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Using Least Square Residual Minimization techniques, this paper develops an optimal reserve model, known as the OPREM model, which is essential in optimizing the costs of reserve holding. The paper also sets-out to test and compare the relative predictions of economic trends of the OPREM model as well as the predictions of alternative models in literature. Establishing the predictive accuracy of economic trends of these models are crucial for the gradual and cost-effective accumulation of reserves. The research concludes that, the decision to optimize the cost of reserves under a stable currency environment is reliant on the gold impact factor and not on inflation or interest rates. We also found on further analysis of the OPREM that the OPREM model is better positioned to eliminate the procyclicality and perverse rush in reserve build-ups experienced in developing and emerging countries by effectively setting the reserve stock against economic trends. The research fixes the optimal reserves around a benchmark of 0.7–1.2 of previous year's optimal value. However, in the absence of past optimal values, a benchmark between 2 and 6 times of average inflows for short-term analysis or analysis with small data observations. However, for long-term analysis or analysis with large data frequency (i.e., exceeding 13 data observations), the reserve stock should be fixed on a benchmark of 2–9 times of the average inflows.
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“Reserve models produce imprecise estimates of reserve stocks” (Ghana, 2017).


Introduction

Research on assessing countries' reserve holdings has always been a relevant macro-financial indicator for the IMF and other world financial institutions (Abdul-Rashid and Yao, 2019). The country reports of these respective institutions seldom capture the reserve holdings of countries to demonstrate their preparedness and resilience to external shocks and exposures. These reports rely heavily on the research conclusions of Kindleberger (1961), Heller (1966), Ben-Bassat and Gottlieb (1992), Greenspan (1999), and Wijnholds and Kapteyn (2001), who use benchmark assessments and, occasionally, cost-benefit assessment of the reserve stock of countries. Though these previous works have contributed immensely to building the literature on the holding of reserves, the recent procyclicality observed in reserve build-ups in developing, and emerging countries, the absence of future growth projections in these models, and the presence of unrealistic assumptions have limited the usefulness of these models. These problems regarding the existing models have cast doubts on the effectiveness of reserve models in fixing optimal reserve stocks. Therefore, this research aims to develop a reserve model that optimizes the cost of holding reserves and assists in fixing reserve levels or estimates that are superior in terms of reduced errors in adjusting the reserve stock to economic trends.

The reserve model proposed in this research, henceforth known as the OPREM model, contributes significantly to the literature on reserves and has vast implications for central banks' management and investors. The OPREM model addresses and satisfies all three logics of holding reserves (i.e., liquidity, reasonability, and future projections) which existing reserve models partially address. Also, the better reserve adjustments of the OPREM model to changes in economic variables gives a long term view of the reserve stock instead of the Adhoc view of most of the reserve models. This advantage helps to avoid the rush and perverse accumulation of reserves in most developing and emerging countries. The Ghana (2017) proffers that the existing reserve models, especially the benchmark models, produce imprecise estimates of reserve stocks. This weakness comes as huge financial and economic costs to countries. Therefore, the absence of this type of research which seeks to re-engineer and mend the weaknesses in the previous reserve models, will spell disaster to many economies, especially developing and emerging economies whose needs for reserves are well documented in Roger (1993) and Abdul-Rashid and Yao (2019). Therefore, this research develops a reserve model that optimizes the cost of holding reserves and provides superior benchmarks in fixing reserve levels.

Heller (1966) pioneered the formulation and estimation of optimal reserves using cost-benefit analysis. Following his work was research works such as Hamada and Ueda (1977), Frenkel and Jovanovic (1981), Ben-Bassat and Gottlieb (1992), and Tule et al. (2015) expounding on similar concepts of assessing reserves based on costs-benefits analysis. These papers bear similarities in the way each model incorporates countries' risk exposure or risk level (π) in the reserve stocks. Also, the models are again similar in the way each of them views and interpret the cost of reserves (C0) as the consequence of a country running out of reserves. However, the way and manner in which each model handles and calculates these π and C0 create fundamental differences between the models or theories. These differences in the models can be seen in the works of two prominent researchers in reserve modeling, that is, Heller (1966) (henceforth known as the H-Models) and Ben-Bassat and Gottlieb (1992) (henceforth known as the B-G Models). The B-G models estimate the π from a cross-sectional analysis of borrowing countries that had defaulted from their external debt obligations and have had a renegotiation of their debts during the sample period. This approach introduces subjectivity and narrows the renegotiation of debts to the incapacity of the borrowing country. On the contrary, the H-Models derive the π from a symmetric random walk process. A simple random walk is symmetric if observations have a constant probability over time (Gujarati, 2004). Also, the H-Models summarize and depict the foregone GDP or aggregate output in an economy as representing C0. This approach of the H-Models in calculating C0 is also narrowing the scope of estimation compared to the approach in B-G Models. This approach, according to Clark (1970) and Ben-Bassat and Gottlieb (1992), limits the probable cost of defaults (πC0). In addition to these groups of reserve models, reserve models provide benchmarks against economic variables. Examples of such research works are Kindleberger (1961), Greenspan (1999), and Wijnholds and Kapteyn (2001). As essential as they are as start point for reserve stock analysis, these benchmark metrics give imprecise estimates of the reserve levels (Ghana, 2017). These imprecise estimates have led to a perverse rush in accumulating reserves in developing and emerging economies (Pina, 2015; Ghana, 2017). The OPREM model proposed in this research is to improve these models by eliminating the subjectivities embedded in the models. This objective is achieved by sticking to opportunity costs instead of probabilities as in previous models. Also fundamental to the OPREM model is the treatment of the reserve stock as a multi-faceted and multi-period fund that optimizes each component of the reserve stock separately. These are improvements made on previous reserve models.

Testing the developed research model, we found that during periods of currency stability, the cost of holding reserves for precautionary purpose is optimized by overlooking the prevailing interest and inflationary rates and only considering these two variables; (1) the percentage trade-offs between global gold prices and hard currency values, and (2) the economic value of gold, defined as the output of domestic currency in circulation divided by the amount of gold in reserves. Therefore, in a stable currency environment, the only random variable in the reserve model is the gold impact factor. Also, the research concludes that this OPREM model is better positioned to eliminate procyclicality in reserve build-ups by returning reduced errors in computations and producing better adjustments of the reserve stock to economic trends and conditions. We also find that the optimal reserves set by the OPREM model closely match the reserve level of the import metric. This finding shows that the reserves fixed by the 3-month import model are not entirely off the mark. However, it does not possess the precise and constant adjustments of the OPREM model, where reserves easily adjust to economic trends and conditions. In addition, this paper gives benchmark estimates of the OPREM values. A benchmark of 0.7-to−1.2 of previous year's optimal value is given when past optimal values are known. When the past optimal values are not already known, a benchmark between 2 and 6 times of the average inflows in an economy is recommended for short-term analysis or analysis with small data observations. However, for long-term analysis or analysis with large data frequency (i.e., exceeding 13 data observations), the reserve stock should be fixed on a benchmark of 2 to 9 times of the average inflows. A panel analysis of selected countries may be necessary to generalize these benchmarks, but this may not be necessary as IMF recommendation is for country-specific management of reserves. Lastly, the research reveals that the regression properties of the OPREM model are capable of being exploited to show banking and financial sector weaknesses in the simulated countries. This information helps with a quantitative approach to determining financial and banking sector weaknesses in an economy.

