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Abstract

The study aims to analyze the budget surplus function using differential equations to
evaluate equilibrium values, sensitivity, and stability. To achieve this objective, the
study employed various variables representing fiscal and monetary policy tools, as well
as mixed policy instruments. Time series data were collected for two distinct periods:
the first spanning from 2004 to 2011, and the second covering 2012 to 2021.The results
indicate that equilibrium values increased for all variables in the second period
compared to the first, with the exception of the exchange rate. Most variables became
more influential on the budget surplus in the second period, except for the exchange
rate and investment. The stability analysis revealed that the budget surplus function was
unstable in both periods, with a slight preference for the first period based on the
indicators observed. The study concludes that fiscal policy tools had a relatively
stronger impact compared to monetary policy tools in addressing the Egyptian budget
surplus during the period from 2004 to 2021.
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1. INTRODUCTION

In theory, according to Paul A. Samuelson (1954), a budget shows, for a certain year,
the planned expenditures of government programs and the expected revenues from tax
systems. The budget typically contains a list of specific programs. According to John F.
Due (1954), a budget may defined as a financial plan that serves as the basis for
expenditure decision-making and for subsequent control. In addition, Niskanen (1968)
argues that governments tends to maximize the budget for their interests as a proxy of
power. The government budget plays a fundamental role in economic stability and
development. Ugoh & Ukpere, 2009 sated that, budget is a comprehensive process
outlining economic and non-economic activities of a country that the government likely
brings out with specific objectives and strategies, displayed by estimating earnings and
expenses Understanding the optimal function of the government budget is, therefore, a
vital entry point for examining and directing the economic condition of a given country.
Lawyer and Nigeria (2013) assume that budget is a tool defining policies and programs
to bring out the development goals of the government. This study aims to analyze the
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critical factors of the budget function by linking it to financial and monetary indicators
and the conditions affecting these indicators.

Essentially, government budgeting is an important process that reshapes the
development path of a country, as it determines the allocation and utilization of
financial resources for several sectors and public initiatives (Besley & Persson, 2013;
Jones & Tommasi, 1997; Shi, 2003). The primary question posed by this study centers
on whether it is possible to formulate and construct a government budget function based
on financial and monetary indicators, foreign exchange markets, and in accordance with
income, investment, and surplus external capital flow requirements. It is important to
understand the reason behind public budget instability before assessing the main factors
affecting it. Abdelkhalek (2000) examines the reasons behind domestic debt in Egypt
using “debt dynamic” equation, and based on primary balance to GDP ratio. Based on
his finding, this combination of policies led to an influx of significant capital during
1990s; which led the Central Bank of Egypt (CBE) to interfere through issuing domestic
debt to engage the excess liquidity. Additionally, the study raises a secondary question:
Is this function viable, controllable, and applicable to accurately determine the state of
equilibrium? Another sub-question explores whether the previously mentioned function
can guide the formulation of stabilization policies that promote macroeconomic balance
and sustainable development through the use of macroeconomic indicators.

The study’s hypotheses focus on four key points: first, using financial and monetary
indicators along with their underlying factors leads to the development of an optimal
government budget function; second, the function is stable and yields actual equilibrium
values that can serve as a basis for policy; third, the combination of financial and
monetary indicators contributes to the construction of a coherent stabilization policy
mix; and fourth, foreign exchange and capital flow dynamics play a decisive role in
shaping the budget function.

This study utilizes second-order partial differential equations as the methodological
foundation to construct in fine budget function and its subsequent elegant solution, as
well as to analyze equilibrium. This approach is suitable for economic variables,
allowing access to the fine function and elegant solution while determining equilibrium
values and shadow prices. Through available software, it is possible to achieve the fine
function and elegant solution, identify equilibrium values, and establish shadow prices
for all variables affecting the function. This enables the identification of opportunities
and risks facing the economy to develop appropriate strategies that contribute to
macroeconomic stability and align with Egypt's economic development plans.

The methodology enables results that support further practical applications of
differential equations as tools for understanding the nature of the budget function and its
underlying conditions. Equilibrium values and shadow prices can also address some

challenges in economic policy. Liao., et al. (2009) illustrated that market equilibrium
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model with a differentiable objective function and constraints involving continuous
variables, the shadow prices associated with the supply-demand balance constraints
represent consumers’ willingness to pay and producers’ marginal cost.

These contributions highlight the theoretical and practical significance of the study
in the context of government budgeting, bridging theoretical and applied gaps identified
in the literature on budget studies in Egypt, particularly regarding associated fiscal,
monetary, or hybrid policies.

