to derive a relative estimate (IMF2009).
The sanctions variable (es) is ¢ on structed as a dummy variable, equal to 1 during periods
of intensified sanctions (2011-2013 and 2018-2022) and 0 otherwise.

The exchange market pressure index (emp)is calculated based on the theoretical
framework of Pontines and Siregar (2019). It is de fined as a weighted composite of



changes in the nominal exchange rate, international reserves, and interest rate (bank deposit
rate), and is expressed as

1A 1 Armt 14
EMp =—=2_ 04 %
Seet & rmt 6 it

Where:

et: Change in nominal exchange rate

rmt: Ratio of international reserves (excluding gold) to the monetary base (USD)
it: Change in nominal interest rate

Equation (4)

8., 0, 0; The weights are standardized by the standard deviations of each Component.

3. Data

Table 2 presents the results of identifying the most influential factors on the Import Price
Index of Capital Goods within the framework of the Time-Varying Parameter Dynamic
Model Averaging (TVP-DMA). The table reports the mean and standard deviation of the
posterior inclusion probabilities of regression coefficients in the TVP-DMA model, ordered
by the importance of each variable. In estimating the aforementioned model, the intercept,
the first and second lags of the Import Price Index of Capital Goods, the global inflation
rate, and the economic sanctions variable were included as fixed regressors across all model
combinations, i.¢€., across the entire set of models considered in the TVP-DMA framework.
Consequently, the mean posterior inclusion probabilities for these variables were calculated
as one.

4. Discussion

Figure (2) shows that one of the most important variables in explaining changes in the price
index of imported capital goods is the economic growth variable. The next influential
variable is the pressure variable in the foreign exchange market, followed by the inflation
variable, which is also dependent on imported goods prices.

From a commercial perspective, the exchange rate unification index and the real
exchange rate play an important role in explaining the behavior of the price index of
imported capital goods.

Suppressing the official exchange rate and creating distortions in the natural functioning
of the foreign exchange market through administrative interventions cause fluctuations in
the price index of imported capital goods and uncertainty in economic decision-making.
This uncertainty can intensify pressure in

5. Conclusion

The import price index of capital goods has exhibited heterogeneous responses to shocks
arising from the exchange rate unification policy, depending on the prevailing economic
conditions in the country. The magnitude of these responses has varied across periods, and
the evidence suggests that heightened economic instability has increased the sensitivity of
the import price index of capital goods to changes in the exchange rate unification index.
This phenomenon has been particularly pronounced during the 2010s, especially in the
early and late years of the decade, when the domestic economy was exposed to external
pressures and specific adverse economic conditions. During these periods, pressures across
various economic sectors intensified, leading to a substantially stronger response of the
import price index of capital goods to the gap between the official and unofficial exchange
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rates compared to other periods. As a result, shocks associated with the exchange rate
unification policy led to a significant increase in the import price index of capital goods.

Moreover, during these periods, the effects of the shocks exhibited greater persistence, such
that their impact remained in the import price index of capital goods for a longer duration.

Nevertheless, an examination of the long-run behavior of the index indicates that the effects
of these shocks gradually weakened and eventually converged toward zero. This pattern
implies that although shocks stemming from the exchange rate unification policy played a
significant role in raising capital goods prices in the short and medium term, their
magnitude diminished over time and was gradually neutralized. Overall, the findings
suggest that the response of the import price index of capital goods to exchange rate
unification shocks has been subject to considerable variation due to the complex and
volatile economic environment. In periods of heightened economic instability such as the
early and late years of the 2010s. these responses have been both stronger and more
persistent. Such results underscore the importance of accounting for macroeconomic
conditions and the degree of uncertainty when designing and implementing exchange rate
policies.
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Fig. 1: Experiences in adopting an exchange rate unification policy in Iran during the period
1338-1402 (Source: Research calculations based on Central Bank data).
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Tab. 3: Mean and standard deviation of probability coefficients in order of importance in the
(TVP-DMA) model-Imported Capital Goods Price Index (Source: Research Findings)

SD[P(theta_t)] E[P(theta t)]  (,laslceds 4, & yuiio
Voo Intercept lae 1 uoye
R Lagmpil) = oy VS cad asls Jy) 5,
Ve Lag(mpi,2) s YIS aagd sl pe i

Voo ginf Sk py9 2




[ e

Voo es laidl clags >0
<)) < ¥A eg \ sdladl w5,
¥ ¥ emp Y 3k sles asls
<)) CARY idr ¥ ldyly 4 (Stunly Cond sl
c¥ CARY ct ¥ &y 4 yai
RN -5 eru o N Ep ilpls adls
oA -5 reer b S e i) 5
.R . X0 inf 5 Sl s gy
-0 .Y top \ SIS g2 b oSl
¥ A ir A el i s asls
D Y bop A &l 1
EATA B bd 1B Cdgd ddgy (g S

(oiooy slaasl ixie)

Sl dlaslopus YIS ol (adlis jbs, samdpss Lol psie £ jguds VY leas] (V) US55
0dg3glite Calisee (slaoygd ;3 W pusiio ol e Couwl jas e i )3 &S job ylen .l oud &3l
P EFSyp i b ysie s & s SI3)lg &) (Kinly it 00 VWAL and Ll b oS (g9bay
WA+ and Lalgl 5 L5 Lol el 4l s,y slasloyo sV Cangd adls 6,k Ol yis pumdgs
Ay o 093 bl s &S (glSgS Ay Cuwl 034y ol yern (glalan Mo |18 s b b yusito Cnod] ()l 500 L i
WA dnd ) iz Sl 0392 513,55 50 e (a3 LS )8 (e 53 sy Sl Glie Sl 2Ll
Gy Candl 1)l (glasle s Y Cuad s lis jld) sgr (o 50 il jLsd (adls e . b
0390 .y VWA and Blgl g blgl 33 0594y oS (65 pllas Y 9555 g s D 4 yol op) &S Cwl sl
byt ol > Fhe 5 €55 95 €5 ileglese asld ()b 48y sl ate Sl e 3 Cunl
ol 0395 S10)lg (slaslojw Y Cuasd (a3l Hlis) )0 0SS s 500

° 13'60 13'65 13'?0 13']‘5 13'50 13'85 13'90 13'95 14'00
zww) (13,15 (Slale g (GRYIS Cuond s L U8, ouRIZmdel (G paiie (s 3T ket yguis Commny Y Lol 1Y S
oighy soadl

Fig. 2: Posterior probabilities of the presence of the most important variables explaining the
behavior of the imported capital goods price index (Source: Research Findings).
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Fig. 3: Average of variables used in identifying factors affecting the behavior of the imported
capital goods price index (Source: Research Findings).