This research is organized into 5 sections. Section Introduction introduces optimal reserves, and the previous research works carried out in this area. Section Literature review present the theoretical and empirical literature. Section Theoretical model and hypothesis development explains and expounds on the theoretical reserve model proposed in this work and highlights the assumptions made in the derivatives. Section Specification of an econometric model specifies an econometric model with the optimal reserve results of the proposed model in section Theoretical model and hypothesis development. Section Results and discussions presents the research results and discussions. Section Conclusions summarizes the conclusions of the study and gives policy recommendations to economic agents and policymakers.



Literature review

This section analyses the theoretical and empirical literature of reserve models.


Theoretical literature

Foreign exchange reserves are assets held by monetary authorities in foreign currencies, including foreign bank deposits, treasury bills, short-term and long-term foreign government securities, gold reserves, special drawing rights, and the international monetary fund reserve positions. These assets support countries' liabilities and have become essential to monetary policies in open and liberalized economies (Roger, 1993; Assessing Reserve Adequacy—Specific Proposals, 2014; Abdul-Rashid and Yao, 2019). The knowledge of reserves, i.e., how to constituent the reserve stock and the thresholds, is more beneficial for developing countries with less developed financial markets to provide the needed liquidity to support businesses and the economy during crises (Roger, 1993; Hongxing and Rahaman, 2018).

There are two main reasons or motives for keeping reserves in an economy. These are the precautionary and non-precautionary motives or needs. Assessing Reserve Adequacy—Specific Proposals (2014) proffers that the non-precautionary motives of reserves are driven by policies to allocate revenues emanating from natural resources to future generations. These allocations explain why resource-rich countries are likely to hold more reserves. However, the precautionary motives of holding reserves are for intervention purposes and need to be prepared for emergencies and shocks in the economy. The intervention need for reserves is the primary focus of many research works on reserve holdings (Roger, 1993; Steiner, 2013; Pina, 2015; Ghana, 2017; Hongxing and Rahaman, 2018). In a survey of Assessing Reserve Adequacy—Specific Proposals (2014), about three-quarters of respondent country authorities viewed precautionary liquidity needs as the critical reason to hold reserves. This precautionary motive of holding reserves must address the following three logics:

• Provision of ready liquidity in times of shocks,

• Ability to sustain current growth figures and to propel the economy to future higher growth paths, and

• Reasonability in terms of costs of holding excess reserves that are not needed.

A good reserve model is, therefore, one that possesses all of these attributes. This feature, therefore, becomes the strength of the OPREM model we are proposing in this research.

Several factors influence the evolution and building of foreign exchange reserves. These factors are summarized as the changing patterns of international trade, institutional changes in the economy, and structural shifts in production (Oyeniran and Alamu, 2020). Also, fear of capital mobility by some central banks may influence the composition and amount of foreign exchange. Steiner (2013) asserts that many central banks use reserves as substitutes for capital control measures.

The effects of each of the factors on an economy are mixed. These mixed effects are partly because of the motive of keeping reserves and the extent of financial sector development and integration.

Furthermore, the production layout in a country equally has a great impact on reserves. For instance, a commodity-intensive economy may hold more reserves than a country that is not a commodity-intensive economy (Assessing Reserve Adequacy—Specific Proposals, 2014), working on international reserve growth for 24 developed economies and 154 developing economies between 1970 and 2009, observed that whiles the reserves of developed nations are shrinking, that of their developing counterparts are increasing. Figure 1B presents these differences in reserves.
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FIGURE 1
 (A) Critical Points Graph of the IFFG of the OPREM model. (B) Plot of the OPREM Component series (Reserve component analysis).




Empirical literature

Research on assessing a country's optimal reserves has become a relevant macro-financial indicator that the IMF and other world financial institutions have always sort to capture in their reports on countries' resilience to external shocks and exposures. These reports rely heavily on the research conclusions of Kindleberger (1961), Heller (1966), Ben-Bassat and Gottlieb (1992), Greenspan (1999), and Wijnholds and Kapteyn (2001), who provide benchmarks against economic variables and a periodic assessment of the cost-benefits of reserves. Though these previous works have contributed significantly to building the literature on reserves, procyclicality in reserve build-up of developing and emerging countries has raised the cost of reserve stocks in these countries. These have left several questions on the cost-effectiveness of benchmark models such as the imports model, reserve-to-broad money, and the Greenspan or reserve-to-short-term debts model. These doubts over the previous models have led Ghana (2017) to refer to these benchmarks as producing imprecise estimates of reserve stocks. Also, nonrealistic assumptions in some models, such as the zero reserve depletion assumption in Ben-Bassat and Gottlieb (1992), have dragged the optimal reserve level upwards and contributed to the increasing cost of holding reserves.

Heller (1966) was the pioneer in analyzing and formulating optimal reserves using cost-benefit analysis. This research was followed later by several works expounding on a similar concept (see Hamada and Ueda, 1977; Frenkel and Jovanovic, 1981; Ben-Bassat and Gottlieb, 1992; Tule et al., 2015). Most of these research works are similar in how they view and treat the reserve stock and the cost of default in meeting the external obligations of borrowing countries. These researches are grouped into two broad classes according to the approach and method of the research. The first group of researchers is those we have identified as following the approach of Heller (1966), henceforth known as the H-Models. The second group shares a similar approach with Ben-Bassat and Gottlieb (1992), henceforth known as the B-G Models. The B-G models estimate the potential cost of default (πC0) as a proxy for the probable cost of reserve depletion (π), this likelihood (π) is the probability that a country may become insolvent and has to face the consequences of not honoring its debts obligations to external borrowers. While the B-G models derive these probability assumptions from a cross-sectional analysis of borrowing countries that had defaulted from their external debt obligations and have had a renegotiation of their debts during the sample period, the H-Models derive their depletion probabilities (π) from a symmetric random walk process by viewing the probable cost of default as the foregone GDP (πC0). A simple random walk is symmetric if observations have a constant probability over time (Gujarati, 2004). Heller (1966) asserts that the probability function, from his random walk process, does not change with the level of reserves. This assumption breeds subjectivity in the methodologies of the H-models (Clark, 1970, and Ben-Bassat and Gottlieb, 1992). Also, both groups of reserve models view the cost of reserve depletion as the consequence of a country running out of reserves. However, the H-models narrow this scope down to the loss in GDP.

The research methodologies of the H and B-G Models do not collectively exhaust the logic of holding reserves. For example, the focus of B-G Models is on liquidity and cost minimization. It fails to factor in the sustainability of the current growth path and future growth projections. The H-Models only focused on sustaining current growth paths and future growth projections and cost minimization. It fails to consider the need for liquidity in the analysis. Table 1A shows the models for optimal reserve holdings and the logic or aims considered in previous research models' methodologies.


Table 1A. Models for optimal reserves and their Logics.

[image: Table 1]

What is common to these different methodologies is the incorporation of cost minimization technics. However, the cost minimization procedure methodologies differ significantly between these two broad models, as we have already explained. The methodology adopted in this paper minimizes the total cost of holding reserves by treating each component of the reserve stock as a separate fund or wealth which are exogenously related to one another in the reserve build-up process. We also treat the reserves fund as a multi-period account with perpetuity instead of the ad hoc treatment given to the fund by the H and B-G models. However, this paper also treats non-optimal reserves' cost as the variations in economic output along with the H-Models. The significance of this methodology is in highlighting the exogenous components of the reserve stock and emphasizing the continuity of the reserve stock.

