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Abstract  8 
South Asia countries are faced with exogenous shocks in addition to energy prices volatility 9 

explicitly impacting their socioeconomic advancement as net energy importation countries. As a 10 
result, this analysis examines the correlation amongst strategic petroleum reserves (SPR) plus 11 
welfare net losses for South Asian economies. Hydrocarbons supply drastically exacerbates energy 12 
security concerns beyond welfare net losses regarding the interruption of supply surety. Thus, on 13 
this research piece, crude oil distribution security is estimated with respect to the crude volatility 14 
index of the South Asian countries, which makes up 84 % of global crude imports as well as we 15 
approximated safety losses owing to crude distribution interruptions. Inferring from the composite 16 
indicator results, Afghanistan is a greatly vulnerable nation concerning energy strategic reserves, 17 
whereas India attains minimal vulnerability within the South Asian sub-region. From the analysis, 18 
it was discovered that a 30 percent shortfall in crude distribution is accountable for the maximum 19 
vacillated composition of crude costing, which rapidly expands the forecasted welfare losses via 20 
forty percent cuts in the GDP, that is about seven hundred dollars in South East Asia likewise nine 21 
hundred dollars the crude most consuming nations. Our analysis mooted that South Asia countries 22 
ought to sustain minimal 90-day reserves commitment, to fight substantial global hydrocarbons 23 
supply interruptions, that have effects on price volatility as well as on their socio-economic 24 
livelihoods.  25 
Keywords: Strategic petroleum reserve; Safety net loss; Composite Indicator; Maximum stock 26 
accumulation; Crude importer; South Asia 27 

This is the Pre-Published Version.
The following publication Liu, Z., Tang, Y. M., Chau, K. Y., Chien, F., Iqbal, W., & Sadiq, M. (2021). Incorporating strategic petroleum reserve 
and welfare losses: a way forward for the policy development of crude oil resources in South Asia. Resources Policy, 74, 102309 is available 
at https://doi.org/10.1016/j.resourpol.2021.102309.

© 2021. This manuscript version is made available under the CC-BY-NC-ND 4.0 license https://creativecommons.org/licenses/by-nc-nd/4.0/



2  

2  

1. Introduction  28 
Economic growth and development are underpinned by a reliable energy supply. This will 29 

promote the factors of production, create an inclusion and fair development, while reducing energy 30 
poverty. On the other hand, energy types use could sometimes trigger safety net losses and human 31 
health implications. Hence, energy has a multi-faceted impact on human livelihoods, economic 32 
advancements, and ecology. The energy consumption from South Asia’s nation has been on a 33 
growth trajectory yearly.  The energy consumption surpassed 938.5985 million metric tons of 34 
crude equal in 2018 counter to 384.3405 million metric tons of crude oil comparable in 2000. 35 
Awkwardly, the huge consumption of energy is from polluting sources. The consumption of 36 
renewable energy in South Asia countries has plummeted to 52.90 percent in 2000, whilst 37.47% 37 
in 2018. This is on a declining trajectory though. It has been the drive globally to maximize 38 
finances globally to finance cleaner productions energy projects, and the utilization of energy from 39 
negative emissions sources to ensure sustainable development. However, South Asia nations don’t 40 
have the financial wherewithal to massively scale up RE sources to advance sustainable economic 41 
expansion.  42 

Other concerns pattern of energy use in South Asia is growing energy intensity ratios as well 43 
as a greater proportion of import-centered energy use. In this vein, producing one component of 44 
the GDP of a country needs a colossal quantum of energy as a result of falling energy efficiency 45 
standards. The act of nations importing crude for consumption has macroeconomic ramifications 46 
in the form of the budget deficit, exchange rates strains, and increases debt to GDP ratio of the 47 
study nations. Hence, the consumption of energy in South Asian economies is connected to 48 
people’s healthcare. Additionally, there exist four major challenges in finding solutions to energy 49 
production externalities. To begin with, the disruption of the distribution scale is adequate to 50 
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deploy SPR (Yang Bai et al., 2016). The other challenge is that there are macroeconomic costs for 51 
countries without SPR (Difiglio, 2014). Another concern is that economies get disorganized and 52 
thrown out of gear, which results in widespread socioeconomic and safety net losses (Liao et al., 53 
2016). Then, the fourth point has to do with the fact that, if South Asia does not maintain its SPR, 54 
global crude volatility impacts the masses explicitly, reducing the value of their livelihoods,  due 55 
to spikes in prices of necessities goods in the subregion (Murphy and Oliveira, 2010).  56 

Crude price variations usually grow its distribution risks beyond economic system costs of 57 
buying crude from abroad, particularly in South Asia economies. Also, oil price variations are 58 
associated with important effects on the efficient performance of the current crude distribution 59 
security, that explicitly bear on the economies of the study countries (Sharma et al., 2021). Crude 60 
oil price is a cost kind parameter, meaning maximum figures indicates a random circumstance, 61 
and finally spikes the crude buying prices. The document forming the organization in 1973 oil and 62 
petroleum exporting country chose the dollar as the standard currency in quoting prices of crude.  63 
Hence, the United States dollar’s fluctuations are computed with the United States Dollars prices 64 
variations. Because the United States currency has been used as the benchmark currency, the 65 
variations are similar within nations (Murshed and Tanha, 2021). Crude price volatility has a direct 66 
part in processing the petroleum sector in the South Asian economies, making a circumstance of 67 
10 percent import crude risk pertaining to the Chinese economy influences its GDP 3494.5 USD 68 
concerning its economic perils. The cost of crude imported in countries such as India, Pakistan, 69 
and Sri Lanka are 0.0345, 0.112 and 0.009, respectively, categorizing them as the countries with 70 
minimal vulnerabilities, concerning the importation of crude (Hadi et al., 2019). Inversely, 71 
Afghanistan, as well as Nepal obtained marks around 0.27621 plus 0.19851, which shows the dire 72 
circumstance of maximum energy importation expenditures. Sri Lanka obtained the maximum 73 
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GDP per head of $3926.20, whereas Afghanistan, as well as Nepal, obtained the least GDP per 74 
head of   $594.3 in addition to $743.3 correspondingly. India came next within the first two 75 
countries, by obtaining    $1598.30 GDP per head (Mohsin et al., 2018).  76 

Even though South Asian development began in the bigger cities in the 1982 plan for the dual 77 
city corroborative building as well as petroleum stockpiles, the progress has been at a gradual pace 78 
since then. Nonetheless, the development picked pace since 2013, when the concept of regional 79 
integration was propounded. Nevertheless, Besides, the concept of regional collaborative 80 
advancement came to prominence in 2014. Much achievement has been attained since the 81 
promulgation of the concept of regional integration, five years after. Seen in the following format, 82 
expandingly apparent concerted effects, expansive uptake in the coupling of movement, stable 83 
consolidation of partnership on ecological security, as well as technological advancements, in 84 
addition to transfers are the noticeable instances. Similarly, X. B. Zhang et al. (2017) contend city 85 
cluster as well as SPR in the coupling at the regional stage, serves as the reference point for South 86 
Asia’s obvious disparity amongst economic expansion and ecological value. Besides, South Asia 87 
is said to be the seven biggest advanced regions, next to that of China’s region (Liao et al., 2016).  88 