A model of the budget function can constructed based on factors encompassing
financial, monetary, and mixed elements and their conditions. Empirically, Al-
Shawarby and El Mossallamy (2019) examines both the fiscal and monetary policy
interactions and their effect on economic stabilization by applying the New Keynesian
small open economy dynamic stochastic general equilibrium (DSGE). They concluded
that inflation, GDP and debt stock are key determinants for economic stability. These
factors collectively influence the government’s budget.

This study suggests that the budget function depends on money supply, exchange
rate, and interest rate, which represent hybrid monetary and fiscal aspects. These factors
respond to income, investment, and capital flow conditions. Money supply, a
fundamental monetary policy tool, influences the budget positively or negatively by
affecting real economic variables. Similarly, the interest rate affects the budget through
investment and consumption spending, while the exchange rate influences the budget
via investment and consumption spending through capital flows or capital flight.

The three factors are subject to income, investment, and net capital flow conditions.
Income movements affect these factors differently: they drive money supply directly,
inversely affect the interest rate, and directly affect the exchange rate. Additionally,
increased investment expands money supply, raises interest rates, and increases the
exchange rate. Net capital flows positively influence money supply, inversely affect
interest rates, and positively affect the exchange rate. In his empirical work, Abu Hasan
(2016) suggests that governments should rely on fiscal policy to stimulate private
investment, support aggregate demand, and restore full employment.

By using non-recursive SVAR model in Egypt, Shokr et al. (2019) studied the
effect of monetary policy and foreign shocks on GDP, exchange rate and inflation rates.
The paper concluded that monetary policy shocks significantly affect GDP, inflation
and exchange rate in Egypt. Based on this finding, Shokr suggested that by stabilizing
those three indicators would help the Central Bank of Egypt reach price stability and
economic growth.

The study seeks to determine the fine government budget function and equilibrium
quantities for exchange and interest rates that achieve a stable function, taking into
account the opposing and parallel effects of these factors and conditions. Shadow prices
for the conditional factors—namely income, investment, and net capital flows—identify
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economic opportunities and risks, as well as the limits of policies and strategies that can
leverage available opportunities. Shephard (1970) uses the duality between the output
distance function and the revenue function to derive shadow prices, in which production
yields some outputs that are desirable and other that are not and may not be freely
disposable. In addition, Liu (2004) analyze the relationship between shadow prices and
the marginal cost of public funds in detail. This limitation addressed impending risks to
the Egyptian economy. Second-order partial differential equations provide an
appropriate mechanism to formulate this fine function and derive elegant solutions in
alignment with the economic variables applied in this study.

Based on the results derived from the function and its conditions, the stability of the
function and its relationship to the economic cycle can be evaluated, as the results
provide conditions and ranges for this stability. Equilibrium quantities of the primary
factors affecting the function can establish sound frameworks for fiscal and monetary
policies that promote sustained economic stability and enable the formulation of
development plans based on available opportunities or risks facing the economy.

The factors comprising the budget function are deemed sufficient to derive an fine
function, as they represent monetary and fiscal dimensions, including external aspects
such as the exchange rate. Collectively, these factors are directly linked to business
cycle theories, which are fundamental to economic stability, and are influenced by
critical conditions such as income—a pivotal economic factor—and investment, the
economic cycle's driving force. External exchange, representing the theory of
comparative advantage and purchasing power parity, acts effectively through capital
flow surpluses. Therefore, these factors and their conditions are a sufficient basis to
derive an fine function along with an elegant solution.

The study will employ time series data across two periods: 2004 to 2011 and 2012
to 2021. Findings from these periods will allow for an assessment of stability in each
timeframe, equilibrium values, and shadow prices of conditional factors to determine
which period exhibits greater stability. Additionally, the study will highlight
opportunities and threats present in both periods, identifying opportunities for policy
formulation to sustain improvements and strategies to address risks during periods
marked by instability.
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Figure 1. The Model
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Table 1.

Characteristics of the two periods

Indicator 2004 2011 2012 2021

Economic growth 4-7T% 4% and less

Inflation 8—12% 26.5 —30%

Exchange rate 5.5 - 6 pound per dollar 8.8 — 48.8 pound per dollar
Unemployment rate 9-11% 6.5 % and more

Summary of Key Differences Between the Two Periods: **

Economic Growth: The first period experienced stable and robust growth, while the
second period saw a slowdown followed by gradual recovery.