Jae bl (TVP-DMA) gl 3 jiite coly—d b by (6565 05650ke (slagSl 5 Shas (F) S5

Sle s NS b (3L S N5y i > (TVPDMS) ploj 3 i caly 5 b Ly
Sl (B b ygiS slaidl & olao)gd 13 3980 odabive JSUb 13 &S jobolen cunl 0 ) I3 lg
8y L gy gLkl (TVP-DMA) (o )3 puiite Gl )md b by (6555 5650ke (5580] ccsl 035 alge

ol a2l S1)lg sl po Y s a3 ls



e i |

7

@  Predicted (TVEP_DhiA)

+  Predicted (TVEP_DMS)

¢ Realised
6 -
34 o
4 ®

¢ ©
- ®
3 b o *
® g
o b4 b e
° _ * B o e

5 | ° . 8,7 38 : $3 % L

b - . g 2 e vy ® ° ¥ o . 2 a .

- -

L . * - - @
14 - 2 L]
0 T T T T T T T T T

1360 1365 1370 1375 1380 1385 1390 1395 1400

Sl g Lgs (6508 nSilo sS40 (13,15 (Slaslo paw SOV Cunnd (yad L 85 iyl 5 (2Bl yIo 1€ JSU

Fig. 4: Actual and predicted value of the imported capital goods price index in dynamic
averaging and dynamic model selection models (Source: Research Findings).
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in dynamic averaging and dynamic selection models (Source: Research Findings).
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Fig. 6: Response of the exchange rate unification index variable to the shock from changes in
foreign exchange market pressure (Source: Research Findings).
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Fig. 7: Response of the exchange rate market pressure index to the impulse from the exchange
rate unification index (Source: Research Findings).
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Fig. 8: Response of the imported capital goods price index variable to the shock from the
exchange rate unification index (Source: Research Findings).
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foreign exchange market pressure index (Source: Research Findings).
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Abstract

This study examines the dynamics of housing price transmission among major Iranian
metropolitan areas from September 2011 to August 2024. Using a Time-Varying Parameter
Vector Autoregressive (TVP-VAR) model and network-based indicators, including the Total
Connectedness Index (TCI), Net Total Directional Connectedness (NTDC), and Pairwise
Connectedness Index (PCI), it analyzes as the structure, intensity, and direction of price
transmission across regional markets. Findings reveal a persistent core-periphery structure,
with provinces such as Tehran, Alborz, Isfahan, and Fars acting as primary transmitters
of price shocks, while Zahedan, Ilam, Bojnurd, and Zanjan remain chronic receivers. The
TCI indicates heightened market connectedness during the 2018-2020 economic turmoil,
followed by a decline as macroeconomic volatility subsided. The PCI suggests that bilateral
linkages weaken during instability, polarizing the price transmission network. This study
emphasizes the need for spatially-aware, network-informed housing policies. Uniform
strategies ignoring regional transmission roles may exacerbate inequality and instability.
Recommendations include developing a spatial policy map guided by TCI and NTDC and
creating a national real-time housing price monitoring system. Additionally, stabilization
efforts should focus on shock-transmitting regions, with financial intermediaries established
in peripheral provinces.
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1. Introduction

Housing price fluctuations, driven by macroeconomic variables, policy shifts, and
migration trends, significantly impact urban markets. In Iran, these fluctuations are
amplified by structural inflation, currency instability, and sanctions (Ghaederahmati &
Zargham-Fard, 2021). Major cities like Tehran, Isfahan, Mashhad, and Shiraz, with distinct
supply-demand frameworks and socio-economic roles, influence broader market trends.
This study investigates whether price shocks in core cities like Tehran propagate to other
metropolitan areas, forming wave-like or hierarchical transmission patterns. Addressing
this question is crucial for regional planning and targeted policymaking. While
international studies have modeled such spillovers using spatial econometrics and network
theory (Zhang et al., 2020 a; Liu et al., 2023), Iranian research has largely focused on static
price convergence. By leveraging the TVP-VAR model, this study dynamically maps the

flow of housing price shocks and highlights the role of regional structures.

2. Materials and Methods

This study employs a Time-Varying Parameter Vector Autoregressive (TVP-VAR) model
to capture time-varying relationships between variables. Monthly housing price data for 28
provincial capitals were collected from September 2011 to August 2024. From these data,
the Total Connectedness Index (TCI), Net Total Directional Connectedness (NTDC), and
Pairwise Connectedness Index (PCI) were computed to analyze system-wide and bilateral
connectedness. TCI measures overall synchronization among regional markets. It showed
a notable increase during the 2018-2020 macroeconomic crisis, indicating stronger inter-
market co-movements under economic shocks (Diebold & Yilmaz, 2009). NTDC identifies
net transmitters and receivers, with Tehran, Alborz, Fars, and Isfahan acting as consistent
price shock originators, while Zahedan, Bojnurd, Ilam, and Zanjan frequently absorbed
these shocks without reciprocation. The PCI revealed sharp polarization in bilateral
transmission relationships during instability periods, weakening mutual interactions among
cities. This suggests that crises diminish symmetric price influences and amplify

unidirectional dependencies (Chen et al., 2024).

2. Data

The dataset comprises monthly average housing prices from 28 Iranian provincial capitals.
Provinces with incomplete data (e.g., Shahrekord, Yasuj, Birjand) were excluded.
Statistical diagnostics, including skewness, kurtosis, and stationarity tests, confirmed the

data’s suitability for dynamic modeling (Mohammadi et al., 2023). Tehran exhibited the
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highest average price growth and volatility, while provinces like Yazd showed lower

averages but extreme fluctuations. Several provinces, including Zanjan and Zahedan,
displayed non-normal distributions and high kurtosis, indicating susceptibility to abrupt
price movements. The Elliott-Rothenberg-Stock (ERS) test confirmed the stationarity of
all series. Significant autocorrelation in Q and Q? tests indicated persistent temporal
dependence, validating the use of dynamic modeling frameworks like TVP-VAR
(Antonakakis et al., 2021).

4. Discussion

The findings highlight entrenched spatial inequality in Iran’s housing market. The core-
periphery framework, where central cities exert dominant influence over peripheries,
remains resilient across economic cycles. Spatial position, market depth, and institutional
quality collectively shape transmission roles (Ghaederahmati & Zargham-Fard, 2020).
Economic instability, whether from sanctions, inflation, or pandemics, exacerbates these
imbalances. The erosion of bilateral price relations during crises underscores market
fragmentation. Some intermediate provinces (e.g., Bushehr, Hamedan) oscillated between
acting as transmitters or receivers, highlighting their contingent role as conduits. These
insights reveal the limitations of homogeneous housing policies. A one-size-fits-all
approach neglects transmission roles and could amplify disparities. Instead, policy tools
must account for local market dynamics, price leadership roles, and systemic vulnerabilities

(Tajrishi & Vesal, 2021).

5. Conclusion

This study concludes that Iran’s housing market exhibits a persistent core-periphery
structure, with price transmissions flowing from economically dominant provinces to less
connected regions. The TVP-VAR model, enhanced by TCI, NTDC, and PCI metrics,
effectively captured evolving interdependencies across space and time (Liu et al., 2023).
Spatially-aware, network-sensitive policies are essential to mitigate market instability and

regional inequality. Recommended measures include :
*  Develop territorial housing policy maps using connectedness indices .
*  Implement a real-time national housing price database .
*  Target volatility control in transmitter provinces .