(i) The SPR policy has brought public concerns. Despite the fact that several scholars 89 
have advocated for the formation of strategic petroleum resources as well as attempted 90 
to develop it as the optimum part to be the ideal scope of the strategic petroleum 91 
reserves and the optimum stockpile and pulldown periods stated at varied interruption 92 
outlines. According to scholarly understanding, we are aware of efforts to assess 93 
whether those strategic petroleum reserves alongside the cost of constructing an extra 94 
component of volume.  Furthermore, South Asia relies heavily on importation crude 95 
in this era, nations are inclining towards RE technologies. 96 
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(ii) Our study aims to evaluate strategic petroleum reserves probability in this territory to 97 
progress the safety net circumstance and avoid costs from crude volatility. A dual-98 
phase equation was employed as a result of its suppleness in integrating the taxes of 99 
imports as well as strategic petroleum reserves expansion and capacity. 100 

(iii) The strategic petroleum reserves aim of South Asian nations is to set a foundation of 101 
strategic crude stockpiles throughout 100 days of net oil importation beyond 2025. 102 
The question is, what manner of SPRs crude plan of actions South Asian countries 103 
implement to attain strategic petroleum reserves efficiently? 104 

(iv) This study tackles this crucial puzzling issue grappling with the global economy, 105 
changing cut-off marketplaces, the obvious reason that strategy petroleum stockpiles 106 
might cut the negative economic affronts alongside important crude distribution 107 
interruption. Countries in South Asia have set in place a suite of policies to evaluate 108 
the strategic petroleum reserve's impacts on the economic system and safety net. 109 
Similarly, these steps obtained significant progress. Hence, ensuring sustainable 110 
advancement alongside cutting safety net losses to growing Strategic petroleum 111 
reserves. This analysis paces the South Asian economies pertaining to their crude oil 112 
distribution interruption according to (Mohsin et al., 2018). Our approach did a wide-113 
ranging policy assessment of the sub-regional approach to aid us to comprehend 114 
policy implementation outcomes as well as proffer probable assistance or likely policy 115 
variations This Paper Applies South Asia As a DemonStration for Estimating the 116 
economic system effect as well as the significances of the strategy. The analysis 117 
presumes that South Asian strategic petroleum reserves of South Asia would reach 118 
the target of 2030 of 100-day stockpile obligation. In sum, Strategic petroleum 119 
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reserves are crucial for the social-economic Advancement and Safety Net Programs, 120 
in The South Asian Region 121 

The rest of the study is structured as follows: Section two deals with the approaches to analyzing 122 
the data; method and data. Section three presents the result and discussion of the findings.  Whereas 123 
section four ends the study with conclusions and summarized findings.  124 
2. Literature Review 125 

Now, past studies sought to assess crude distribution risk (Frondel and Schmidt, 2014; Wu et 126 
al., 2009). Irrespective of opposing analysis concerning the strategic petroleum reserves method, 127 
they thought the SPR’s way of stockpiling crude is not the ideal thing to do as a result of jobs, 128 
long-lasting administrative works, as well as bureaucracy exhibited in applying this method. 129 
Nonetheless, the strategic petroleum reserves cost efficiency might advance provided the decision-130 
taking policies are transformed, creating room for the application of strategic petroleum reserves 131 
to manage variations in crude projections (X. B. Zhang et al., 2017).  132 

Again, several authors thought that getting crude supplies from diverse sources is the best 133 
thing to do in order to reduce distribution volatility owing to relying on a single source importation 134 
or supplies.  In addition, it is anticipated the shortfall amongst crude supply and demand in the 135 
emerging nations will increase in the years (Zhang et al., 2009). Globally, crude distribution 136 
interruption has hit many parts of the globe as a result of increasing population, discrepancies 137 
among supply and demand inclinations, as well as dependence on imported crude centered energy. 138 
Currently, Also,  nations instituted  SPR in order to eschew market distortions, that is, a backup 139 
crude storage upkeep for the economic development’s efficient performance (Bai and Dahl, 2018). 140 
The strategic petroleum reserves are believed to be effective means to counter adverse impacts of 141 
crude distribution as a result of the world’s geopolitical or economic challenges (Murphy and 142 
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Oliveira, 2013), (Ready, 2018), and (Huntington, 2018). Therefore, looking into the distribution 143 
as an exhaustive resource, it is important to the group and assess the world’s crude distribution 144 
modus operandi pressures owing to crude distribution interruptions, as well as probably compute 145 
the overall safety net costs (Kitamura and Managi, 2017).  146 

Additionally, this group of analyses elucidate the crucial importance of geopolitical 147 
constraints, geopolitical capacities, authorized indecisions, as well as costly measures on short-148 
term distribution suppleness (Aleksandrov et al., 2013; Kanamura, 2019; Wang and Sun, 2017). 149 
The financial effect of distribution or cost interruption of crude is substantial and encompassing. 150 
(Bhar and Malliaris, 2011). Crude oil major disruptions of the 1970s brought about profound 151 
macroeconomic interruptions, prompting nations to accumulate petroleum reserves, as a tool to 152 
contain domestic supply interruptions. As a result of the 1973 crude challenges, the practice of 153 
stocking crude arose as the principal instrument for a significant number of the organization for 154 
economic cooperation and development nations,  and as a requirement by the IEA for member 155 
countries to hold 90-day crude commitment (Beccue et al., 2018; Timilsina, 2014). Our analysis 156 
investigates the SPR strategy for South Asian nations, noted as an energy importation subregion 157 
throughout the 1990s. Similarly, because of this volatility, this matter of countries holding strategy 158 
reserves is anticipated to increase in the coming years. The analysis would plug the void on the 159 
academic research of strategic petroleum reserves, as well as accumulating petroleum reserves 160 
along with South Asian specific context. 161 

Prior research, principally stayed on a particular facets index range, as well as always applied 162 
conventional approaches to accumulate the index. Likewise, no single analysis integrates the 163 
significant full range category of indexes, in addition, uses the composite index method in 164 
estimating crude distribution peril. In addition, those studies have an inadequate integrating 165 
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approximation of strategic petroleum reserves as well as the positioning of South Asian economies. 166 
In reference to this, good research was done by (Khan et al., 2021; Qin et al., 2020; Su et al., 2021, 167 
2020a, 2020b; Umar et al., 2021; K.-H. Wang et al., 2021; K. H. Wang et al., 2021) and (Yang et 168 
al., 2021) present a detailed empirical and significant outlines to undertake scientific analysis on 169 
crude costs. As a result, according to the rationale given by the aforementioned analysis, our study 170 
integrates SPR, evaluates crude danger as well as the position of South Asian nations, on our 171 
analytical approach.  172 
3.  Theoretical Framework and Method  173 
3.1 Theoretical Framework  174 