Prabheesh (2013) determined India's optimal reserve level and indicated that the actual reserves are higher than the optimal reserves across the sample period 1994–2008, except for only the 1997–1998 period. Wijnholds and Kapteyn (2001) found that countries on a managed float or fixed exchange rate regime could maintain reserves to cover around ten to twenty per cent of broad money while the IMF suggests 3 months of import cover.



Ghana's economic outlook post COVID-19

Ghana is an economy that runs a managed currency regime. This system encourages the holding of foreign exchange reserves by the Central Bank for intervention into the currency market to ensure stability. Also, foreign exchange reserve is a useful tool for intervention against shocks and external vulnerabilities, and the quantum of reserves can be a good determinant of countries' resilience. The adequacy of Ghana's reserve stock for intervention purposes has been consistently questioned by researchers such as Hongxing and Rahaman (2018), Abdul-Rashid and Yao (2019) and the Ghana: 2021 Article IV Consultation-Press Release; Staff Report; and Statement by the Executive Director for Ghana (2021). This issue is recently revisited with great vigor when COVID-19 hit and exposed the vulnerabilities of the economy. The government response to the COVID-19 pandemic helped to contain the pandemic (Ghana: 2021 Article IV Consultation-Press Release; Staff Report; and Statement by the Executive Director for Ghana, 2021), but this was achieved at the expense of a record high debt or borrowing threshold, a growth rate as low as 0.4% in 2020, a record high inflation, and a deteriorating exchange rate, among others. Recently, Ghana's government debt instruments are classified as junk by major rating agencies such as S&P, Fitch, and Moody. These bad ratings have increased borrowing costs to government, hence, forcing government to re-focus attention to the domestic market to finance its activities. The directors of IMF asserted regarding the banking and financial sector in Ghana:

“… the financial sector cleanup had made the sector more resilient but stressed that banks' growing holdings of sovereign debt creates risks and crowds out private sector credit”

This recent outlook could have probably been different if the appropriate foreign exchange reserves for intervention were held by the Central Bank.




Theoretical model and hypothesis development

This section discusses the theoretical model of the proposed research and the development of the research hypotheses.


Theoretical model

This research uses both the inductive and deductive research approach to propose an Optimal Reserve model using the principle of Least Square residual minimization of Hard currencies and gold in the reserves stock of central banks.

We note that the amount and composition of the reserve stock of countries are different and that countries also have a financial obligation to optimize their holdings of these reserves. This research assumes that the best way to optimize a central bank's reserve holdings is to treat reserves as having an identifiable exogenous or separate component that can be maximized independently of one another (Assumption 1). These identifiable components include foreign currencies in the reserves of central banks, foreign bank deposits, foreign treasury bills, short-term and long-term foreign government securities, gold reserves, special drawing rights, and international monetary fund reserve positions.

We note that these assets are independent of one another and contribute differently to the reserve stock. The International Monetary Fund (2013) and Assessing Reserve Adequacy—Specific Proposals (2014) have classified these assets into liquid and less liquid securities and have advised against using less liquid securities in any research on reserve holdings for intervention. In line with the advice given in International Monetary Fund (2013) and the Assessing Reserve Adequacy—Specific Proposals (2014), this research has eliminated less liquid securities (excluding gold) in the analysis of the reserve stock of central banks.

The research also negates the complete depletion of reserves and emphasizes the carrying over from one period to another (Assumption 2). These pre-supposes that the reserve stock is a continuous or a perpetual fund that is reimbursed periodically. Proper management of this fund demands that inflows into the fund must be clearly defined and sources earmarked. This reimbursement is to ensure a perpetual building of the fund based on some acceptance criteria.

We further assume that the constituents or components of reserves are not equally represented in reserve holdings. We have therefore assigned weights of φ and ω to hard currencies and gold, respectively, in the reserves of central banks. Where we defined φ as the percentage of reserves that are in hard currencies, and ω as the percentage of reserves in gold. The research assumes a relationship between φ and ω and holds that the expression:

φ > ω,

is true for most developing and emerging countries today (Assumption 3).

This relationship is assumed because of the reduced role of gold and the increased role of hard currencies in reserve management for intervention purposes. The collapse of the fixed exchange rate system and the passage of the standard gold era support this theory. These have drastically reduced the significance of gold in central banks' precautionary reserves. For example, gold reserves in the case study country remain constant at 8.74 metric tons for more than a decade (Trading Economics, 2019).

Following these assumptions, the research has modeled the holding cost of reserves as:

The opportunity cost of holding Hard or foreign currencies (HCV)

[image: image]

The opportunity cost of holding gold in the reserves is in equation (1).

[image: image]

Where

HTC is the Total cost (opportunity cost) of hard currencies.

IFFG is the impact factor of gold or the opportunity cost of holding gold in the reserves.

By limiting reserve stock to only hard currencies and gold, we restrict the reserve stock to only two components. This approach brings to the fore other implicit assumptions such as a risk-free substitution between the Special Drawing Rights (SDRs) and hard currencies. This assumption is because of the similarities between hard currencies and SDRs in reserves of central banks. The elimination of Government investment in foreign assets and securities from the stock of reserves is because they are not readily available to assist or support interventions (i.e., illiquid). This method is in adherence to the International Monetary Fund (2013) and the Assessing Reserve Adequacy—Specific Proposals (2014).

The Total Cost of Hard Currencies (HTC), stated in equation (1), is expressed as:

Hard currency appreciation not taken advantage of now (CGU) plus (+) Hard currency depreciation in the future not avoided now (CDNA).

This definition, mathematically, is in equation (2).

[image: image]

Empirical research works have shown that the amount, fraction or percentage of hard currencies in reserves (φ), and its associated costs depend on the nature of the intervention hard currencies are used for (i.e., CGU or CDNA). For example, many research works associate large stocks of international reserves with undervalued exchange rates and currency depreciations (Aizenman and Sun, 2012; Dominguez et al., 2012; Pina, 2015). Therefore, the φ value, adjusted for the variance between the growths in differential inflation and differential interest rates, are used as weights for CGU and CDNA. Equal weight for CGU and CDNA means the absence of currency manipulations, and an unequal weight means the presence of currency manipulation by monetary authorities.

Therefore, the Total cost function in equation (1) is re-written in equation (3).
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Where
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Where

[image: image] is the mean of the Present Value of Hard Currency, i.e., HPVμ

[image: image] is the mean of the Future Value of Hard Currency, i.e., HPVμ.

We note that the variables HPV and HFV in equation (4) and equation (5) are the present value of hard currencies and the future value of hard currencies, respectively. Also, i in the equations represents the product of the period (t) and data frequency (j).

Note that the research placed some restrictions on the values of (j) in the model where we assume (j) to be constant within an analysis period (t). These values carry the same number as the year of analysis (Assumption 4). For example, all data frequencies or intervals for the first year take the number 1. For the second year, all data frequencies or intervals take the number 2, and so on. We mean that economic variables or agents take at least a year to respond to market information by this assumption. Assumption 4 was to control the effect of high-frequency data on the estimates of the time values. This assumption is consistent with conventional economics and theory because most economic variables in literature will only react to policy or market information with some lag(s). Therefore, economic variables or agents may not experience much change within a year t with j frequencies (Gujarati, 2004).