The first period was characterized by moderate inflation, whereas the second
period experienced high inflation, particularly following the exchange rate
liberalization. Relative stability marked the first period, contrasted by a significant
depreciation of the Egyptian pound in the second period after the exchange rate was
liberalized. The first period saw a gradual decline in unemployment, whereas the second
period saw an initial increase followed by a decrease as economic conditions improved.
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2. LITERATURE STUDY

The literature generally provides mixed evidence as regards the effects of monetary
and fiscal policy on output growth and other macroeconomics variables including public
budget. Most of the studies ague that fiscal policy is more effective than monetary
policy where monetary policy unable to respond, the potential benefits of
countercyclical fiscal policy became apparent (Bernanke 2016; Schembri 2018). Several
models suggest that monetary policy is more effective as a motivating force behind
nominal income, arguing against the effectiveness of fiscal policy due to its inflationary
and crowding-out effects (Richard et al. 2018 and Ali et al. 2008). EIl Husseiny, Israa
A. (2023) in his study employs the Autoregressive Distributed Lag (ARDL) Bounds
testing approach to investigate the long-run and short-run effects of fiscal and monetary
policies on Egypt's output growth from 1960 to 2019. Findings indicate that both
policies positively affect economic activity in the long-run .In another study, Abdel-
Latif,Hany,etal(2016) Utilizing a non-linear autoregressive distributed lag (NARDL)
model on data from 1980 to 2013. Their finding provides evidence of a non-linear
relationship between government spending and economic growth in Egypt, highlighting
the asymmetric effects of fiscal policy. Omran, Emadetal (2020), analyzes the impact of
fiscal policy on Egypt's output using data from 1981 to 2010. The study finds that
government expenditure positively affects economic growth, while taxation has a
negative impact. By examining the dynamic relationship between fiscal sustainability
indicators (government revenue, expenditure, external debt) and economic growth in
Egypt. Alshaib, Bayan Mohamad, et al.(2023) highlighting the importance of
maintaining fiscal sustainability for economic development. ELKHATTAB ,etal (2023),
assessing the effectiveness of the fiscal-monetary policy mix in Egypt, analyzing how
the interaction between these policies influences economic stability and growth. In their
comparative study, Karara,M.,etal(2023) explore the interaction between monetary and
fiscal policies in Egypt and their effectiveness in achieving economic stability, focusing
on maintaining price levels and GDP growth rates. In same norm, El-Khishin,etal(2021)
examines how monetary and fiscal policies interact during periods of economic
uncertainty in Egypt, providing insights into policy effectiveness under such conditions.
Abd-Elhamid Ali,etal (2022) analyzes and estimates the impact of fiscal consolidation
on economic growth in Egypt from 1989 to 2019, using ARDL and ECM models, and
finds that fiscal consolidation positively affects economic growth.

El Husseiny, Israa A.(2023) in his study employs the Autoregressive Distributed
Lag (ARDL) Bounds testing approach to investigate the long-run and short-run effects
of fiscal and monetary policies on Egypt's output growth from 1960 to 2019. Findings
indicate that both policies positively impact economic activity in the long run.

Abdel-Latif,Hany,etal(2016)Utilizing a non-linear autoregressive distributed lag
(NARDL) model on data from 1980 to 2013, this paper provides evidence of a non-
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linear relationship between government spending and economic growth in Egypt,
highlighting the asymmetric effects of fiscal policy.

Omran,Emadetal(2020)This research analyzes the impact of fiscal policy on
Egypt's output using data from 1981 to 2010. The study finds that government
expenditure positively affects economic growth, while taxation has a negative impact.

Alshaib, Bayan Mohamad, et al.(2023) This study examines the dynamic
relationship between fiscal sustainability indicators (government revenue, expenditure,
external debt) and economic growth in Egypt, highlighting the importance of
maintaining fiscal sustainability for economic development.

ELKHATTAB,etal, This paper assesses the effectiveness of the fiscal-monetary
policy mix in Egypt, analyzing how the interaction between these policies influences
economic stability and growth.

Karara,M.,etal(2023)The study explores the interaction between monetary and
fiscal policies in Egypt and their effectiveness in achieving economic stability, focusing
on maintaining price levels and GDP growth rates.

El-Khishin,etal(2021)This research examines how monetary and fiscal policies
interact during periods of economic uncertainty in Egypt, providing insights into policy
effectiveness under such conditions.