Several important ramifications exist as the end result of a minimal cost of elasticity of 175 
consumption as well as production. Minimal cost elasticities signify greater cost variations in 176 
prices to substantially grow the production of goods and services or reduce demand. Subsequently, 177 
comparatively miniature accidental crude distribution shortfalls could cause crude prices to 178 
upsurge. Furthermore, due to the comparatively greater high-level earnings elasticity of crude use, 179 
precipitously growing global economic expansion grows crude consumption. If the speedily 180 
economic expansion increases crude demand, then supply can match demand, crude prices 181 
increase significantly. More so, increasing crude spending rises the debt to GDP levels, negatively 182 
impacting economic expansion, the connections between them cause crude prices to spike as well 183 
as economic expansion, resulting in a crude supply financing cycle. Other than, stockpile pull-184 
down or growth in Saudi supplies, crude suppliers are not able to react to greater crude prices to 185 
grow production to meaningfully meet demand.  Hydrocarbon enterprises could react to greater or 186 
reduced crude prices to grow or reduce scheduled financing in novel generation projects. 187 
Accordingly, Subsequently, the short-term elasticity of crude availability alongside price is yet 188 
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minute. Also, when high-level earnings grow global requirements for crude rapidly than global 189 
production growth, crude suppliers could not react speedily to the resultant spikes in crude costs 190 
as project maturity in the production fields takes years to mature. From this part, our definition of 191 
the appropriate instruments entails the models, and then, we construct the equation for the strategic 192 
petroleum reserves challenges. In order to let the equations more plausible and make meaningful 193 
understanding, we mooted the unlisted presumptions:  194 
 Crude oil usually comes in a regular constant barrage adequate to satisfy the country’s 195 

demands.  196 
 The requirements are presumed to be constant, it only varies when oil  reserves vary. Demand 197 

based on seasons is not included in the model due to variations are constant and could be 198 
predicted. Decisions regarding strategic petroleum reserves, pulldown or restocking are taken 199 
at the start of each level.  200 

 We used monthly period measures, even though that could be relaxed rightly by growing the 201 
period parameter. 202 

3.2 Method 203 
Overall, the peak crude consumers' and crude suppliers’ characteristics are determined by an 204 

influence stemming from outside the country, on a significant basis on the quantity peak crude 205 
time (Blanco et al., 2015). Also, Peak crude outcomes pressures within the period of the world’s 206 
suppliers unable to meet supply requirements, making the marketplace operate in chaos. Seen as a 207 
global common good, the strategic petroleum reserves can gainfully inure to the benefit of various 208 
crude consuming nations via cutting global crude costs throughout distribution disruptions. The 209 
advantage of every single nation is in reality a dual impact of marketplace actors (Sharma, 1988), 210 
(Murphy et al., 1985) and (Brown, 2018). The modeling of the improbability in the randomness 211 
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parameters, before examining the non-static mathematical equation for stockpiling evaluation to 212 
be done. The crude cost is presented to be in, where ௧ܷ଴ ~ N (0,14.72). 213 

௧ܲ଴ = ௧ܲିଵ଴ + ௧ܷ଴                                                             (1) 214 
Mathematical analysis of the real GDP, national crude as well as net importation productivity 215 
parameter demands formulating due to the important parameters are ascertained in the crude reliant 216 
South Asian nations.  Our analysis approximates the actual gains concerning strategic petroleum 217 
reserves drawdowns to be the evasion of consumer losses about net about particular producers’ 218 
profits from a strategic petroleum reserves drawdown of crude that cuts the interruption costs as 219 
well as a decrease in macroeconomic losses linked to prices cuts as given below. Now, South Asia 220 
crude supply for the head is  ݋௧, net oil importation per head.  ݅௧, and GDP per head ݃௧. The ADF 221 
analysis reveals, ݅ ௧ on ݃ ௧ and ݋௧ are integrated non-stationary of order one (I (1) series). As a result, 222 
 ௧and݃௧  are formulated to be random effects and random walk with drift, correspondingly as given 223݋
in the figure. ௧ܷ଴ ~ N (0,0.00842)  ௧ܷ௚ ~ N(0,392). 224 

௧݋ = ௧ିଵ଴݋ + ௧ܷ଴                                                          (2) 225 
݃௧ = 44 + ݃௧ିଵ + ௧ܷ௚                                                (3) 226 

From the stochastic parameter of  ݅௧on ݃௧and ݋௧ as well as the Augmented Dickey-Fuller analysis 227 
indicates that the remainder emanating from the model takes a specific path that signifies that  228 
݅௧doesn’t need an equation on differences. The equation for ݅௧is demonstrated in equation whereas 229 
 ௧௜~ N(0,0.0142). 230ݒ

݅௧ = 0.000݃௧ − 0.760௧ ௧ܷ଴                                     (4) 231 
௧ܷ௜ = 0.76 ௧ܷିଵ௜ +  ௧௜                                                (5) 232ݒ 

Models four and five encapsulates the random nature of the South Asian nations’ net crude 233 
importation, GDPs per head as well as national crude producer per head. These random parameters 234 
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are used to forecast as well as model the coming years’ trajectories. The more striking thing about 235 
the disruption is that it lingers in addition to strategic petroleum reserves stock is finally pulldown, 236 
refiners expand their stocks at the beginning of the disruption period. They do this in anticipation 237 
of public inventory drawdowns as well as price increment). The suggested econometric model 238 
indicates an integration of the same order and non-stationarity. are (Medeiros and Veiga, 2009). 239 
The parameter  ܩ௧௪  is modeled to be a stochastic variable attaining a drift, whereas the floating 240 
variable indicates the global GDP long-run advancement. Without market-clearing cost (controlled 241 
by man-made cost) produced shortfalls or accumulations of crude in the market.  Particularly, the 242 
crude cost OP(t) occurring within a certain time frame obtained by the particular condition that is 243 
referred to us the market clearing.  244 

ܳ݅௧ = ܱ)൫ܦ ௧ܲ), ൯ݐ +  ௧                                                                                    (6) 245ݏ
 ܳ݅௧  depicts the world’s delivery of physical crude on planned distribution period (period t) 246 
whereas the nation of the crude market reveals (݅ = 1 normal state while ݅ = 2 disrupted). 247 
ܱ)൫ܦ ௧ܲ),  ൯  global oil demand excluding the attainment or delivery of accumulation, World oil 248ݐ
demand without the, ݏ௧ is south Asia procurement of stockpile for its SPR within the period t or 249 
crude stock discharge if ݏ௧<0 whereas the crude distribution within the marketplace depends on 250 
the present condition of the marketplace.  251 

ܳ݅௧ = 1 − λ௜  + ௪ݍ                                                                                        (7) 252 
where,  λ௜  depicts the size of interrupted supply in the crude market as well as overall, it is observed 253 
as λଵ = 0  whereas ݍ௪  depicts the world’s distribution of crude market as well as the normal 254 
circumstance of the world’s crude -market distribution. is q = Q(1), that is unchanging over time, 255 
as well as hypothetically to be cost sticky or inelastic (Dash et al., 2018) and (Macdonald and 256 
Marsh, 1993). Also, the demand equation of the world’s -market is specifically given below:  257 
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,ܱܲ)ܦ                        (ݐ = [ܿ + ݇. ܱܲି∈] ݁௚௧                                                                 (8) 258 
Here k, c, and ∈  highlight consistent variables on the global crude function whilst OP depict the 259 
crude cost in the world’s crude marketplace of crude whereas g shows crude demand requirements 260 
expansion ratio in the global marketplace of crude.  Always prevailing condition of crude at the 261 
global marketplace of crude, as well as the unavailability of strategic petroleum reserves pulldown 262 
or procurement, the world’s crude cost, has to follow a sequential pattern that is particularly same 263 
and steady to growth (Wang and Sun, 2017).  264 