*  Establish financial intermediaries in receiver regions.
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These measures could buffer peripheries from systemic shocks and promote equitable
market participation. Future research should integrate migration flows, investment

behavior, and urban planning policies to further elucidate price transmission dynamics.
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Graph. 2: Net Directed Connectivity Index (NTDC)
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Abstract

Transition to renewable energies is one of the most heated topics among policymakers and
authors. Green financing is considered one of the primary tools for achieving this goal.
The data show that the stock market, as one of the main ways of green financing and a
primary indicator of the performance of companies in the renewable energy sector, has
been significantly affected by policy uncertainties. Thus, this study aims to investigate the
connectedness between policy uncertainties and the return of green stocks by employing
the contemporaneous and lagged R*2 decomposed connectedness approach. This novel
approach fills the gap in the previous studies by decomposing connectedness measures
into contemporaneous and lagged components. Previous studies primarily focused on the
impact of economic policy uncertainty on green stock returns. Thus, to contribute to the
existing literature, this study employs uncertainty indicators in monetary, fiscal, and trade
policies, representing key aspects of economic policy uncertainty. In addition, we use the
newly introduced climate policy uncertainty index. The outcome of this study indicates that
the uncertainty in fiscal policy is the main transmitter of shocks to the return of green stock,
followed by monetary policy uncertainty. Moreover, fiscal policy uncertainty can affect
green stock returns indirectly by transmitting shocks to other variables in the network.
Furthermore, the return of the green stock is the primary receiver of shocks in the network.
The results of this research help in providing efficient policies to support green finance in
countries like Iran that have access to renewable resources.
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The global transition to renewable energy has become a serious concern for policymakers
worldwide. Moreover, Extreme events such as climate change have increased these
concerns (Wang et al., 2023). In this context, green finance plays a crucial role in
facilitating the energy transition (Shah et al., 2024). As defined by the United Nations
Environment Programme (2020), green finance involves channeling financial flows from
public, private, and non-profit sectors toward sustainable development priorities.
However, uncertainty significantly impacts green finance tools such as bonds and stock
market (Zhao, 2020; Bouri et al., 2022; Syed et al., 2022). This study aims to investigate
the relationship between various policy uncertainties, specifically monetary, fiscal, trade,
and climate policy uncertainty, and the performance of green stocks in the United States, a
major emitter of greenhouse gases. This research employs a novel contemporaneous and
lagged R2 decomposed connectedness approach, which is introduced by Bali ez al. (2023),
and uses monthly data from June 2007 to June 2024. The central research question is:
Which types of policy uncertainty have the greatest and least net effects on green stock
returns? This research offers several novel contributions. Firstly, it decomposes the
economic policy uncertainty into its constituent monetary, fiscal, and trade components,
providing more precise and useful insights than previous studies that treated it as a single
aggregate measure (e.g., Wang et al,, 2023). Secondly, the novel econometric approach
allows us to examine both the contemporaneous and lagged effects of these uncertainties,
recognizing that macroeconomic policies have both immediate and delayed impacts. This
distinction is crucial for developing effective and timely policy interventions to safeguard

1. Introduction

green finance from destabilizing shocks.

2. Materials and Methods

Since the impact of the variables varies over time, it is better to use time-varying methods.
This research employs the newly introduced the contemporaneous and lagged R2
decomposed connectedness approach, which allows us to decompose the results into lagged
and contemporaneous components. Other time-varying econometric approaches only show
overall or contemporaneous effects. While macroeconomic variables have both
contemporaneous and lagged impacts, it is crucial to choose a method that considers both
components.

3. Data

This study utilizes the WilderHill Clean Energy Index to measure the performance of
companies active in the renewable energy sector within the United States stock market. The
U.S. is selected as the case study because it is one of the largest producers of greenhouse
gases and a leading country in the field of green financial markets. Given that green assets
are a recent development, a detailed study requires reliable data with a sufficient number
of observations, making the U.S. an ideal choice. The green stock index used in this
research has been widely employed in numerous studies as a proxy for green stock
performance (Hanif ef al., 2023; Pham ef al., 2024). Data for this index was obtained from
Google Finance. To represent government policy uncertainty, this study uses the indices

introduced by Baker ef al. (2016). Specifically, the indicators for fiscal policy uncertainty,
monetary policy uncertainty, and trade policy uncertainty, which are sub-indices of the

main economic policy uncertainty index, are utilized. Data for these uncertainty metrics
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are published monthly on the policyuncertainty.com website. Additionally, the Climate
Policy Uncertainty index, recently introduced by Gavriilidis (2021), is incorporated into
the model. Data for this index are also available monthly from the same website. The data
frequency for this research is monthly, and the period extends from June 2007 to June 2024.

This period is particularly significant as it covers major events such as the 2008 financial
crisis, the United States' withdrawal from the Paris Agreement, the U.S.-China trade war,
the COVID-19 pandemic, and the Russia-Ukraine war. The choice of the U.S. is further
justified by its status as one of the largest markets for renewable energy (LIEA, 2024) and
the availability of the maximum number of observations for green stocks, which are crucial
for a robust analysis of this nascent field.

4. Discussion

Overall, the results indicate that the total connectedness among the variables in the network
is 43.66%. A decomposition of the results shows that contemporaneous connectedness
among the variables is 21.91%, while lagged connectedness is 21.75%. The proximity of
the contemporaneous and lagged connectedness values suggests the significant impact of
the variables on each other in both the short and long term. An analysis of the net
connectedness (the difference between "TO" and "FROM" spillovers) reveals that for all
variables, except for monetary policy uncertainty, the lagged spillover effects are greater
than the contemporaneous effects. This finding indicates that the spillover impact of each
variable on the others intensifies over time more than its immediate impact. Furthermore,
the spillover analysis shows that green stock returns are the main net receiver of shocks in
the network, while fiscal policy uncertainty plays the primary role in transmitting shocks
to the other variables. The analysis of contemporaneous connectedness shows that,
consistent with the aggregate effects, fiscal policy uncertainty plays the primary role in
transmitting shocks to the other variables in the network, and green stocks are the main
receiver of shocks. Furthermore, trade policy uncertainty exhibits the weakest spillover
effects within the network. The analysis of lagged connectedness provides new evidence.
According to these findings, fiscal policy uncertainty remains the primary transmitter of
shocks to other variables in the network, and green stocks are the main receiver of shocks.
However, the results indicate that the shock transmission from fiscal policy is stronger in
lagged components than in its contemporaneous effects. Likewise, green stocks receive
greater shocks in the lagged case compared to the contemporaneous one. Furthermore, trade
policy uncertainty continues to exhibit the weakest spillover effects in the network.
However, while this variable is a shock transmitter in the contemporaneous case, it
becomes a shock receiver in the lagged case. The results also show that monetary policy
uncertainty switches from being a shock receiver in the contemporaneous analysis to a
shock transmitter in the lagged analysis. Finally, the magnitude of shocks received by
environmental policy uncertainty is greater in the lagged case than in the contemporaneous
one.