Therefore, the Total Cost function with gold and hard currencies in the reserve stock is re-stated in equation (6).

[image: image]

On the Impact Factor of Gold (IFFG), this research defines the effect of gold in the reserve stock of the central bank as the benefits lost on holding gold in the reserves. This is expressed as:

Global prices of gold in domestic currency – Real Economic value of gold.

The Real Economic value of gold is defined in this research as the Domestic currency in Circulation support ratings per gold in reserves. Economic or financial theory may define this as the opportunity cost of holding gold (a return that investors could achieve by purchasing or investing in other assets such as stock, bonds, or some hard currencies). As used in this research, the economic value of gold is therefore not estimating the opportunity cost of gold as in conventional theories. It is, rather, a measure of the extent to which gold in reserves can be optimized in other to strengthen or weaken domestic currencies relative to other currencies. This understanding of the relevance of gold in reserves is more crucial to countries with fixed exchange rate regimes. Therefore, fluctuations in the real economic value of gold will mediate the impact gold has on the economy (i.e., the IFFG). The measure of the economic value of gold (i.e., [image: image]) is used to weigh the risk of default on holders of a Nation's currency. Note that the B-G models estimate this potential cost of default (πC0) as a proxy for the probable cost of reserve depletion, whiles the H-models view the cost of default as the foregone output (i.e., GDP (πC0)) derived from the asymmetric random walk process.

Note that the decision to use currency in circulation (CIC) in the computation of the economic value of gold and not broad money (M2) is because the former is money created by a central bank which gold in reserves are used to support. This is not the case with M2, which include monetary instruments created by commercial banks on a fractional system basis. The IFFG is expressed in equation (7).
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Where

GGPd is the global gold price in domestic currency, also written as GGP.

DCIC is Domestic currency in circulation.

G is the number of gold in reserves (measured in an ounce).

The research objective is to minimize the cost function in equation (7). We, therefore, state the minimization function as:

[image: image]

Where

SM is the ‘stability monitor or indicator’ and expressed as:

[image: image]

SM addresses the trade-off between hard currencies in reserves and gold in reserves (i.e., assuming gold were to be exchanged for some hard currencies). Each of these elements in the composition of the central bank reserves has a unique benefit. For example, experience has shown that hard currencies are relatively stable, especially when protecting against the downside (a decline), while gold prices are highly volatile. However, gold turns to appreciate faster. Therefore, the SM index helps us incorporate past, current, and future trade-off growth expectations between the amount of gold and hard currencies in the IFFG. In short, the SM index in equation (10) plugs in growth expectations and opportunity cost in the IFFG. The SM index has implications for managers in the management of the reserve stock. It indicates when to consider gold in reserves and when not to consider gold in reserve management. This condition is simply dependent on the value of the SM index (i.e., When SM = 1, freeze gold out. Otherwise, unfreeze gold in the equation of optimal reserves).

To plug in the actual time it takes to realize the growth expectations of reserves, we take the log of the IFFG.

[image: image]

Where:

ω is the weight of gold in the reserves of a central bank, and ′2′ is a constant in the formula to avoid a negative IFFG.

Therefore, the Total Cost of holding reserves is expressed as:

[image: image]

Having estimated the Total opportunity cost of holding reserves, we multiply the cost by a country's total inflows. This inflow is a measure of a country's exposure to international transactions and trade. We measure this exposure as the simple average sum of a country's Total Imports, Foreign Direct Investment, and Total External Debts.

Many researchers and models have used either one of these variables to measure exposure to external influence and shocks, especially the imports. The procedure of using the average of more than one variable in this research is to avoid sticking to inelastic variables, such as imports, which do not often allow for easy adjustments to economic trends in developing countries.

The final drove model, i.e., the Optimal Reserve Model (OPREM), is stated as:

[image: image]

Where

‘INFLOWS' is the average sum of a country's Imports, Foreign Direct Investment, and Total External Debts.

The reserve model in equation (12) addresses shortfalls in previous reserve models by addressing the three main logics of holding reserves already outlined in the introductory section.

Firstly, the reserve model proposed in this research increases the reserve stock's adaptability to adjust to economic trends and activities. These auto-adjustments increase reserves' effectiveness as a monetary policy tool, and again, as a protection against external economic fluctuations most prevalent in developing and emerging countries.

Secondly, the proposed model sets reserve stocks that are highly liquid and will be readily available if a shock hits the economy. We achieved this feat by withdrawing less liquid securities such as government investments in bonds and equities out of the reserve stock. Also, the total cost function, which is also a measure of the potential risk of holding reserves, is multiplied by the average total inflows, not just a single sectoral variable like M2, short-term debts, imports or exports. This approach protects the OPREM model from the inelastic behavior some of these variables exhibit. This behavior mainly results in imprecise estimates of the reserve stocks (Ghana, 2017). Besides, many researchers and models have used either of these variables to measure exposure to external influence and shocks, especially the imports.

Thirdly, the assumption of no zero depletion of reserves and the reserves stock's perpetuity ensures that the current stock of reserves is always sufficient to sustain current and future economic growth projections. Also, the research model satisfies the last logic of holding reserves (i.e., to reduce the total cost of holding reserves) by minimizing the Least Square Residuals of the cost of each component of the reserve stock over time. This methodology uses a component-based approach to minimizing the total cost of reserves. Many research works have approached this based on probabilities and perceptions developed by market agents on the default risk. Ben-Bassat and Gottlieb (1992) assert that this approach introduces subjectivity in previous research models.



Partial derivative of the OPREM model

This section begins from Equation (12).
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We now take partial derivatives of OPREM with respect to these three variables:

i.   HPV,

 ii.  HFV, and

  iii. GGP.


Derivative of OPREM with respect to HPV

[image: image]

The variable; INFLOWS, is a number which value cannot be zero (0) so long as a country operates an open economy. Therefore, INFLOWS ≠ 0 (Condition 1). Also, the proportion of Hard Currencies in a country's reserve, i.e., φ, cannot be zero (φ ≠ 0) (Condition 2). This makes sense as a country's Central Bank will always have some holdings of foreign currencies.

To calculate for the value of HPV, we set the function 2φ (1 − g(dinf − r)) to be greater than zero (Condition 3).
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This is because,
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For (dinf − r) = 1 to be true, the Central Bank must not take any action when inflation is changed by 100%. This scenario is highly unlikely especially in an inflation-targeting economy where interest rate is the main monetary policy tool and is also not likely to be zero (0). Therefore, the condition in equation (16), i.e., (Condition 4), and equation (15) are true for real world situations.

Given the fact that condition 1, 2, and 3 exist, the Equation (14) which is:
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Can only be zero (0) if;
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Note that equation (17) is only true on the condition that:
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This condition simply implies that the present value of hard currency, HPV, must be equal to the average of present value of hard currency HPVμ. This means the spread or dispersion is zero. Condition (5) can, therefore, only exist in an environment of currency or exchange rate stability. Therefore, for Equation (14) or the effect of the HPV to be zero, an economy should have a stable currency or exchange rate. From this analysis, the effect of the HPV on reserve stock accumulation on developed nations will be relatively small compared to their developing counterparts.