Global crude supply reduced in 1998, nonetheless, crude use has grown in the South Asia 265 
region. Regarding this circumstance, additional crude importation might lead to an increase in 266 
crude costs in the long run (Wu et al., 2008; Zhang et al., 2009). As far as we know, a selected 267 
group of scholars has attempted to evaluate the correlation between SPR as well as safety costs 268 
(Wu et al., 2012). Due to this rationale, a supply equation integrating the dual phases was applied 269 
to assess Chinese optimal taxes amounts and accumulation size by categorizing regions on two 270 
groups: The treated group and the untreated group. The initial comprises of regions that are in the 271 
South Asia study group and the other not in the group. 272 

We denote  ݕ௜௧ଵ  and ݕ௜௧଴   to be the ith countries productivity to be the territorial and treated 273 
group, correspondingly, denoting T to be the plan of action of the year. Here, there is policy 274 
deployment. (i.e., ݐ ∈ {1 … ଵܶ}), ݕ௜௧ଵ ௜௧଴ݕ= .  Inversely, only ݕ௜௧ଵ   is noted within a scenario of the 275 
territories treated.  (i.e., ݐ ∈ { ଵܶ + 1 … ௜௧଴ݕ .({ܶ   is not examined because it happens excluding a 276 
territorial plan of action. Onlyݕ௜௧଴  , ݐ = ଵܶ + 1, … , ܶ is investigated concerning the untreated 277 
countries. The controlled region in year t is evaluated via the following correlation: 278 

∆୧௧= ୧௧ଵݕ − ୧௧଴ݕ   t= ଵܶ + 1,…,T, (9) 
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Henceforth, there could be a concurrent evaluation examination for the dualݕ௜௧ଵ  and ݕ௜௧଴  and the 279 
data at the examination ݕ௜௧ is stated as follows:  280 

௜௧ݕ = ݀௜௧ݕ௜௧ଵ + (1 − ݀௜௧)ݕ௜௧଴ , (10) 
where the weight is equal to ݀௜௧ = 1  without a territorial strategy, whereas ݀௜௧ = 0 in the other 281 
case. Within the current analysis, the treated group comprises South Asian nations. This presumed 282 
to be t ݅ = 1 is the scenario of South Asian with a strategy whereas    ݅ = 2, … , ܰ  depicts treated 283 
group territories. The dataset from this study was gathered from the National Bureau of Statistics, 284 
alongside an econometric equation deployed to formulate the ex-post counter scenario data  ݕଵ௧଴ . 285 
A mock – investigative approach is deployed to get the counter scenario when the treated group is 286 
not in a random treated test.  For instance, the construct of estimation cutoff, instrumentation of 287 
parameters, as well as propensity score matching integrated to difference in differences. 288 
Nonetheless, these methods were formulated according to some hypotheses, adequate datasets, and 289 
econometric equations (Sueyoshi and Wang, 2017). Additionally, the aforementioned approaches 290 
are centered on the estimation theory, many non-hypothetical approaches in the form of a 291 
longitudinal data approach and the synthetic control usually implemented (Dash et al., 2018) and 292 
(Macdonald and Marsh, 1993). 293 

In drawing a difference among the approaches is that the PDA applies the treated component 294 
weights estimated via OLS, whiles the synthetic control method estimates the covariate weights. 295 
The synthetic control method restraints the category territories’ weight as positive as well as an 296 
addition to be one. where, extrapolation for the controlled components outside the convex body of 297 
the covariates is not allowed. Despite this, Spitsyn (2012) contends that the curved body of 298 
synthetic control method limits are not adequate or inevitably satisfied in diverse circumstances. 299 
Moreover, PDA attains no restrictions on the regions’ weights. Also, the cost of crude is explained 300 
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as the market opening price. The total expenditure of South Asian crude market unsteadiness is 301 
seen as deriving the strategic petroleum reserve excluding a crude importation tax as well as 302 
generally equal to an importation share, given below: 303 

,ܵ)ܣܵܥܶ ݅, ,ݏ (ݐ = ׬ ,݌)ௌ஺ܦ ݌݀(ݐ + ,(ݐ)ݏ)ܲ ݅, .(ݐ (ݐ)ݏ + .ܥܪܷ (ݐ)ܵ] + ሿ௉(ௌ(௧),௜,௧)(ݐ)ݏ
௉௕೟   (11) 304 

Where ܾܲ௧ depicts the normal position of crude costs without strategic petroleum reserves 305 
accomplishment, that is thought to be upper limit crude price for the t; ܦௌ஺ depicts the crude 306 
importation requirement of South Asia, UHC connotes the annual component t strategic petroleum 307 
reserves cost of stocking, whereas, S(t) stands for the beginning strategic reserves scope within the 308 
phase t. Model three is the depiction of the cumulative cost of insecurity of the South Asian crude 309 
marketplace, denoted as TCSA, which is categorized into three segments: the extra cost of South 310 
Asian crude customers as a result of the reddened crude market because of the increasing demand-311 
disrupted stock/distribution of crude, earnings of retail trade, cost of buy and keeping stock, and 312 
the accumulation cost of keeping stocks of petroleum products (Song et al., 2017).  313 
 (1) Public Ecological Spending (PES) 314 
(2) Considering the shortfall in policy monetary means within the different towns, our analysis 315 
applies the share of prefecture-stage community ecological safeguard financing in indigenous 316 
financial expenditure to estimate ecological financing by policy (Ercolano and Romano, 2018) and 317 
(Chen et al., 2019). So, the wealth creation production rate in addition to the generation of big 318 
pollutants is applied in this study to estimate the levels of ecological safeguard. Moreover, the 319 
pollutants chosen are manufacturing dust, wastewater, plus sulfur dioxide. Furthermore, the 320 
elaborate indicator of ecological management is constructed to evaluate the analyses’ consistency, 321 
applying the aforementioned trio manufacturing contaminants pollution as well as the granular 322 
form of every municipal’s generation proportion. We formulate it mathematically as given below:  323 
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௜௧ ୀܴܧ ଵ
ଷ ෌ ଵ,௜௧ଷܧ

௜ୀଵ = ଵଷ ∑ ∑ ூ,௜௧
Ê೔೟

ଷ௜ିଵ  =  ଵଷ ∑ ௘௥಺,೔೟/௒೔೟
∑ (௘௥಺,೔೟ ௒೔೟⁄మళయ೔షభ

ଷ௜ିଵ  (4) 

௜௧ܴܰܧ =  ௜௧ (5)ܴܧ/1

ERti, in model 5, estimates the ecological indicator. This ascertains the robustness of the ecological 324 
strategy. The indicator is applied to estimate the figure of   ENRit via an opposite treated group. 325 
This stands for the ecological strategy robustness to estimating the emissions discharges. 326 
Innovation capability (INN) 327 
The recent authorized study of “China City Yearbook" and "China Regional Economic Statistics 328 
Yearbook" did not state the functioning indexes of research and development as well as innovation 329 
activities in diverse regions.  As a result, the amount of patent application per ten thousand persons 330 
was applied to estimate the probability of domestic ingenuity (Zawislak et al., 2012). The dataset 331 
applied in this analysis is derived from the patent database made available by the country’s 332 
intellectual property department.  (Zhang et al., 2019).  333 
 (4) Derivation   of foreign direct investment (FDIS) 334 
FDIS  concerning the manufacturing sector is approximated via FDI derivative stage.  (Blonigen, 335 
2019) and (et al. 2018). It denotes the share of FDI in an area to total FDI as well as the share of 336 
GDP wealth created   as stated below:  337 