5. Conclusion

As indicated in the results, fiscal policy uncertainty is the primary transmitter of shocks to
green stock returns. Therefore, controlling this type of uncertainty is crucial. Adopting
medium-term fiscal rules (such as budget deficit rules), alongside the presence of
independent laws and councils that oversee fiscal discipline, can be one way to reduce
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uncertainty (IMF, 2024). Additionally, implementing counter-cyclical fiscal policies can

lead to a reduction in uncertainty in the short term, although this may be followed by
increased risk and uncertainty in the long term (Croce ef al., 2012). Given that monetary

policy uncertainty transmits the largest shock to green stock returns after fiscal policy
uncertainty, implementing appropriate policies to reduce this type of uncertainty is also
highly important. Studies show that forward-looking policies (forward guidance) and
transparent communication of the central bank's future policies can lead to a decrease in
monetary policy uncertainty (Jitmaneeroj et al., 2019; Jiang and Huang, 2023). In addition
to transparency, setting a target inflation rate and adhering to the policies necessary to
achieve this target can also have a significant impact on reducing uncertainty (Jitmaneeroj
et al., 2019). In other studies, the central bank's adherence to a specific rule has been cited

as a way to control uncertainty, although deviation from the established rule can lead to a
sharp increase in uncertainty (Pooter et al., 2021). In the context of environmental policy,

transparency in economic policies can be a way to reduce uncertainty, which in turn
accelerates the transition to clean energy (Yasmeen & Shah, 2024). Also, supporting green

technology and innovation helps companies in this sector to have greater resilience against
sudden changes in environmental policies (Ge & Zhang, 2025). Furthermore, joining and

adhering to trade agreements can be an effective way to reduce trade policy uncertainty.
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Tab. 1: Descriptive statistics and unit root tests

WH MPU FPU TPU CPU

Mean -0.322 91.405%**  126.717***  140.692%**  143.015%**
Variance 80.514 3148.941 5480.726 56785.127 4572.158
Skewness -0.110 1.215%** 1.597%** 3.882%** 0.979%**

Ex.Kurtosis  1.130%** 1.610%** 2.658%** 19.766%*** 0.686*
JB 11.324%** 72 567***  147.535%%* 3851.990%**  36.752%**
ERS -3.803*** 2. 810*** 2. 705%** -2.515%** -2.630%**
- . Kok _ sk _ Kk _ Kok
ADF Lo4ores 5118 4.954 3.290 3.873
- - - Hokk - EEES - Hokk _ *ok ok
Ph-P Lo47owes 140 4.954 5.722 5.725
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Tab. 2: Correlation between variables

kendall WH MPU FPU TPU CPU
WH 1.000***  -0.093%* 0.009 0.090 0.044
MPU  -0.093**  1.000%** (.3]12%*** 0.071 0.256%**
FPU 0.009 0.312%**  1.000%** (.151%%* (.217***
TPU 0.090 0.071 0.151*%*  1.000%** (0.259%**
CPU 0.044 0.256%**  0.217*** (0.259%** 1.000%**
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Tab. 3: Results of the lag order selection criteria

Lag AlIC HQIC
54.065 54.0982
51.1892  51.3887
50.8378* 51.2036*
50.9728  51.5048
51.0465  51.7448
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Tab. 4: Total connectedness

WH MPU FPU TPU CPU FROM
WH 533 949 1153 734 6.65 35.00
MPU 936 1797 26.03 10.44 5.40 51.24
FPU 478 2535 27.79 11.09 11.38 52.60
TPU 435 13.71 11.76 22.15 10.14 39.97
CPU 6.72 797 1463 10.18 9.13 39.50
TO 2522 56.53 6395 39.04 33.57 218.31
Inc.Own 30.55 74.50 91.74 61.19 42.69 cTCI/TCI
NET -9.78 529 1135 -093 -593 54.58/43.66
NPT 1.00 3.00 4.00 2.00 0.00
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Tab. 3: Contemporaneous connectedness

WH MPU FPU TPU CPU FROM

WH 0.00 498 269 199 2.60 12.26

MPU 392  0.00 17.67 6.74 3.34 31.68
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FPU 1.98 1565 0.00 537 6.20 29.20
TPU 1.56 6,51 579 0.00 4.57 18.43
CPU 250 331 751 470  0.00 18.01
TO 997 3044 33.66 18.79 16.71 109.57
Inc.Own 9.97 3044 33.66 18.79 16.71 cTCI/TCI

NET 229 -123 446 036 -130 27.39/21.91
NPT 0.00 1.00 4.00 3.00 2.00
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Tab. 6: Lagged connectedness
WH MPU FPU TPU CPU FROM
WH 533 451 884 535 4.05 22.74
MPU 544 1797 836 3.70 2.06 19.56
FPU 280 970 27.79 572 5.8 23.41
TPU 279 720 597 2215 557 21.55
CPU 422 466 7.12 548 9.13 21.49

10 1525 26.08 30.29 20.26 16.86 108.74




Sl g oA L M “

Inc.Own 20.58 44.06 58.08 4240 2598 cTCI/TCI
NET -749 652  6.89 -129 -463 27.19/21.75
NPT 2.00 3.00 3.00 1.00 1.00
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Abstract

The underground extraction of building stone, in addition to reducing the environmental
issues associated with surface mining, makes mining more cost-effective. Therefore, this
study focuses on the economic analysis of changing the mining method for building stone
from surface quarry mining to underground room and pillar mining. For this purpose, using
data from the Dehbid marble mine, an economic feasibility study of the method change was
carried out by determining the investment and operational costs and the revenue generated
in both extraction methods. The results indicate that, considering a discount rate of 25%,
the net present value (NPV) of the underground mining method is higher than that of the
surface mining method, with values of 101,000,000,000,000 Rial and 52,741,000,000,000
Rial, respectively. Furthermore, the internal rate of return (IRR) for underground mining
is also higher than for surface mining, with rates of 57.158% and 43.92%, respectively. In
both cases, the IRR exceeds the minimum required rate of return, which is 25%. Therefore,
based on these indicators, underground mining is more economical in this mine. On the
other hand, a comparison of the payback period shows that, for the quarry extraction
method, the payback period in normal and circular modes is 4 and 6 years, respectively,
whereas for the room and pillar mining method, the payback period is the same for both
modes and equals 3 years. Thus, considering the time value of money, underground stone
extraction using the room and pillar method in this mine can be more economical.
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Pillar Method.
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In Iran, building and decorative stone mines account for a significant share of the country's
mineral production, and therefore, they require technical growth and development to
improve mining conditions. High production costs, excessive wastes left in nature, and the

1. Introduction

use of outdated and unsuitable machinery are some of the major drawbacks of traditional
building stone mining methods like quarry. The room and pillar is one of the oldest
underground mining methods that can be used for the extraction of building stones.

In general, the advantages of underground mining methods for stone extraction
compared to surface mining include no need for waste removal before and during
extraction, elimination of waste dumps, reduction in the rate and amount of development
before extraction, no need for stabilizing slopes, preservation of the area's topography and
vegetation, and increased work efficiency by utilizing the temperature conditions in the
underground, especially in summer and winter.