Derivative of OPREM with respect to HFV
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Setting [image: image],

we have;
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But since φ, and 2φ (g(dinf − r)) are already defined under condition 1 and 3 as not equal to zero (0), i.e.:

φ ≠ 0, and

(g(dinf − r)) ≠ 0

The only condition under which Equation (19) will be zero (0) is:
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Or;
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Therefore, for the effect of the HFV to be zero, there should be zero spread between HFV, and HFVμ. The only instance under which this is also possible is when participants in the foreign exchange market belief the currency or exchange rate will remain unchanged in the future. Under this condition, the effect of the HFV on reserve stock accumulation is zero.



Derivative of OPREM with respect to GGP

For the [image: image],

We let,
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Note that;
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Therefore, substituting Equation (22) into Equation (21), we have:
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Setting [image: image], we have
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Now, we will have to find a GGP value that satisfies the equation above, and will minimize the OPREM. Since Equation (31) involves two functions, we resort to solving this problem using graph plots in MATLAB where we represent GGP by x, and [image: image] by k. However, we note here that k ≤ 1 (Condition 6). This is because every currency in the economy must be support by gold (i.e., the Gold Standard System). Table … therefore computes the minimum impact of IFFG on reserve accumulation by taking [image: image] or k values of 0.1–1. The following equations are written to solve these functions in MATLAB:

syms x

y1 = log(x − k);

[image: image]

fplot(y1, [0 2]);hold on; fplot(y2, [0 2]);

xlabel(″GGP″)

ylabel(″y″)

title(′Economic value of Gold is k′)

legend [image: image]

x_int = solve(y1 = =y2, 0)

x_int = eval(xint)

y_int = eval(subs(y2, x_int))

The output graphs of the computations are shown in Figure 1A.

Table 1B shows the values of [image: image], and GGP. When these values are put back into the function of IFFG, we will get the impact gold has on reserve stock accumulation. Table 1C calculates the OPREM values given that the effect of hard currencies is zero (i.e., HPV − HPVμ = 0 and HFV − HFVμ = 0 which means stable currency or zero standard deviation of the present and future values of hard currencies). Exchange rates are stable when there is zero dispersion or standard deviation of the present and future value of hard currency. Under this circumstance, the effects of hard currencies in the reserve stock build-up for precautionary purpose will be zero regardless of prevailing interest rates and inflationary figures. This will cause the minimum and maximum reserves to accumulate or hold to be a product of the minimum and maximum critical values of the gold impact factor and the “inflows” into an economy, respectively. For instance, in Table 1C, at the [image: image] value of 0.1, the graphical approach for solving simultaneous equations in MATLAB found two critical values (i.e., the Minimum value and the Maximum value). At these values, the optimal reserves, when exchange rate is stable, should be within the range of GHc130,994,530.58 – GHc676,221,501.47 of the amount of gold (see Table 1C). The major determinants of these amounts are the Stability Monitor (SM) which is the percentage trade-off between global gold prices and hard currencies, and also the domestic currency in circulation in the economy. The optimal reserve values when this condition is not held are attached as a Supplementary Document.


Table 1B. Critical Value points for the IFFG function.
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Table 1C. Optimal Reserves for different critical values given exchange rate stability.
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Hypothesis development

There is still little agreement on assessing and estimating central banks' reserves holdings or adequacy levels, even though this is a critical aspect of a country's external stability assessment (Assessing Reserve Adequacy—Specific Proposals, 2014). The literature on central banks' foreign exchange reserves holdings and adequacy levels have been vast, and all seek to address the common issue of how reserves can be perpetually built and made available for an intervention into the domestic economy whiles at the same time avoiding locking-up scarce resources in the reserves of central banks.

Ghana has been used as an experimental case to test the proposed reserve model in this research. The (Ghana, 2017) has bemoaned the lack of adequacy of Ghana's International reserves stock in satisfying the import metric benchmark of reserves, even though the reserves stock far exceeds the ceilings of other reserve metrics such as the Reserves-to-M2 metrics and the short-term debt metrics (Hongxing and Rahaman, 2018). This situation begs whether one reserve model is superior to others as a standard for reserve build-up. This couples with the fact that Ghana has been one of the most unstable economies in Sub-Saharan Africa, translating into high inflation and a frequent currency depreciation (Ghana, 2017). In addition, the choice of Ghana for this experimental study is because Ghana runs a managed currency regime system which makes proper management of the reserves a vital duty for the central bank.

The basic idea in this research is that a cost-effective reserve model should possess one of two characteristics, i.e., it must first have good directional predictive accuracy of economic variables, and second, it must have a near-perfect magnitude adjustment to economic variables. These criteria are necessary features of the reserve stock to stabilize the economy and make trade competitive in the domestic financial and goods market. Therefore, for any optimal reserve model to be effective, it must satisfy at least one of these two criteria.

On the first criteria, i.e., the directional predictive accuracy of economic variables, we tested the OPREM model in this research and compared it to the first group of research models that treat reserves as a fraction of a particular economic variable. The second group of researchers modeled the optimal reserves on cost-benefit analysis, so comparing this group and the OPREM model must consider both the first and second criteria of a good reserve model. This research focuses on the first criterion, which has led us to develop the OPREM model and compare alternative research models in the first group of researchers. This, therefore, implies that we only concentrate on the directional predictive accuracy of the models. The hypothesis below summarizes the test in this research.

H10: The OPREM model has a better prediction of economic trends than the alternative optimal reserve models in the literature.

H20: Incremental changes in the reserve holding set by the OPREM model are equal to the incremental changes in inflows.




Specification of an econometric model

This section illustrates the OPREM model by conducting a simulation on Ghana using data from 2000 to 2016. The component or variable weights φ and ω in the OPREM model, which is not data collected or computed, are informed by the current structure of Ghana's reserves and the features of the managed currency regime practiced in Ghana. Also, this section compares the predictive accuracy of the OPREM model to trends in economic transactions. This comparison reveals the extent of exposure to economic shocks and vulnerability.


Data

The variable used in this experiment is the monthly OPREM series which is the optimal reserve values produced by the reserve model developed in this research (Abdul-Rashid and Hongxing, 2022). Table 2 shows the research variables in deriving the OPREM model and their definitions.


TABLE 2 Research variables.
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The computed variables (i.e., HCV, HPV, HFV, and Inflows) are crucial in the OPREM model. The value of Hard Currency (HCV), at period i, is the simple average of the US, Euro, and Britain-Ghana exchange rates.

[image: image]

To impute the volume of trade and Central Banks' holdings of foreign exchange into the HCV, it would have been more appropriate to use weighted averages (where the weight of each currency will represent the volume of trade between the foreign country and the home country). However, insufficient data or records of trade in most developing and emerging countries preclude us from using such an approach. For instance, the Bank of Ghana calculates Nominal Effective Exchange Rates, which uses the trade volume between its main trading partners as weights, but this information is sparingly determined. Therefore, to ensure standard application of the model, we propose a simple average approach of calculating the HCV.

The HPV, which is the variance of the present value (PV) of Hard currency, is computed as:
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Where
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N is the number of population, and

i is the period or year which is the same for all data frequencies falling within the same year or period.