ܵܫܦܨ = ܫܦܨ/௦௖௘ܫܦܨ
ܦܩ ௦ܲ௖௘/(6) ܲܦܩ 

Here FDIsec depicts FDI proportion in the manufacturing industry. GDPsec stands for the GDP in 338 
the ancillary sector. ܵܫܦܨ > 1 stands for the sector’s financing development more than the 339 
expansion rate of the GDP on the industry or the other way around.  In the same vein, when FDIS 340 
= 1, the ratio of financing development plus GDP development is equivalent (Gupta and Barman, 341 
2009; Q. Zhang et al., 2017). 342 
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(5) Resource curse (RES) 343 
The analysis estimates the Dutch disease factor figures deploying the rate of territorial energy types 344 
endowment of the auxiliary sector productivity worth. To begin with, energy production is applied 345 
to estimating the regional energy type capability. Thus, this meant the Dutch disease coefficient is 346 
the fraction of primary energy generation existing in the entire economy plus the rate of 347 
supplementary manufacturing productivity to supplementary manufacturing productivity. 348 
(Sihaloho, 2018). The underlisted formula is applied to estimate the equation:   349 

ܴܵܧ = /௜ܧ ∑ /݅ܫ௜௡௜ିଵܵܧ ∑ ௜௡௜ିଵܫܵ
 (7) 

From equation seven, ERS shows energy recovery system coefficient, Ei depicts the primary 350 
energy production of sources i; n stands for the number of sources, and SIi shows the productivity 351 
of the secondary energy sector, whereas the 352 
 primary energy production = Raw coal production× 0.714t/t + Crude oil production ×1.43t/t + 353 
Natural gas production ×1.33P/1000m.  354 
(6) Rent-seeking behavior (CRP) 355 
The analysis considers a scenario of authority in the local authority structure falling foul of the 356 
law or try to manipulate the law, elucidating the act of rent-seeking such as an indicator. 357 
Provided we experience graft emanating from the city managers, the equation is set as city’s 358 
leader, CRP = 1, else CRP = 0. 359 
2.1 Control Variables 360 
In selecting the control parameters, we take into account the impact other variables have 361 
concerning the ecology. Thus, concerning our analysis, the six parameters underlisted were 362 
selected as a control parameter. Here, the number of livings in an area has an impact on the value 363 
of the ecology. The greater the population concentration, the highly grave the ecological emissions 364 
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as well as ecological effectiveness addition value reduction. The analysis applies “the logarithmic 365 
value of (overall population/area land area× 100%) “to undertake its approximation.  366 
1. Industrialization (IND). Subordinate industries’ scope of the progress of the levels regarding 367 

the setting up of industries. Within a particular phase of industrializing, the impact of 368 
manufacturing activity on the ecology varies. Our analysis applies "the logarithmic value of 369 
(GDP in secondary industry / territorial GDP × 100%)” to approximate it.  370 

2. Fixed asset investment (CAP). Financing is an important act for sound economic expansion as 371 
well as the widely acclaimed part impacting the ecology. Fixed asset investment instrument is 372 
applied in approximating the pressures in a territorial ecology. This analysis applies "the 373 
logarithmic value of (investment in fixed assets in the current year/ investment in fixed assets 374 
in the last year × 100%)" in estimating it. it.  375 

3. Human capital (EDU). Environmental consciousness is explicitly correlated to the dweller’s 376 
education levels. The greater the education level between indigenes, the high-level of 377 
consciousness concerning ecological safeguard, which might eventually attain an explicit 378 
effect on the ecology. This paper uses "the logarithmic value of (the number of students in 379 
colleges and universities / the total household registration population at the end of the year× 380 
100%) " to approximate it.  381 

4.  Government spending (PS). The is seen as a partner crucial to the territorial ecology. The 382 
analysis applies “the logarithmic value of (the government's budget to GDP× 100%)" in order 383 
to approximate it.  384 

5. Economic avancement (GDP). The curent research shows the ecology could improve 385 
economic expansion. Thus, this study, applies the economic expansion ratio to be a control 386 
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parameter, as well as applies, "the logarithmic value of (GDP in the current year/ GDP in the 387 
last year× 100%)" to approximate it. 388 

2.2 Mathematical model characterization of Welfare loss due to oil supply disruption  389 
The estimation of safety net costs as a result of crude interruption is estimated to be both the 390 

scale and trend of the crude distribution interruption.  Relying on (Agustira and Rañola, 2017), we 391 
comb within the acuteness of crude distribution in crude importation nations i within t as ܼ௜௧ [0;1] , 392 
whereas ܼ௜௧ = 0  linked to a global wide-ranging shortfall and ܼ௜௧ = 1 correlated to the reference 393 
scenario point of service. Assume that ௜݂௧ܼ௜௧  reveals the probability density function of end-user 394 
oil supply disruption ܼ௜௧ in the country, i at time t and suppose that ௜ܹܼ௜௧ demonstrate consumer 395 
ability to pay and avoid physical crude distribution interruption. Interruption ܼ௜௧ in the nation i at 396 
time t. Towards throughout the time T until the reference year of crude is constructed, consumer 397 
willingness to pay in the individual owner sector to avoid a cooperative providing the supply of 398 
crude disruption among the nation as well as time period i of T as stated by (Bai et al., 2012). 399 

ܹோ = ෍ ෍ න ௜ܹ
ଵ

଴

ூ

௜ୀଵ

்

௧ୀଵ
(ݔ) ௜݂௧(ݔ)݀400 (8)                                           ݔ 

where, ݔ depicts the parameter figure ܼ௜௧ that can be presumed? Within a particular nation i and 401 
period, the estimation of ௜ܹܼ௜௧ comprises taking part in the territory within the demand curve for 402 
the stage of crude availability ܼ௜௧ interruption, particularly, end-consumer readiness to pay to avoid 403 
crude distribution of scope ܼ௜௧ in the country i within period t that is formulated below:   404 

௜ܹ(ܼ௜௧) = න ௜ܲ
ொ೔

ொ೔(௓೔೟)
 405 (9)                                                         ݔ݀(ݔ)

Where ௜ܲܳ௜  denotes crude distribution to be the opposite demand equation for the nations i, 406 
ܳ௜ = ܳ௜(ܼ௜௧ = 1)  denotes the reference year quantum of crude distributed to the public in the 407 
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nation is i prior to crude distribution; ܳ ௜(ܼ௜௧)  depicts the distribution availability afterward a crude 408 
distribution interruption in the nation i within period t. The consumer’s readiness to pay to avoid 409 
crude supply distribution of a given scale in model nine is estimated for each nation to formulating 410 
a cumulative demand curve to highlight the amount of crude for the public sector (Y. Bai et al., 411 
2016). About utilities attaining unchanging costing composition, ௜ܲ = ௜ܲ(ܳ௜) comprising the 412 
overall nations’ volumetric ratio given in the reference year’s circumstances previous crude 413 
distribution interruption in the nation i. Regarding each nation’s composition of growing block 414 
costing, For, ௜ܲ  denotes the marginal ratio I remunerated by a descriptive consumer in the nation 415 
i linked to the cover on which the final component of crude use happened. Coupling the safety net 416 
costs in model nine on the probability distribution of the results as well as the crude distribution 417 
interruption enduring phase, produced the estimation explained by equation (1). Let ܥ௜(ܼ௜௧)  418 
depicts the avoided component price provision in the nation in i within period t. As a result, the 419 
simultaneous taxpayer safety net cost on the nation i in a stated scale of crude distribution is 420 
approximated by: 421 