Since underground mining methods have not yet been used in building stone mines in
Iran, this study is the first to investigate the feasibility of underground mining for building
stones in Iran. In fact, the main goal of this research is to assess the feasibility of switching
the mining method from quarry to the room and pillar mining method. For this purpose,
data and conditions from one of the mines in the Dehbid stone complex, one of the active
and well-known marble regions in Iran, were used. The feasibility study of underground
mining using the room and pillar method in this mine, compared to the quarry mining
method, was carried out in both technical and economic aspects. This article focuses on the
economic analysis of switching the mining method from quarry to room and pillar.

2. Materials and Methods

Dehbid marble is widely regarded as one of the highest-quality and most renowned marbles
globally, particularly distinguished by its exceptional color and texture. This stone is
extracted from several mines, with the present study being conducted at the Angorak
marble mine. The mine is situated in Khorrambid city (historically known as Dehbid), in
the northern region of Fars province, located in the southern part of Iran.

In order to conduct an economic evaluation of any mining project, it is crucial to first
determine the associated costs and then assess the feasibility of the proposed methods. In
this study, a comprehensive analysis of the investment, operational, and ongoing costs for
the Dehbid marble mine, utilizing both quarry and room and pillar mining methods, is
presented. The economic feasibility of these two methods is subsequently assessed using
the COMFAR software. Ultimately, the most economically viable extraction method is
identified based on key economic indicators. It is important to note that all cost estimates
were derived from field research and operational prices for 2023, based on data from the
nearest active mines in the region under study. As per the mining license, the marble
reserve of the specified mine is estimated at 1,160,000 tons. Consequently, the annual
production capacity is determined to be 80,000 tons, with the mine's operational lifespan
projected to be 15 years.

In this research, fundamental economic indicators, specifically the net present value
(NPV) of total investment and the internal rate of return (IRR), were employed to evaluate
the economic feasibility of the Dehbid mine using both quarry and room and pillar mining
methods. To achieve this, detailed tables for the economic analysis of the two mining
methods were first compiled and organized. Subsequently, the total investment and
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operational costs, along with their respective subcomponents, were calculated. The
economic computations and their corresponding analysis were then performed.

3. Discussion

The net present value (NPV) is a crucial financial metric used in investment project
analysis, enabling analysts to evaluate the profitability of a project by comparing the
present value of expected revenues to the initial costs. The findings of this study indicate
that the room-and-pillar method generates a higher NPV, suggesting that investing in this
method is more economically advantageous than the quarry method. Specifically, with the
25% discount rate applied in this study, the elevated NPV reflects the potential for greater
future returns in relation to the present costs of the project.

The internal rate of return (IRR) is the rate at which the NPV equals zero and reflects
the profitability of a project. With the room and pillar mining method, operational costs are
lower due to the absence of tailings removal, and higher-quality stone blocks are extracted
more efficiently, leading to increased sales revenue. As a result, the IRR for the room-and-
pillar method is expected to surpass that of the quarry method. In the case of the studied
mine, the room-and-pillar method proves more effective in attracting financial resources
and generating higher returns. A higher IRR typically indicates greater short-term
profitability and lower investment risk, with reduced operational costs and higher sales
revenue driving the increase in IRR.

In general, the shorter payback period for the room and pillar method, when compared
to the quarry method, can be attributed to several factors. These include lower operational
costs resulting from the use of simpler and fewer pieces of equipment in underground
mining, higher productivity and more targeted extraction of high-quality stones, and faster
revenue generation due to the quicker sale of the extracted stones. Additionally, the time
value of money is more effectively compensated in projects with a shorter payback period,
further enhancing the financial feasibility of the room-and-pillar method.

4. Conclusion

While surface mining of building stone utilizing the quarry method remains a prevalent
practice, the room and pillar mining method offers a compelling underground alternative
for stone extraction. Considering that underground mining for building stones has yet to be
implemented in Iran, this study endeavors to evaluate the feasibility of applying the room
and pillar method for underground stone mining, specifically at the Dehbid marble mine.
The findings are summarized as follows:

e At a discount rate of 25%, the net present value (NPV) for the underground mining
method (101,000,000,000,000 Rial) exceeds that of the surface mining method
(52,741,000,000,000 Rial). Consequently, based on this economic metric,
underground mining of building stone proves to be more financially viable.

o The internal rate of return (IRR) for both surface and underground mining methods
exceeds the minimum required rate of return (25%). However, the IRR for
underground mining (57.158%) surpasses that of surface mining (43.92%). This
suggests that, from a financial perspective, underground mining is the more
advantageous method.

e Sensitivity analysis conducted during the economic evaluation phase indicates that,
for the quarry method, sales revenue exerts the most significant impact on the IRR,
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while an increase in fixed assets has the least influence. In contrast, for the room-

and-pillar method, sales revenue and operational costs are the primary factors
affecting the IRR, with sales revenue having the greatest impact.

e A comparison of the payback periods reveals that, under the quarry method, the
payback period is 4 years in a normal scenario and 6 years in a circulating scenario.
Conversely, the payback period for the room-and-pillar method is consistent in both
scenarios, at 3 years. Thus, factoring in the time value of money, underground
mining via the room-and-pillar method proves to be the more cost-effective
approach.

Therefore, based on the analysis of nearly all economic indicators, it is evident that the

adoption of the room-and-pillar mining method over the quarry method in the Dehbid
marble mine is both economically viable and justifiable.
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Fig. 1: Danby underground building stone mine.
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Fig. 3: Geographical location of the Dehbid marble stone mine.
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Tab. 1: Time information of mining stages with quarry
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Tab. 2: General characteristics of quarry mining production
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Tab. 3: The amount of waste and ore in quarry mining
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Tab. 4: General information of quarry mining
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Tab. 5: Costs of buildings and facilities required for quarry mining
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Tab. 6: Costs of machinery required for quarry mining
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Tab. 7: The total investment costs of quarry mining
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Tab. 8: Labor costs required for quarry mining
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Tab. 9: Annual salary costs for quarry mining
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Tab. 10: Annual costs of quarry mining tools and consumables
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Tab. 11: The total operating costs of quarry mining
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Fig. 9: Diagram of total sales and production costs for quarry mining
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Tab. 13: Time information of room and pillar mining stages
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Tab. 15: Costs of buildings and facilities required for room and pillar mining
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Tab. 16: Costs of machinery required for room and pillar mining
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Tab. 17: The total investment costs of room and pillar mining
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Tab. 18: Labor costs required for room and pillar mining
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Tab. 19: Annual salary costs for room and pillar mining
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Tab. 20: Annual costs of room and pillar mining tools and consumables
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Tab. 21: The total operating costs of room and pillar mining
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Fig. 11: Investment costs of room and pillar mining in COMFAR software