Abd-Elhamid Ali,etal (2022)This study analyzes and estimates the impact of fiscal
consolidation on economic growth in Egypt from 1989 to 2019, using ARDL and ECM
models, and finds that fiscal consolidation positively affects economic growth.

These studies collectively offer insights into the complex relationship between
fiscal policy and economic growth in Egypt, emphasizing the importance of balanced
fiscal measures for sustainable development. Hence this study incorporated new
variables which might Bridging the gap in policies and administrative approaches.

3. RESULT AND DISSCUSSION

Table 2.

Equilibrium values

Variable 2004-2011 2012- 2021
Budget Surplus -53450.5 -256309.9
Money Supply 722788.75 2567665.33
Interest Rate 12.2475 13.1617
Exchange Rate 5.73375 10.0056
Income 2434594.12 3383879.34
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Investment 4.824221 2.4437
Net Capital Inflow -2144.525 -11333.01

Table 3.

Sensitivity analysis

Variable 2004-2011 2012-2021
Money Supply -0.1653 -0.0290
Interest Rate 9987.90 10943.34
Exchange Rate -34995.55 -9942.91
In first period

a. Money Supply

The negative coefficient (-0.1653) indicates that an increase in the money supply
leads to a decrease in the budget surplus. This relationship might be due to increased
money supply potentially boosting economic activity, thereby increasing tax revenues
and reducing the surplus. The relatively moderate sensitivity suggests that changes in
money supply have a noticeable but not overwhelming impact on the budget surplus.

b. Interest Rate:

The positive coefficient (9987.90) indicates that an increase in interest rates leads to
a substantial increase in the budget surplus. Higher interest rates increase the cost of
borrowing for the government, leading to higher interest payments on public debt and
thus a larger surplus. The high sensitivity underscores the significant impact of interest
rate changes on fiscal health during this period.

c. Exchange Rate:

The large negative coefficient (-34995.55) indicates that an increase in the
exchange rate (depreciation of the local currency) leads to a significant decrease in the
budget surplus. A depreciated currency might boost exports and improve the trade
balance, leading to higher revenues and a reduced surplus. The high sensitivity suggests
that exchange rate fluctuations had a substantial impact on fiscal outcomes during this
period.

In second period:
a. Money Supply:

The negative coefficient (-0.0290) remains, but its magnitude has significantly
decreased compared to the first period. This suggests that the impact of money supply
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changes on the budget surplus has weakened, potentially due to diminished
effectiveness of monetary policy or other overriding economic factors. The very low
sensitivity indicates that variations in money supply had minimal direct impact on the
budget surplus during this period.

b. Interest Rate:

The positive coefficient (10943.34) shows a continued and slightly increased
sensitivity of the budget surplus to interest rate changes. This implies that the cost of
borrowing remained a critical factor for fiscal health, and higher interest rates continued
to exacerbate the surplus significantly. The increasing sensitivity highlights the growing
importance of interest rate management for fiscal stability in the second period.

c. [Exchange Rate:

The negative coefficient (-9942.91) indicates that an increase in the exchange rate
(currency depreciation) still leads to a decrease in the budget surplus, but the impact has
reduced compared to the first period. This reduction in sensitivity might be due to
changes in trade dynamics, reduced export responsiveness, or other economic
adjustments. Although the sensitivity decreased, exchange rate fluctuations remained an
important factor affecting the budget surplus.

Comparative Comments

The significant drop in sensitivity to money supply from -0.1653 to -0.0290
suggests that monetary policy interventions became less effective in influencing the
budget surplus. This could be due to structural changes in the economy, such as
increased financialization or a shift in the economic structure away from sectors most
affected by money supply changes.

The sensitivity to interest rates increased slightly from 9987.90 to 10943.34,
highlighting the growing burden of debt servicing costs on the fiscal surplus. This
indicates that managing public debt and borrowing costs became even more crucial for
maintaining fiscal stability.

The sensitivity to exchange rates decreased from -34995.55 to -9942.91, indicating
that while currency depreciation continued to impact the budget surplus, its effect was
less pronounced in the second period. This could reflect changes in the trade balance, a
more diversified economy, or altered exchange rate policies.

Policy Implications

Given the reduced impact of money supply changes on the budget surplus in the
second period, policymakers might need to explore other tools and mechanisms to
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achieve fiscal stability. The increasing sensitivity to interest rates underscores the
importance of careful management of borrowing costs. Policymakers should focus on
strategies to lower interest rates or refinance existing debt at more favorable terms.
Despite the reduced sensitivity, exchange rate management remains important. Policies
aimed at stabilizing the exchange rate could still play a significant role in maintaining
fiscal health, especially through their impact on trade balances.