௜(ܼ௜௧)ܮ = න ௜ܲ
ொ೔

ொ೔(௓೔೟)
ݔ݀(ݔ) −  422 (10)                                                     ݔ݀(ݔ)௜ܥ

The simultaneous safety net cost in equation 10 is linked to the customer extra evaluation in the 423 
scenario where ܥ௜(ܼ௜௧) = ௜ܲ . Given this circumstance, the equation (10) becomes as below:   424 

௜(ܼ௜௧)ܮ = න ௜ܲ
ொ೔

ொ೔(௓೔೟)
ݔ݀(ݔ) − ௜ܲ൫ܳ௜ − ܳ(ܼ௜௧)൯                                           (11) 425 

 426 
The costs demonstration in the model (11) is within the reduced border conforming to taxpayers’ 427 
economic costs as well as correlation to the peripheral costing scenarios. Furthermore, the time of 428 
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T pending the reference year crude distribution provision is renewed, whereas the taxpayer safety 429 
net cost for the public segment following from an expanding of provisions interruption crosswise 430 
a nation I within the territories whiles the T period is given below: 431 

ோܮ = ෍ ෍ න ௜ܮ
ଵ

଴

ூ

௜ୀଵ

்

௧ୀଵ
(ݔ) ௜݂௧(ݔ)݀432 (12)                                                   ݔ 

Here,  expansive research has delved into research on this subject area more, such as    (Kanamura, 433 
2019), (Beccue and Huntington, 2005), (Abdel-Latif and El-Gamal, 2019), (Akhmetov, 2015), 434 
(Mohsin et al., 2019),  (Wang et al., 2018) and  (Bianconi and Yoshino, 2014).  435 
Statistical equations precisely embody the actual challenging circumstance regarding outlining the 436 
strategic petroleum reserves. This usually gives the suitability as well as cost gains over different 437 
instruments of deriving the needed information about strategic petroleum reserve to avoid 438 
distribution interruption. Normally, it is challenging to epitomize the actual world answer to 439 
forecast the consumption throughout the physical crude interruption.  In addition, the presumption, 440 
as well as approximation, are done at every stage of the procedure as well as it gives room for a 441 
clearer comprehension of how multifaced reactions in addition to procedures function. 442 
Demonstrating non-static reactions from the environment could give a means of appreciating how 443 
statistics vary in the course of time or relative to one another.  444 
1.3 Data Sources  445 

The data for crude prices, the West Texas Intermediate as well as Brent from the United 446 
Kingdom were derived from the IMF. The data was transformed to actual figures applying the 447 
United States consumer price indicator. Consequently, the dual was equally transformed to round 448 
figures equal to the dollar, applying the United States dollar exchange rate. Thus, four proxies 449 
were applied as crude costs to analyze for consistency and reliability k: The Brent plus the WTI 450 
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stated in the dollar for a barrel. Besides, the underlisted websites have been used as the means of 451 
data.  https://www.trademap.org/Index.aspx, https://tradingeconomics.com/, relevant ministries in 452 
South Asian countries, Energy Information Administration (EIA) and World Development 453 
Indicators (WDI). Data Combined covering geopolitical crude distribution risk was obtained from 454 
the International Country Risk Guide (ICRG The International country risk Guide has a repository 455 
of monthly data on politics, economics as well as financial perils rating for one hundred forty 456 
nations right from 1980. Nations that attained maximum marks in the database have reduced risks. 457 
Furthermore, Political risk rankings give significant information of political stability offered by 458 
the International country risk Guide grading. Crude imported data from each different producer 459 
was accessed from the database of the UN as referenced by our previous paper (Mohsin et al., 460 
2018).  461 
4. Results and Discussion  462 

From the analysis, the variables applied in the equations for single South Asian economies 463 
are alike, but for the GDP-induced crude price elasticity, α, that alternate greatly among the 464 
nations, indicating their various stages of volatilities to crude costs headwinds. Table 1 depicts the 465 
GDP -crude cost elasticity presumptions for single South Asian nations; these approximate further 466 
grounded on our examination of individual nation’s net crude imports likewise the GDP, to 467 
conform to a scientific approximation of the macroeconomic impacts of crude cost headwinds in 468 
South Asian economies as net crude importing countries, having their economies adversely 469 
impacted by crude price volatility, as these eight nations might probably form their backyard 470 
petroleum stockpiles. An outlier addition within the category is that of Indonesia, which used to 471 
send crude to abroad markets nonetheless presently is net crude buying country due to rising 472 
amounts of imported processed petroleum products. 473 
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Table 1. Parameter Assumptions for the Base Case with a Single Regional Reserve 474 
Parameter Value Unit Description 

߲ 0.98 - Discount factor 
߳ -0.067 - Oil demand price Elasticity 
 US$/barrel capacity Cost of building one additional unit of capacity 5.12 ߚ
H 0.223 US$/barrel Annual holding costs per barrel 
U 0.11 US$/barrel Cost of adding one barrel of oil into the stockpile 
D 0.13 US$/barrel Cost of withdrawing one barrel of oil from the stockpile 
 0.06- ߙ

 
GDP-oil price elasticity 

  ௜   Oil demandܦ
λ௜ [0.10-0.20  Supply disruption probability 

 475 
Table 2 shows concerning the South Asian nations, the argument to satisfy their inter-476 

generation is twenty day-having a markdown figure of 0.9, fifty-three- day, also having a 477 
markdown figure of 0.95, as well as one hundred twelve days, equaling a markdown figure 0.99. 478 
The findings implied that the International Energy Agency ninety-day markdown figures amongst 479 
them are 0.95 plus 0.99, which is enough rule of thumb to ensuring generational equity. Hence, 480 
the ultimate accumulated stock volume, as well as greater median accumulated volume, then grows 481 
identically along with a markdown parameter. Besides, attaining a bigger markdown parameter, 482 
the strategic petroleum reserves director provides extra significance to the long-run effect of crude 483 
interruption on the GDP as well as low comparative significance to the present stockpile cost 484 
accumulation, resulting in the growth of the stockpile.  485 
Table 2. South Asian countries oil dependency  486 

Country  Afghanistan Bangladesh Bhutan India Maldives Nepal Pakistan  
Sri 
Lanka 
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 Imported oil dependent? Yes Yes Yes Yes Yes Yes Yes Yes 
 487 

Considering the assessment thus far, we categorized the south Asia nations as the treated one 488 
component for the evaluation, intentionally distant from the issues of harmonization and 489 
collaboration. Similarly, in practice, a means to burden-sharing ought to be instituted together with 490 
the advancement of any territorial SPR. Another likely method is the distribution of cost, taking 491 
cognizance of every nation’s proportion of South Asian net petroleum purchase from abroad.  As 492 
this method is spontaneous as well as comparative to institutionalize, it has some lapses. The crude 493 
variation regarding the distribution of crude, that can be elucidated as below: 494 
(i) Spiking crude prices could trigger hydrocarbons reserves reductions.   495 
(ii) Due to oil price variations, Saudi Arabia as well as different nations that supply crude tend 496 

to use their reserves internally. 497 
(iii) Given the circumstance that crude prices fall to a level where the peripheral cost of the 498 

coming year's supply of crude is uneconomical to supply crude, there is a high probability 499 
of limiting productions from the oil fields or stop production entirely. Growing crude costs 500 
could trigger production cuts far above the median figure. 501 