Also, the HFV, the variance of the future value (FV) of Hard currency is:
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Where
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N is the number of population,

i is the period or year which is the same for all data frequencies falling within the same year or period Supplementary Tables A, B, E shows the computations of HPVi, HFVi, and HCVi, respectively.



Test of unit root

We must confirm that the OPREM series is stationary [i.e., I (0)] before specifying and estimating an econometric model for its analyses. A unit root test in Table 3 indicates the OPREM series is only stationary in the second difference, and therefore an I(2) process. We, therefore, transformed the series to the second difference.


TABLE 3 Unit root test.
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Determining AR (p) and MA (q) terms

To select the Autoregressive (AR) and Moving Average (MA) order of the OPREM series, that is, p and q, respectively; we analyse both the Auto-correlations Functions (ACF) and the Partial Auto-correlations Functions (PACF) in the correlogram in Table 4A. The use of the correlogram in this research follows Box-Jenkins (BJ) methodology, where we select the ARMA terms [i.e., the AR(p) and MA(q) terms in economic time series data] with a correlogram.


Table 4A. Correlogram for ARIMA specification.
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The correlogram in Table 4A shows that the OPREM time series is an MA (2) process as the PACF Decays geometrically, and ACF is significant at lags 1 and 2 only. Gujarati (2004, p. 835) asserts that the BJ methodology is an iterative process and must consider estimating several alternative ARMA models with the determined model of the correlogram as the based model. Therefore, Table 4B shows the information criteria of the alternative combinations of AR(p) and MA(q) terms. Both Akaike Information Criterion (AIC) and the Schwarz Information Criterion selected ARMA (0, 1) as the best fit model instead of the based model of the correlogram, which is ARMA (0, 2). Therefore, the final fitted model is ARIMA (2, 0, 1) model. We, therefore, use the Autoregressive and Moving Average class of models to estimate this property of the OPREM series.


Table 4B. Information criteria of alternative models.

[image: Table 4]



Set-up of the empirical model and estimation

The general set-up of the ARIMA model is ARIMA (d, p, q), where d is the order of integration, p is the AR term, and q is the MA term. Therefore, the estimation of the model shown in Table 5 captures the MA terms but no AR terms.


TABLE 5 Model estimation output.
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The estimated ARIMA model ARIMA (d = 2, p = 0, q = 1) on the OPREM series is, therefore:

[image: image]

Where

Xt is an exogenous trend variable imputed into the model.

α0 is a constant term.

et is the contemporaneous error term.

et − i is the lag error term or Moving Average (MA) term.

The model's estimate in Table 5 shows that the lag error regressors of the model are all statistically insignificant, and only the deterministic terms (that is, the constant and the trend) are significant at the 10% level. This statistic shows the OPREM series is a random walk with drift and a stochastic trend. The test outcome in Table 5 depicts the necessity of non-zero depletion of reserves and the significance of time, t, in the simulated country's optimal reserves build-up (Ghana).

The ACF and the PACF, together with the Ljung-Box test, can check serial correlations. The ACF and PACF correlogram test, therefore, show no serial correlation in the OPREM series. Table 6 shows the residual diagnosis test of this model.


TABLE 6 Residual diagnosis test.
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Benchmarking the proposed reserve model (OPREM)

Two methods were used in benchmarking the estimates of the OPREM model. The first method uses the average opportunity cost method, where each reserve stock component's opportunity cost is calculated and totaled. The average of the total opportunity cost is calculated and plotted on a line graph. Figure 2 shows a graph of a yearly analysis of this benchmarking and reveals that the average opportunity cost of the simulated country lies between a bandwidth of 0.8 and 1.2 of the optimal reserve value of the preceding period. These values then become the base model or strategy for the sensitivity analysis in Section Pesaran-Timmermann directional prediction test and sensitivity analyses test.


[image: Figure 2]
FIGURE 2
 Average Opportunity cost method of Benchmarking the OPREM model.


The average opportunity cost method is only applied in fixing the reserve stock when optimal reserves is calculated for successive times, i.e., t + i. Equation (33) therefore shows the estimate of the reserves in this benchmarking approach.

[image: image]

Where,

OPREMt is the optimal reserve for the current period or time (t).

i is the number of periods ahead.

Also, the second method employed in benchmarking the OPREM is the ratio method. This ratio is expressed as a percentage of the average inflows in an economy. Figure 3 shows the range or width of the ratio benchmarking between 20 and 30% for the simulated country. Policymakers can apply this approach without prior knowledge of the preceding or current OPREM values. We will, therefore, use these values as the base measurement for the sensitivity analysis in Section Pesaran-Timmermann directional prediction test and sensitivity analyses test.


[image: Figure 3]
FIGURE 3
 Ratio Benchmarking of the OPREM model.


For the standard metrics in literature, the mathematical models of the import and broad money follow the benchmarks below:


Import metric or benchmark

[image: image]

Where:

Y is the Optimal Reserve Stock level.

X is the Import value.

t is the current time.

i is a lag period.

ε is the adjustment to the reserves in the current period (t).

And the Broad Money Metric or Benchmark is expressed as:

[image: image]

Where:

Y is the Optimal Reserve Stock level,

X is the Broad Money value,

t is the current time,

i is a lag period,

ε is the adjustment to the reserves in the current period (t).

The mathematical expressions above become the basis for the computations of the optimal reserve thresholds for the OPREM model, Import metric, and Broad Money (M2, M2+) metrics or benchmarks in the supplementary estimates in D1 and D2.




Pesaran-Timmermann directional prediction test and sensitivity analyses test

Information usually is valid if we can explore it to improve decision processes (Blaskowitz and Herwartz, 2011). The upward and downward movement of economic variables is crucial for economic decisions, and therefore, forecasting or predicting the direction and trends of economic variables can provide practical frameworks for decisions.

Diebold and Mariano (1995) and Granger and Pesaran (2000a,b), among others, asserted that in evaluating the significance of forecasts, the realized economic value is often more logical than statistical values such as the mean squared error or the absolute forecast errors. Generally, these forecast criteria suffer from a lack of economic meaning and usually produce unreasonable forecasts far away from the realizations of the variable of interest (Armstrong and Collopy, 1992; Granger and Pesaran, 2000a,b; Pesaran and Skouras, 2002). Therefore, forecast evaluation criteria which relate to decision making, and are often reliant on forecasts of the directional change of the variable's up- or downward movements, are more beneficial (Cook, 2014).

In this study, we use a directional forecasting technique similar to Granger and Pesaran (2000a,b) and Pesaran and Skouras (2002) to compare the theoretical reserve metrics such as the B-G and H-models with the output of the OPREM model. The OPREM model in the test becomes the based model, and the underlying theories become the variations in the based model. The variations or changes to the based model are to observe the effects of parameter changes on the models' predictions on economic variables. This approach also tests which model (the based model or the alternative empirical models) best predicts the direction of economic transactions in the simulated country.

Our decision to observe the predictive effects of the models and parameter changes on changes in economic variables, but not on investor sentiments or sovereign risk, is because reserve build-ups or accumulation is supposed to protect against economic shocks or fluctuations. Therefore, the approach where reserve accumulation is matched against trends in economic variables is beneficial to monetary authorities and will enable the appropriate directional adjustments of central banks' reserves holdings. Besides, investor sentiments and sovereign risks are qualitative measures that are vulnerable to data subjectivity.