|
:al)__vl‘sb,_bléébha_‘ﬁléh_l%&m d,,(_, ) b/d’ 2l L

Pz Sy 2
Alde &ad— ditd=
1413 1408 1403

7.789.008.607.680.31 4.836,361.530.000.00 3.003.000,000,000.00 SaA 2
677,670,852,476.89 420.720,282,929.50 515,220.700.000.00 ((4ik A )25 59 435
0.00 000 000 SIS e § N
677.670.853.476.828 420.780.282.939.50 515.280.700.000.00 P a5
32.528.125,000.00 32.528,125,000 00 32.528.125.000.00 g
348.080.238.145.42 216.130.442,000.00 268.400.000,000 00 (= ol S
1,068.279.216,622.22 669.438,249,928.50 816.208.825.000.00 T RASINS
0.00 0.00 000 N B Y
1.058.279.216.622.32 669.438.849.939.50 816.208.825.000.00 LY st 22t A Sl
0.00 000 000 iz 058 P 8 sy
6.730.729,391.057.99 4.166.922,680,060 50 2.186.791.175.000 00 e sl 25e
0.00 0.00 000 i e vl
0.00 0.00 0.00 4 2 )
0.00 0.00 000 =g s
6.730.729.291.057.99 4.166.922,680.060 50 2.186.791.175.000 00 ol
0.00 000 000 S8 At )Y
6.730.729.291.057.99 4.166.922.680,060 50 2.186.791.175.000 00 Dt J gt 3y
1.682,682,347,764.50 1.041.730.670,015.13 546.697.793.750.00 (SE2) o Zids
5.048.047.042,202.49 3.125.192.010.045 28 1.640.093.281,250.00 o
100.931,188,992,351.06 925.00 _: s K 2 e
%158.57 (IRR) 32 4da s il 22 5y & 0

%158.56 G gy e

91.318.651.717.500.41 %25.00 = A iabes Gls S A
%140.30 (IRRE) & = sinls 3gis Aubisi g )
9140.30 et g inlem S ke 22 25 [RR
12/1413 Sl ks i 5 pald

COMFAR 13810 5 15 a3l 9 301 Wi, oo &l 80wl (5,135 dlo g (gldaiy 3 1YY S
Fig. 12: Investment costs of room and pillar mining in COMFAR software

Gl odds &yl il g BB gy a4 ime glysaiwl > (gole wloyw culS 3L 090 Hlged VY S )

Cwl

G Al S a8 - T g2 s oS
(U

408060000013

320050061013

208000004013

22008006+013

202020001013

& 120000084013

£000000¢+013

£0200006+012

o

405000004012
1402 1403 1404 1402, 1200 1407 1200 1400 1410 tane 112 41 iy

aly g BUT gy &1 (me 1,501 (53l dalo pur CulS 5l 2495 900 1Y JSS
Fig. 13: Diagram of normal payback period for room and pillar mining

wb g BBl Jhg) 4 (e () il )3 (93,5 ) dlepw CudSSL 0)93 Hlages 35 WSS

LJ“K )5.\94) )55.3.0 L)da) wb; JLl d.:'.c).u: L}f 6(\\‘:’\‘:) Pow JL» 2 ‘)|.>94>.3 L)i‘ ‘)»Lw‘ » .w1 04 43')1



WW G

JB g splang bbd 5l jeShe (og) (Jo ¥ 5l dm (53,5 0 dloyw CuiSilb @ dogi bl atiS p

S Ak A gen S 3430 - prani Slad GRG palld
(94)

80200001012

80000001012

700020001012

£00020001012

208090001012

400030001012

200000000013

2000900¢1012

100000001012

0

10809006012
1402 1403 1404 1400 1400 1807 1400 1408 1410 1411 112 1en N,

[ PV
Wl g BU1 (g, & ore gl 80wl (50,5 13 dylo pwr CuiS 3L 0493 13909 1V € JSUS
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Tab. 23: Economic comparison of quarry and room and pillar mining methods
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Abstract

Decentralized energy models such as Peer-to-Peer (P2P) electricity trading schemes can
provide a new and effective solution to increase the use of clean and renewable energy
source, in a situation where traditional electricity networks are confronting problems
such as energy imbalance, increased consumption, and environmental constraints. In this
framework, this study examines the effect of P2P electricity trading in the growth of solar
electricity generation in selected countries during the period 2000 to 2023. The effects of
variables such as the implementation of the P2P policy, electricity price, population, per
capita income, annual temperature, solar panel price, and composite economic development
index on photovoltaic electricity generation have been analyzed using the dynamic
panel data method and the systemic generalized moment estimator (GMM). Results
indicate that the P2P policy has a positive and significant effect on the growth of solar
electricity generation and plays an important role in enabling consumers and increasing the
motivation to invest in clean energy. Furthermore, economic and climatic factors including
factors such as growing electricity prices and air temperature have been identified as key
drivers in the incentive to install solar panels. Findings suggest specific policy solutions
for countries facing an energy crisis, while providing valid empirical evidence including
Iran. For Iran specifically, successful P2P implementation requires comprehensive legal,
technical, and economic infrastructure development, including specific trading regulations,
digital infrastructure enhancement, smart grid management, financial incentives for solar
installations, public education programs, transparent electricity pricing reforms, and local
energy market development to achieve sustainable decentralized energy transition.
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The issue of imbalance in electricity generation has become one of the growing challenges

1. Introduction

in developing countries including Iran in recent decades. The Iranian electricity network to
face instability in electricity supply emerged as a result of continuous surge in demand for
electrical energy, the growth of household and industrial consumption, high dependence on
fossil resources, and the lack of sufficient development in renewable energy infrastructure.
This situation has not only had a negative impact on energy supply, but has also been
accompanied by destructive consequences such as unplanned power outages, reduced
economic productivity, exacerbated energy inequality, and increased greenhouse gas
emissions.

In such situations, the need to reform the structure of electricity generation, distribution,
and consumption has become an inevitable necessity. Incidentally, one of the new and
innovative models is the Peer-to-Peer (P2P) electricity trading scheme. Consumers can
become electricity producers themselves and sell their surplus electricity directly to other
consumers in the local network, without local consumers being required to supply energy
through the centralized electricity network in this model. This approach is founded on
concepts such as decentralized electricity supply, the sharing economy, and digital
technology which has been accompanied by the growth of home solar panel installations
in various countries.

Implementation of this policy can encourage the development of solar electricity
generation, increase the resilience of the electricity network, and improve the efficiency of
the energy supply system in addition to reducing pressure on the central electricity network.
However, empirically examining the effect of the P2P policy in different countries in terms
of its impact on the actual growth of solar electricity generation is well-intentioned to do
further research. Analyzing the potential effect of this policy can be very helpful for
policymakers and macroeconomic decision-makers in resolving electricity imbalances.

The key aim of this paper is to empirically examine the effect of implementing the P2P
electricity trading policy on solar electricity generation in the selected countries. For this
reason, countries are divided into two groups with and without P2P policies, and its effects
are modeled econometrically over the period 2000 to 2023. The main research questions
include as follow:

1. Given that countries with and without P2P policies are measured simultaneously,
does the implementation of this policy affect the growth rate of solar electricity generation

in countries with P2P policies?
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2. Does an increase in network electricity tariffs result in an increase in the use of solar

panels for electricity generation?