   502 
Figure 1 OPEC behavior regarding price and supply 503 
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Within the 2010-50 period, the forecasted mean expansion ratio was 1.61 percent in a market of 504 
contracted supply rather than 1.49 percent when there was a supply glut (see Figure 1).  505 
4.1 The Treatment Effects on South Asian Economy 506 

Territorial Strategy’s treated group impact on the South Asian economies was approximated 507 
applying the approaching model. To being with, within the scenario of South Asia’s GDP 508 
expansion ratio, our research applied the ܴଶ to choose the appropriate forecasting parameters 509 
exemplified to (7)ܯ ,……,∗(2)ܯ ,∗(1)ܯ∗. Then, we apply the AICC to select the optimum from 510 
 511  .∗(7)ܯ ,…,∗(2)ܯ ,∗(1)ܯ from ∗(݉)ܯ
Table 3. Weights of the optimal control group for GDP growth rate for South Asia 512 
Country Beta Std. T 
Constant 0.485 0.937 0.49 
Afghanistan 0.433 0.121 3.92 
Bangladesh 0.410 0.213 3.21 
Bhutan -0.426 0.131 -3.01 
Nepal 0.495 0.131 4.92 
Maldives 0.389 0.132 4.32 
India 0.389 0.215 2.43 
Pakistan -0.982 0.143 -1.76 
ܴଶ=0.991 AICC=3.5828 F=67.389 
For this reason, the suitable forecasting variable of South Asia’s GDP expansion ratio is displayed in 
table 3. Applying a similar approach, South Asia’s appropriate forecasting variables of the tertiary 
sector in GDP comprises 9 regions, shown in Table 3 and 4 signify the ordinary least square 
approximates of the weights. The GDP ratio has a pretty decent expansion ratio of 0.991, connoting a 
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well-suitable finding prior interference. These findings lead to the forecasted as well as the real 
pathway nearly align on each one before the interference.  

Table 4. Weights of the optimal control group for South Asia 513 
Country Beta Std. T 
Constant 5.456 1.123 6.42 
Afghanistan 0.181 0.237 3.32 
Bangladesh -0.298 0.064 -6.43 
Bhutan 0.311 0.051 5.32 
Nepal -0.219 0.029 -2.32 
Maldives 0.396 0.039 7.71 
India 0.356 0.043 5.82 
Pakistan 0.315 0.039 6.43 
ܴଶ=0.992 AICC=−49.547 F=349.88 

 514 
Subsequently, the study applies the optimum control category plus individual country’s weight to 515 
make the counter situation of the actual pathway of South Asian nations during 2014-2018 without 516 
the presence of South Asian strategy. In addition to the point approximates, the study reveals the 517 
95 percent confidence interval. More so, due to the position approximate not depicting nearness to 518 
the variable, a margin of error is coupled unto the within approximate, thus, making us estimate 519 
the position approximates precision as well as evaluate the impact’s scope. Within the GDP 520 
expansion ratio, the real pathway is beneath the counter prevail situation, thus, the impacts are 521 
severe. Besides, the forecasted counter prevailing situation confidence gap at 95 percent, the real 522 
pathway is in with the maximum and reduced boundary of the approximated confidence interval 523 
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5. Within Table 5, the position approximates the treated group impacts indicating the percentage 524 
of their industry in GDP would be reduced without a regional strategy.  525 
Table 5. Treatment effects for GDP growth rate 526 
Country Actual Counterfactual Treatment effects 

Point  Interval  
Afghanistan 4.5 11.25  -1.32  (-3.67, 0.89) 
Bangladesh 6.9 7.43  -1.13  (-2.87, 0.79) 
Bhutan 6.8 7.89  -0.67  (-2.79, 0.56) 
Nepal 6.4 5.86 -1.45  (-3.65, 0.51) 
Maldives 5.6 3.85  -1.98  (-3.78, 0.67) 
India 2.4 7.98  -0.75  (-2.45, 0.98) 
Pakistan 1.6 4.55  -1.34  (-3.31, 0.41) 
Sri-Lanka 6.6 9.98  -1.65 (-2.08, 0.56) 

 527 
Table. 6 shows similar findings, showing a particular year’s confidence interval to be zero, 528 
signifying the statistical nonsignificant of the treated group impacts. Within Table 6, the position 529 
approximates of the treated group are depicted. It epitomizes those South Asian economies' GDP 530 
expansion rate could be extra excluding a strategy. Nevertheless, the findings are statisticaly 531 
nonsignificant. About industrial countries, the counter prevailing situation is meaningfully reduced 532 
less to the real pathway throughout the time after the interference, which causes the findings to 533 
infer the meaningfulness of the direct impact. Inferring from our presumptions, the real pathway 534 
aforementioned above is the forecasted counter prevailing situation at the maximum boundary of 535 
95 percent confidence level. Thus, this identifies the statistical meaning of the direct impacts. Table 536 
6 identifies the position as well as the gap approximates, showing the gap approximates minimum 537 
bounds are above zero, thus, demonstrating the impact of nonsignificant at a five percent point. 538 
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Table 6. Treatment effects for a percentage of the tertiary industry in GDP 539 
Country Actual Counterfactual Treatment effects 

Point  Interval  
Afghanistan 34.25  31.16 1.09 (0.78, 1.56) 
Bangladesh 32.25  32.03 3.17 (1.89, 2.87) 
Bhutan 31.32  28.78 3.76 (1.78, 2.71) 
Nepal 35.21  43.46 3.75 (2.77, 4.72) 
Maldives 23.19 23.03 5.16 (4.08, 6.25) 
India 34.82 31.16 2.09 (1.54, 4.87) 
Pakistan 34.87 45.03 2.73 (1.56, 2.32) 
Sri-Lanka 23.71 22.34 2.12 (2.77, 4.72) 

 540 
Therefore, the effect is adverse, when the real path is beneath the counter prevail situation, 541 
concerning the GDP expansion percentage. The study finds that the negative treated group 542 
statistical nonsignificant is at the 5% significant level due to the real paths drops amongst the 543 
approximated confidence gap’s minor border as well as the major border. Table 6 signifies a 544 
similar finding, that reveals a single annuum confidence interval comprises zero, depicting the 545 
treated group’s arithmetical no significance.  546 

From the analysis, an expected reduction in the global GDP expansion triggered a spike in 547 
crude prices in most of the periods. A GDP cut happened as a result of the cost escalation 548 
emanating from the crude embargo in 1973. Besides, within twenty-four months, the global GDP 549 
expansion plunge from six percent to a percentage point.  Furthermore, crude prices escalated 550 
twice owing to crude distribution shortfalls in the crude markets, connected to the 1979 Iranian 551 
Revolution, resulting in supply shortfalls of two percent and four percent, months after.  Given 552 
that circumstance, the rules are recognized as rigid. The accumulation of stocks is not anchored by 553 
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the manager’s improved conditions, nonetheless, it is inspired mostly by the constraints, 554 
culminating in the maximum stage of reserves, that are needed throughout the management scope 555 
of keeping the reserves.  556 
4.3 The Crude Producers Economic Trade-Off  557 