Pesaran and Timmermann (1992) used a non-parametric test to examine the effectiveness of a forecast to predict the direction of a change in a series of interests. This test computes the proportion of the forecast values that have the same sign as the actual series data. Assume the series of interest, denoted as yt and its forecasts are xt, the Pesaran-Timmermann test (Sn) is defined as:
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Where

Sn is the standard test statistic,

[image: image] is the proportion of times that the sign of yt is predicted correctly,

Py is the probability of y,

Py is the probability of x.

Note, therefore, that:
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Under the null hypothesis of xt not been able to predict yt. Note that Sn also follows the standard normal distribution.

Table 7 shows the Pesaran-Timmermann test statistic (PT-test) of the reserve models' directional predictions to the trends in economic variables such as the Composite Index of Economic Activity, Inflation, and Interest rate differentials in Ghana. The test output suggests that the OPREM model, which is the based model, predicts the direction of the economy better than the alternative models.


TABLE 7 Pesaran-Timmermann test statistics.
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However, when considering the Mean Square Errors or standard forecast measures, the OPREM model was the worst performer. These standard measures are but only statistical measures that calculate the variations in the variables and models in absolute numbers. Diebold and Mariano (1995) and Granger and Pesaran (2000a,b) asserted that these statistical measures suffer from a lack of economic meaning. This is why the Mean Square Errors were not used in the decision. Besides, the decisions whether to withdraw or increase the reserve stock is central to the building of the reserve stock, and predicting the direction of flow (i.e., either increase or decrease), using the PT- test statistic, is essential.


Sensitivity analysis of the OPREM test

Assessing the sensitivity of the OPREM model to changes in the weights and benchmarks is relevant to policy decisions. Firstly, we assess the chance or likelihood of the optimal value computed from the OPREM model falling within the domain of the benchmarks given different data frequencies. Tables 8A,B show these likelihoods or probabilities for different strategies (including the based strategy or benchmark) under the opportunity cost approach to benchmarking in Section Benchmarking the proposed reserve model (OPREM). Interpreting these probabilities, we observed that the benchmark values in strategies 1 and 2 in Table 8A would return the same likelihood values when the data frequency is <7. However, strategy 1 has a slight edge over strategy 2 when the frequency of the data is between 7 and 13, and much superior when data frequency exceeds 13. This implies that the two strategies give the same results when the analysis period is short but differs over prolonged periods. Therefore, strategy 1 increases the likelihood of the optimal value falling in the benchmark domain in long-term periods or observations (i.e., periods exceeding 13 data frequencies). Besides the robustness of strategy 1 in reining in the optimal solutions of the OPREM model, Pannell (1996) asserts that the significance of these decisions or changes from the based solution(s) must be evaluated. Therefore, we employed the Spearman Rank Correlation test and the t-test of significance in Table 9 to assess whether the difference in strategy 1 and strategy 2 is anything significant.


Table 8A. Probabilities of the OPREM meeting the lower band width given the data frequency.
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Table 8B. Probabilities of the OPREM meeting the higher band width given the data frequency.
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TABLE 9 Spearman rank test and the t-test of significance.
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The results in Table 9 conclude that the two strategies are significantly different and should be implemented. Therefore, we will be revising the lower band of the opportunity cost approach to 0.7 (i.e., strategy 1).

Also, for the higher bandwidth values in Table 8B, four different strategies, including the based strategy, can produce a 90% chance or likelihood of the optimal value falling within the benchmark domain. These four strategies have their best performance when the data frequency is more than 13, and the differences between them are also significant. However, because each of these strategies has met a minimum of 90% likelihood rate, we decided to maintain the based strategy to avoid holding excess reserves in most of the periods. Therefore, the complete benchmark of the OPREM model, using the opportunity cost approach, is 0.7–1.2 of the immediate pass period's reserves.

Furthermore, the sensitivity of the ratio approach of benchmarking to the variations in different strategies has been analyzed in Tables 10A,B. In Table 10A, strategy 1 and 2 in the lower band statistics both achieves a 100% chance of the optimal values falling in the domain when the frequency of data analyzed is <7, or between 7 and 13. However, when data frequency exceeds 13, the two strategies produce different results. Strategy 3 in Table 10A also has over a 90 per cent chance of reining in the optimal solution, except at the point where data frequency exceeds 13. For the upper band values, in Table 10B, all the strategies, except strategy 1, exceed a minimum of 95 per cent chance of the optimal value falling within the solution domain when data frequency is <7 or between 7 and 13. Since Table 11 shows all the strategies to be significantly different, we will revise the lower band value in the ratio analysis to 2 (i.e., strategy 1) because it produces a 100 per cent likelihood for both short and long period observations. Also, for the upper band of the ratio analysis, we will maintain the based strategy (which is 6*inflows) for only short period analysis and strategy 5 (which is 9*inflows) for long period analysis or computations. Therefore, the ratio analysis will benchmark the OPREM model as falling between 2 and 6 times of the average inflows in an economy when period or observations are small and between 2 and 9 times of the average inflows when data frequency or period is large.


Table 10A. Probabilities of the OPREM meeting the lower band width value given the data frequency (ratio analysis).
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Table 10B. Probabilities of the OPREM meeting the higher band width value given the data frequency (ratio analysis).
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TABLE 11 Spearman Rank test and the t-test of significance.
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Results and discussion

The OPREM test developed in this research has a higher directional predictive accuracy of the economy than the B-G and H-models' predictions. This outcome means that the reserves holding of the OPREM model enables better adjustments to economic trends. Therefore, the OPREM model satisfies the necessary condition of a reserve stock being endogenously determined by the economy. This feature is good for the systematic building of the reserve stock by monetary authorities and central banks. Also, the high probabilities or likelihood of the optimal solution falling within the domain of the benchmarked strategies shows the robustness of the benchmarks in approximating the optimal solution of the OPREM model.

For matching the reserve stock to economic trends, the research emphasizes directional predictions of economic variables rather than the magnitude (which is measured by the Mean Square Errors) because the reserves' adjustments do not have to match the changes in economic variables precisely. This argument is so because the reserve stock operates as a fraction of a country's economic activities (fractional system). Therefore, an optimal reserve stock will not mean matching the perpetual building of the reserves to changes in the actual amount or value of economic transactions. In this regard, we established the superiority of the OPREM model to the B-G and H-models which do not have the same resilience, adjustments or robustness to changing economic conditions or trends. For example, the OPREM model in the component plot reflected the gains in the economy during the reclassification of Ghana as a Highly Indebted Poor Country (HIPC). It also did not fail to adjust the reserve stock and show the effects of the Global Financial crisis on developing countries. Furthermore, the OPREM model highlighted the dip in the cedi exchange rate from 2013 to 2016 and adjusted the reserve stock to play the protective cover role, which was the focus of the research in Abdul-Rashid and Yao (2019). These automatic adjustments toward economic trends and the quantum adjustment of reserves make the OPREM model superior to the existing reserve models.