3. What economic factors (such as population, per capita income, solar panel prices, and
the economic development level index in line with the dependence on renewable energy)
along with the share of renewable energies and geographical factors affect the growth of

solar electricity generation?

2. Methodology

As an applied type, this study is done with a quantitative approach based on panel data
analysis. In order to control the endogenous of variables and investigate the dynamics of
the system, the GMM system method has been utilized since it is appropriate for dynamic
models with a panel structure. The statistical population of the study includes the 10
selected countries in the period 2000 to 2023 including Australia, Germany, the
Netherlands, the United Kingdom and the United States which have been selected as
leading countries in implementing the P2P plan in this study, and New Zealand, France,
Sweden, Italy and Chile as countries which have not experienced implementing this plan.
The dependent variable of the model is the amount of electricity generated from solar
sources. The independent variables include the implementation of the P2P policy (binary
variable), electricity price, the share of renewable energies in total electricity generation,
public energy research and development costs, population, average annual temperature,

solar panel price and per capita income.

3. Research Findings
Results of the GMM system model estimation indicate that the implementation of the P2P
policy has a positive and significant impact on solar power generation. Average higher
growth in solar power generation in countries that have implemented this policy have been
reached in comparison to countries without this policy. In addition, the increase in the price
of network electricity as an incentive variable has led to a greater inclination to use solar
panels. Results also confirm that reforming the energy tariff system can be used as a policy
tool in order to expand renewable energies. Other findings include the positive effect of the
clean energy development index and population on the growth of solar generation. Annual
temperature also had a significant effect, indicating that warmer climates provide a better
opportunity for the development of solar energy.

One interesting point to notice is that the price of solar panels also affects positively on

solar generation, which at first glance seems contradictory; however, it can be interpreted
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as an increase in demand during periods of rising prices, as well as the development of

panel technology over time. On the contrary, the total share of renewable energy in total
generation did not affect significantly on solar electricity generation. This finding could be
due to the diversity of renewable sources (e.g. hydro, wind, and biomass) in different

countries, which results in the total share to increase, but not necessarily the solar share.

4. Conclusion

It can be concluded based on the research findings that the implementation of the P2P
electricity trading policy is an effective tool for developing solar power and reducing
pressure on the central electricity network. This policy can result in increasing network
resilience, active citizen participation in energy generation, and the creation of a
participatory energy economy, in line with the strengthening environmental sustainability.
Regarding the results of the empirical model, the effective implementation of the P2P
electricity policy in Iran requires the creation of the necessary legal, technical, and
economic infrastructure. This requires the development of specific rules for electricity
trading between subscribers, strengthening digital infrastructure, smart network
management, and providing financial incentives for installing solar systems at the
household and commercial levels. Furthermore, public training and promoting energy
literacy, especially in high-consumption areas, can pave the way for social acceptance of
this policy. In addition, reviewing the electricity pricing system and creating transparency
in tariffs, along with developing local energy markets, can provide an efficient platform for
accelerating the transition of Iran's energy supply structure on the way to a sustainable and

decentralized energy supply model.
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Abstract

The Social Security Organization is the only major fund in the country with the lowest
share of governmental support. This highlights the need for careful attention to the
organization’s revenues and expenditures. On the other hand, one of the most pressing
challenges in the country today is the financial issues of pension funds, which manifest
as a deficit of resources compared to expenditures. If not addressed, this issue could
significantly impact the entire economy. In the present study, efforts will first focus on
addressing, through actuarial models, how the financial sustainability of the Social Security
Organization would change with increased government contributions. Subsequently, the
organization’s financial sustainability will be evaluated within a dynamic stochastic general
equilibrium (DSGE) framework. Finally, the outputs of these two models will be compared
using data from 2016 to 2022. The findings indicate that a government expenditure shock
increases financial sustainability in the actuarial model, as it boosts the Social Security
Organization’s revenues. Consequently, the current value of the organization’s assets
relative to its updated obligations improves. However, the DSGE model reveals that the
updated value of the organization’s assets undergoes minimal changes. This is due to labor
market disruptions, including reduced willingness to work and increased wages. Moreover,
the updated obligations of the fund decrease, leading to improved financial sustainability,
though this improvement is less pronounced than in the actuarial calculations. Ultimately,
it can be concluded that government debt settlement with the Social Security Organization
has a positive effect on its financial sustainability.
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1. Introduction

The financial sustainability of public pension funds constitutes one of the most pressing
macroeconomic challenges confronting contemporary economies, particularly in nations
operating defined benefit systems under pay-as-you-go financing arrangements. In the
Islamic Republic of Iran, the Social Security Organization functions as the predominant
pension institution, extending coverage to approximately half the national population
including insured workers, pensioners and their dependents. Despite this extensive societal
reach, the organization receives the lowest proportional governmental financial support
among major public funds, rendering its fiscal position exceptionally vulnerable to
demographic transitions, labor market fluctuations and macroeconomic volatility. The
accumulation of government debt obligations to this organization has progressively
exacerbated structural resource-expenditure imbalances, compelling reliance on banking
system borrowing and public budget allocations, consequently amplifying inflationary
pressures and constraining fiscal policy space. Conventional actuarial methodologies,
extensively employed by international institutions including the World Bank and
International Labour Organization, evaluate pension fund sustainability through partial
equilibrium frameworks incorporating demographic projections, inflation assumptions,
discount rate specifications and contribution collection trajectories. However, these
established approaches fundamentally abstract from simultaneous macroeconomic
interactions that characterize real economic systems. When a pension institution interacts
with over half the national population, parametric modifications generate substantive
reverberations across labor supply decisions, household consumption and savings behavior,
government fiscal positions, monetary policy transmission mechanisms and firm
production costs. The existing scholarly literature extensively documents demographic
transition effects on pension system solvency, labor market participation responses to
retirement incentive structures and financial market implications of pension asset
accumulation strategies. Nevertheless, limited analytical attention has addressed the
bidirectional causal relationships between government debt settlement policies and pension
fund financial sustainability within comprehensive general equilibrium frameworks
incorporating endogenous macroeconomic adjustment mechanisms. This study addresses
this substantive analytical gap through developing a dynamic stochastic general
equilibrium model integrating household optimization across worker, job-seeker and retiree
categories distinguished by employment status and survival probabilities, New Keynesian
firm behavior exhibiting price rigidities and investment adjustment costs, pension fund
balance sheet constraints with funding ratio restoration policies, central bank monetary
policy adherence to Taylor rule specifications, labor market search and matching frictions
with Nash bargaining wage determination, and government fiscal accounts with explicit
pension transfer mechanisms and debt dynamics. The primary research objective involves
quantitatively evaluating how government debt settlement to the Social Security
Organization influences its financial sustainability while simultaneously assessing
macroeconomic variable responses including output, consumption, investment,
employment, wages, inflation and interest rates. The research further systematically
compares these general equilibrium outcomes with conventional actuarial calculations
conducted through PROST modeling software utilizing Iranian data from 2016 to 2022,
thereby illuminating methodological divergence between partial and general equilibrium
approaches and providing policy-relevant insights regarding parametric reform efficacy for
pension stabilization.