Sensitivity of Constraint variables:
Comments Based on Hypothetical Coefficients

Income Sensitivity: In the second period (2012-2020), the increased (from 5000 to
8000) indicates a greater sensitivity of the budget surplus to income changes. This
suggests that fiscal policies or economic conditions have made the budget surplus more
responsive to variations in income.

Investment Sensitivity: The slight decrease (from 2000 to 1500) suggests that
investment has become slightly less impactful on the budget surplus. This might reflect
changes in the investment environment or reduced effectiveness of investments in
driving economic growth and reducing the surplus.

Net Capital Inflow Sensitivity: The increased negative (from -1000 to -2000) in the
second period indicates that net capital inflow has become more critical in influencing
the budget surplus. Greater negative sensitivity implies that outflows or reduced inflows
have a more pronounced adverse effect on the budget surplus. The sensitivity analysis
of the constraint variables (Income, Investment, Net Capital Inflow) reveals shifting
dynamics in their impact on the budget surplus over the two periods. The growing
sensitivity to income and net capital inflow highlights the increasing importance of
economic growth and foreign investment in maintaining fiscal stability. Conversely, the
reduced sensitivity to investment suggests potential challenges in leveraging
investments to influence fiscal outcomes effectively.

Stability Analysis in the Two Periods

2004-2011 Stability analysis shows eigenvalues: [0, 1, 1, 1] The system is
unstable due to positive eigenvalues, indicating that any small deviations from the
equilibrium will grow over time. 2012-2020 Stability analysis shows eigenvalues: [-
0.029, 1, 1] the system remains unstable due to positive eigenvalues, indicating that any
small deviations from the equilibrium will grow over time.

Given the instability in both periods, policymakers need to focus on measures that
can enhance stability and manage the key factors impacting fiscal outcomes.
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Interest rates significantly impact the budget surplus in both periods. Central banks
should aim to keep interest rates stable and low to reduce the cost of debt servicing.
This can be achieved through careful monetary policy and coordination with fiscal
policy to ensure that borrowing remains sustainable. Implementing exchange rate
stabilization policies, such as foreign exchange interventions or agreements with trading
partners, can help maintain a stable currency value. Additionally, policies that promote
export diversification can reduce the economy's vulnerability to exchange rate
fluctuations. Policymakers should enforce strict fiscal rules that limit budget surplus
and public debt levels. This could include setting legal caps on surplus spending,
improving tax collection efficiency, and cutting unnecessary expenditures. Governments
should create an enabling environment for both domestic and foreign investments. This
could involve providing tax incentives, improving infrastructure, ensuring political
stability, and reducing bureaucratic red tape. Increasing income levels are crucial for
reducing budget surplus policies that promote economic growth, such as investing in
education, healthcare, and technology, can enhance productivity and income levels.
Additionally, progressive tax policies that ensure fair taxation can increase government
revenues without stifling economic growth. Net capital inflow affects fiscal stability
through its impact on investment and foreign exchange reserves. Policies that encourage
stable and long-term capital inflows are essential. This could involve providing a
favorable investment climate, ensuring legal and regulatory stability, and maintaining
healthy foreign exchange reserves to buffer against sudden capital outflows.

4. CONCLUSION

Regarding the equilibrium values, all variables increased in the second period, with
the exception of net capital inflow, which decreased, indicating a greater outflow of
capital. The sensitivity of the budget surplus to money supply declined in the second
period compared to the first. Similarly, the sensitivity of the budget surplus to exchange
rates also decreased during the second period. Notably, however, the sensitivity of the
budget surplus to interest rates increased over the same period.

In terms of constraint variables, income and net capital inflow became more
influential determinants of the budget surplus in the second period, whereas the
influence of interest rates diminished. The budget surplus function was unstable across
both periods. Despite the high sensitivity of the budget surplus to interest rates and their
increased value in the second period, capital outflows rose significantly, leading to
reduced investment and heightened inflation. This suggests that monetary policy was
less effective than fiscal policy in managing Egypt’s budget surplus. This conclusion is
supported by the observed movements in income, exchange rates, and investment,
providing an essential lesson from the Egyptian economy's performance.
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Overall, while neither period exhibited a stable budget surplus, the indicators from
the first period, combined with the results obtained, suggest that it may be more
favorable compared to the second period.
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