To elucidate further on the automatic and systemic adjustments which are inherent in the OPREM model, we assessed the OPREM model and the impact major economic events in Ghana would have had in the building of the reserve stock:

i. Analyzing the graph plots of the various components of the reserve stock in the OPREM model and how each component automatically adjusts to the trends in the economy, the component plot in Figure 1B shows relative stability in Ghana's currency gains that were not utilized but kept in the reserves from 2000 to 2007. During these periods, the gains achieved in the currency market were primarily due to strict adherence to the fiscal conditions inherent in the HIPC conditions (Asiama et al., 2014; National Development Planning Commission, 2014; Nyeadi et al., 2014). This discipline in fiscal policies prevented massive depreciation of the cedi and narrowed the absolute values of the domestic and hard currencies. This made the trade-off between hard currencies and the domestic currency relatively stable, thereby stabilizing the opportunity cost of holding hard currencies in the reserve portfolio during those years. Also, currency depreciation that was not avoided during these periods was relatively stable. This stability was more due to stable relative interest rates or the cost of capital across different periods. Therefore, the period between 2000 and 2007 was when the marginal benefit of adding hard currency to the reserves stock did not have increased opportunity cost threats.

ii. Additionally, the OPREM model captured the effects of the global financial crisis and the highest turbulent periods in Ghana's exchange rate history. The global financial crisis severely affected the currencies of developed nations but did not negatively impact the currencies of most developing countries. Indeed, the currency of some developing countries like Ghana strengthened during the crisis but was primarily due to the negative impact of the crisis on developed countries' currencies. This situation made holding hard currencies in the portfolio of reserves, from 2007 to early 2009, a wrong decision for monetary authorities to take. This was because the opportunity cost of keeping hard currencies had increased and needed to be traded-off for other securities that promise higher yields and high liquidity. This scenario saw a decline in 'currency depreciation that needs to be avoided, that is, the depreciation of hard currencies in Ghana's central bank's reserves stock during 2007–2009.

iii. Furthermore, the years between 2013 and 2016 were high threshold periods in the cedi rates. This epoch led to a sharp decline in the exchange rate. Under this circumstance, the benefits of foreign exchange reserves in restoring the cedi's value were necessary for the adjustment process, and holding more reserves under this circumstance was a better option for the central bank. Therefore, the effectiveness of the proposed reserve model in this research is in its natural adjustments to conditions in the currency market and global trends. For example, consider how, during the period between 2007 and 2008, hard currencies were depreciating relative to the domestic currency and how the proposed reserve model avoided the depreciating hard currency by not keeping them in the central bank's reserves. The falling CDA_FV curve shows this in Figure 1B.

iv. Consider also how hard currencies were appreciating to domestic currency during the years between 2013 and 2016. The proposed model again adjusted to keep these hard currencies in the reserves of the central bank. This slightly higher CGU_PV curve in Figure 1B shows this scenario. The CGU_PV and the CDNA_FV curves are mirror opposite of one another. Again, both curves are significant in determining the amount of hard currency in the reserves.

Another essential component or constituent of the reserve portfolio is gold. The amount of currency issued by a country represents a sovereign debt. Therefore, the country is liable to holders of their currency at an amount equal to the face value of the currency. A country's ability, backed by the amount of gold in reserve, is a good and a traditional method of determining liquidity or default risk and the volatilities of a country's currency. The amount of gold in the reserves of central banks was instrumental for the sustenance of the fixed exchange rates regime before the break of World War II and still has some significance in other currency regimes though at a reduced level. The Impact Factor of Gold (IFFG) measures the degree to which a country's currency is strongly backed by gold. Figure 4 shows the plot of the components of the gold impact factor and their linear trends.


[image: Figure 4]
FIGURE 4
 Plot of OPREM Gold Impact Factor components series (Component analysis).


The gold impact factor shows the risk of default and currency volatility in the holders' hands. An upward trend in the Impact factor of gold (IFFG), in Figure 5, means more volatility and risk, and a downward trend in IFFG means less volatility and risk in the reserves.


[image: Figure 5]
FIGURE 5
 Plot of OPREM Gold Impact Factor SERIES.


Ghana's gold reserves have remained steady with only marginal increases, while currency in circulation (M1) has been sky-rocketing. This leaves Ghana with a sharp growth in the gold impact factor curve and hence exposes the currency to high volatilities and risk of default for holders of the Ghanaian cedi.

Figure 6 shows the proposed reserve model's output results (OPREM) and output of alternative reserves models. The OPREM model's result is very much similar to the optimal reserves proposed by the import benchmark.


[image: Figure 6]
FIGURE 6
 Optimal Model (OPREM) compared to other empirical benchmarks (YEARLY ANALYSIS).




Conclusions

Inferring from the derivatives and conditions held in Section Partial derivative of the OPREM model, we conclude that during periods of currency stability, the cost of holding reserves for precautionary purpose is optimized by overlooking the prevailing interest and inflationary rates and only considering these two variables; (1) the percentage trade-offs between global gold prices and hard currency values, and (2) the economic value of gold, defined as the output of domestic currency in circulation divided by the amount of gold in reserves. These variables only defined the optimal reserves in a stable currency or exchange rate environment because, the effect of hard currencies in the OPREM model will have zero dispersion or standard deviation and therefore the variance too will be zero. This zero variance will render insignificant whatever number, i.e., the interest and inflation digits, that is raised as an exponent. Therefore, in a stable environment, the only random variable in the reserve model is the gold impact factor.

Also, further investigations and analyses of the OPREM model has revealed that the OPREM test has superior directional predictive accuracy of the economy than the B-G and H-models. Therefore, we find that the OPREM model fixes reserves that are adjustable to economic conditions. This adjustability is an essential feature of a reserve, and it is also fundamental to its effectiveness as an emergency or control fund. Considering the threshold periods and event analysis in the simulated country, the OPREM model auto-adjusted the reserves to match the changes in economic conditions. Therefore, the OPREM is better positioned in eliminating procyclicality and reserve build-ups in developing and emerging countries (Aizenman and Sun, 2012; Pina, 2015; Abdul-Rashid and Yao, 2019).

Also, compared to existing reserve models, the OPREM model fixes reserves that are very close to only the import model. However, the import model does not have the same superior adjustments as the OPREM model. These inferior adjustments make all other reserve models, such as the import and reserve-to-M2 metric, only compete in accumulating reserves when even economic trends suggest a downward revision of the reserves.

Investigations reveal that the OPREM model for the simulated country is a random walk model with a drift and a stochastic trend. This property points or directs the simulated country to two things, i.e., how reserves are/should be managed (the management of reserves) in the simulated country and the relevance of reserves in the simulated country. To the extent that reserve remains relevant in an economy, this reveals weaknesses in the financial and banking sector (Roger, 1993; Assessing Reserve Adequacy—Specific Proposals, 2014). This conclusion of financial and banking sector weaknesses in the simulated country is consistent with the “Bank of Ghana, BoG” (2017) and the Ghana (2017).

Lastly, to avoid repeating large volumes of computations of the OPREM model, a benchmark of 0.7–1.2 of the immediate pass optimal value. This approach will need knowledge of the previous year's optimal value. However, in the absence of this knowledge, a benchmark between 2 and 6 times of the average inflows in an economy is recommended for short-term analysis or analysis with small data observations. However, for long-term analysis or analysis with large data frequency (i.e., exceeding 13 data observations), the reserve stock should be fixed on a benchmark of 2–9 times of the average inflows.
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