3. Analysis and discussion

The empirical findings reveal substantial divergence between actuarial and general
equilibrium assessments of government debt settlement impacts on pension fund
sustainability. Within the conventional actuarial framework implemented via PROST
software, simulations demonstrate that a government expenditure shock directed toward
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Social Security Organization debt repayment generates unambiguous financial
sustainability improvements. Projections extending to 2060 indicate that without policy
intervention, organizational expenditures would reach approximately forty percent of
national GDP while revenues remain comparatively stagnant, producing a persistent deficit
approaching thirty percent of GDP. However, incremental government contribution
increases equivalent to ten percent of the preceding year's deficit substantially improve the
present value ratio of organizational assets to updated obligations, temporarily achieving
full resource-expenditure equilibrium. This actuarial outcome derives from mechanical
revenue augmentation without considering behavioral adjustments or macroeconomic
feedback effects. Conversely, the dynamic stochastic general equilibrium model reveals
substantively different transmission mechanisms and final outcomes. Following a one
percent government expenditure shock with commensurate debt repayment, the updated
asset position of the Social Security Organization exhibits negligible variation. This
apparent paradox resolves through labor market disruption analysis. The government
expenditure shock induces labor supply contraction, with insured workforce participation
declining approximately four percent relative to baseline. Simultaneously, wage bargaining
power shifts toward labor unions, generating wage demands increasing nearly ten percent.
These twin adjustments fundamentally alter pension fund revenue composition. Although
government transfers increase, contribution base erosion from reduced formal sector
employment and elevated labor costs constraining firm hiring capacity counteract potential
asset accumulation. Pension fund obligations demonstrate more responsive adjustment,
declining slightly above three percent following the government expenditure shock. This
obligation reduction partially reflects discount rate variations and modified mortality
assumptions, though primarily derives from altered benefit accrual patterns associated with
disrupted workforce attachment. Macroeconomic variable responses exhibit heterogeneous
patterns. Inflation and nominal interest rates demonstrate relative stability, suggesting
monetary policy adherence to Taylor rule specifications successfully anchors inflation
expectations despite fiscal expansion. However, real marginal production costs increase
approximately eight percent, while capital marginal costs rise nearly two percent. These
supply-side cost pressures reflect wage bargaining outcomes transmitting through New
Keynesian pricing mechanisms. Comparative sustainability analysis demonstrates that both
methodologies confirm positive government debt settlement effects on Social Security
Organization financial sustainability. However, the magnitude divergence is substantial,
with general equilibrium sustainability improvements considerably attenuated relative to
actuarial projections. This attenuation directly arises from endogenous macroeconomic
adjustments, particularly labor-leisure trade-off modifications and wage-price dynamics,
which conventional actuarial frameworks exogenously specify rather than endogenously
determine. The findings fundamentally challenge the sufficiency of partial equilibrium
parametric reforms, suggesting that comprehensive structural reforms addressing labor
market formalization, contribution compliance, and benefit eligibility criteria remain
essential complements to government debt settlement policies.

4. Conclusion

This study investigated the effects of government debt settlement on the financial
sustainability of the Social Security Organization within a dynamic stochastic general
equilibrium framework, subsequently comparing these outcomes with conventional
actuarial calculations. The research contributes to existing pension sustainability literature
by formally integrating pension fund balance sheet constraints, household life-cycle
optimization across worker and retiree states, labor market search and matching frictions
with endogenous wage determination, and fiscal policy transmission mechanisms within a
unified general equilibrium structure calibrated to Iranian economic conditions from 2016
to 2022. Several substantively significant findings emerge from this analytical exercise.
First, government debt settlement positively influences Social Security Organization
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financial sustainability irrespective of methodological approach. Both actuarial and general
equilibrium models confirm that increased government contributions improve the present
value ratio of organizational assets to updated obligations. Second, the magnitude of
sustainability improvement diverges substantially across methodologies. Conventional
actuarial calculations project considerably larger sustainability gains than general
equilibrium simulations. This divergence originates from differential treatment of
macroeconomic feedback mechanisms. Actuarial frameworks treat labor supply, wage
rates, employment levels, and discount factors as exogenous assumptions. General
equilibrium analysis reveals these variables respond endogenously to government
expenditure shocks, with labor supply contracting approximately four percent and wage
demands increasing nearly ten percent following debt settlement implementation. These
behavioral responses partially offset direct revenue improvements from government
transfers, attenuating net sustainability gains. Third, government debt settlement generates
non-negligible macroeconomic repercussions. While inflation and nominal interest rates
demonstrate stability under credible monetary policy commitment, real marginal
production costs increased approximately eight percent with corresponding capital cost
elevations. These supply-side cost pressures potentially undermine international
competitiveness and long-term growth potential. Fourth, the divergence between partial
and general equilibrium sustainability assessments carries substantial policy implications.
Policymakers relying exclusively on actuarial projections may overestimate the efficacy of
parametric reforms centered exclusively on government contribution increases. Such
overestimation risks delaying necessary structural reforms addressing fundamental
sustainability determinants including contribution compliance, informal employment
prevalence, statutory retirement age adequacy, benefit indexation mechanisms, and
investment return optimization. The findings suggest that government debt settlement,
while beneficial, cannot independently resolve the Social Security Organization's structural
financial imbalance. A comprehensive reform strategy integrating parametric adjustments,
structural modifications, and consistent government debt servicing commitments remains
essential for ensuring intergenerational equity and long-term pension system viability.
Future research directions should explore optimal reform sequencing, distributional
consequences across income cohorts, and political economy constraints affecting reform
implementation feasibility.
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Graph. 1: Revenues, Expenditures, and Balance of the Social Security Organization before the

Increase in the Government Contribution Share (Source: Author's calculations, PROST

software).

# The calculation methodology is presented in Appendix (1).
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Fig. 1: Changes in the Updated Revenues of the Organization, Wages, and Labor Force after
the Increase in the Government Contribution Share (Government Expenditure Shock).
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Graph. 2: Ratio of Updated Asset Value to Liabilities before and after the Increase in the
Government Contribution Share (Source: Author's calculations, PROST software)
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Fig. 2: Changes in Fund Liabilities after the Increase in the Government Contribution Share
(Government Expenditure Shock) (Source: Author's calculations, Dynare software).
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Fig. 3: Changes in Selected Macroeconomic Variables after the Increase in the Government
Contribution Share (Government Expenditure Shock) (Source: Author's calculations, Dynare

software).
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Graph. 3: Comparison of the Increase in Financial Sustainability in the General Equilibrium

Model and Actuarial Calculations after the Increase in the Government Contribution Share
(Source: Comparison of outputs from PROST and Dynare software).

#In constructing this figure, the ratio of the fund's updated assets to its updated liabilities was

incorporated in both models to ensure the validity of the analysis.
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