Besides, the proportion plus costs are applied to make outlines of gains about crude supplies 558 
from the Middle East. Additionally, when the marketplace is bullish, the medium to the short-run 559 
crude companies earing increase.  Nevertheless, when the expansion is pronounced, it causes a 560 
supply glut in the marketplace when there is the anticipation of future increased costs. 561 

 562 
Figure 2. Market response due to tax and subsidy variation in the energy sector 563 

Conferring in Figure 2, the Middle Eastern nations might agree to reimbursement for forgoing 564 
short-run earnings when supply glut happens. Indeed, the utilization of the dual austere examples 565 
about Principal objective functions prerequisite when weight is assigned to optimizing the earnings 566 
from crude purposely for community safety networks, via an increase over the indigenous 567 
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for socioeconomic purposes. Thus, the Middle Eastern crude suppliers act as profit-maximizing 569 
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agents, deprived of political influence. These countries select and make their strategy according to 570 
reduced crude earnings. When the markdown percentage plummets less than seven percentage, 571 
they decide to select market flooding binary option. Recognizing the present economic challenges, 572 
the majority of the investors are doubtful about the maximum -earnings percentage; the minimum 573 
breakeven level is at seven percentage points on the uncertain market flooding circumstance.  574 

Then, we presume that the Middle Eastern enterprises are focused alongside the disposition 575 
on the purposeful established government’s commitments. Thus, these challenges   constrain the 576 
crude-supplying enterprises extra investments  577 

The findings conform to stringent laws (place an exorbitant cost on present production), that 578 
are effective concerning the social contract viewpoint. So, equitable laws ensure that there are not 579 
enough concessions for intergenerational equity.  Similarly, an expansion in crude prices will stifle 580 
global economic advancement. Crude reserves explored and developed in a strategic pattern could 581 
assist shield the world’s economic system from the economic crisis.    582 
3.4 Ranking and Welfare losses  583 

We evaluated a functioning concerning our approximates of a general welfare cost, opposite 584 
from the features appeals in price elasticities, preliminary percentages, as well as the scope to those 585 
stable expenditures are driven to the volumetric costs. Given in Figure 3, gives the consumer 586 
readiness to remunerate throughout the crude distribution interruption. This highlights that the 587 
customers ought to remunerate more than within this time in normal circumstances.   588 
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 589 
                    Figure 3 Consumer Willingness to pay during an oil supply disruption 590 

 Countries around the globe have about seven categorizations of traditional and non-591 
traditional energy source (Casassus et al., 2018). Each categorization i is grouped via the amount 592 
of important crude types  ܳஶ,௜, whiles the upper border retailing cost of crude expenses about the 593 
crude suppliers starts the crude exploration and production. The proxy for the selling and 594 
production cost of crude is the current oil selling price. On the whole, crude shale is not added as 595 
a result of the requirements of its handling process, whereas the supplementary high-level cost of 596 
crude supply made us assume it as a supernumerary for crude other than a new grouping. Every 597 
type of crude yields to geological restraints, which limits the percentage of expansion of probable 598 
crude supply capability. Consistent to integrate resource economy, as well as the discovery 599 
procedures, the maximum size in crude supply capacity for categorization i within time t, crude 600 
suppliers within different areas apart from the Middle East, are measured by way of ‘’disastrous 601 
supplier’’ as there are not strategic plans to deal with the crude markets. Regarding retailing the 602 
crude costs ݌௢௜௟, it is vital to observe that the gains of crude categorization are selected for the 603 
possible financing. Furthermore, crude supply capacities are formulated at high -level number of 604 
increases for the lowest price groups. Nonetheless, the maximum costs group financing is halted 605 
on the condition that the cost of crude production capacity for a given group continuously 606 
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increases. Regarding the overall crude volatility indicator, market liquidity is an efficient variable. 607 
The economy looks different for different crude merchants, that gives the idea that the extra 608 
exploration for the parametric anticipation is efficient regarding a group indicator of the same 609 
decreased earnings as well as public financial activity. Table 7 indicates the vulnerable marks of 610 
the 7 South Asian nations according to the CI as well as OVI. About this, India is placed first on 611 
the list whereas Afghanistan achieves the least position.  612 
Table 7. The score of Vulnerably based on CI and OVI   613 
Country CI OVI Rank 
Afghanistan 0.90 1.55 7th  
Nepal 0.91 1.44 6th  
Bhutan 0.93 1.36 5th  
Bangladesh 0.76 1.18 4th  
Sri-Lanka 0.96 1.04 3rd  
Pakistan 0.95 1.01 2nd  
India 0.93 0.95 1st  

 614 
To ascertain the mean triggers of significant crude colonnades, we give an understanding of the 615 
evaluation to see the correlation amongst various anticipations as well as investment indexes on 616 
territorial crude reserves alongside measured views between doubtful plus happy evaluation on 617 
these natural endowments, Due to this reason, we evaluate many diverse conditions whereby the 618 
quantity of earnings are premised on unchanging surpluses,  to be a general important border, , 3.5 619 
Trillion (1012) bbl  (2.3 Trillion bbl  remaining traditional  and 1-1.2 Trillion bbl of non-620 
traditional) whereas reduced  bound 2.4 Trillion bbl (de Castro et al., 2009).  The weighting 621 
parameter figures attain a frequency from a frequency from 0-1, while 0.5 is important to 622 
eevaluatea binary component. Short term crude supply elasticity is sticky as well as the substitution 623 
of crude, thus, we measure peak crude within the energy balances. With this circumstance, the 624 
declaring of investment restraints is real crude reliant, that is the period of crude reduction, groping 625 
plus inconsistent caution led to the possibility of an anticipated rapidity in crude cost increase. 626 
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Taking into mind the circumstances aforementioned, a cautions evaluation depicts that high crude 627 
prices period is slight to short run on an individual basis. Inversely, working days peak crude is 628 
anticipated to alternate as a result of the advancement of outlines, rental creation, varied periods 629 
of crude quantities. In the viewpoint of crude merchants, short-run merchants’ earnings can be 630 
influenced by longstanding reduced prices. They contend that creating an additional crude 631 
requirement within working days relies on crude -buying financial relationship to create space 632 
regarding the crude trade from abroad gains in the long run. Besides, the modern-day hypotheses 633 
of economists imply that high level energy use increases economic system advancement as well 634 
as welfare initiatives. Safety net cost as a result of crude distribution interruption highlight that the 635 
estimation of safety costs produced a yearly homeowner as well as manufacturing crude 636 
distribution interruption. The interruption of crude distribution parametrized the equation of 637 
welfare cost to be a meaningful causing parameter in the nation. This on many occasions influences 638 
the mean welfare costs per head regarding energy shortfalls for the generation of goods and 639 
services, that act the varied features in crude elasticity’s real percentage. Concurrently, the amount 640 
of unmovable cost is propelled into the volumetric ratios.  641 

Further, we applied the varied crude S-D equation to count the welfare cost of crude 642 
distribution interruption, when the fundamental hydrocarbon prices are not effective, the 643 
volumetric ratio’s meaningful proportion indicates the permanent cost. Alluding to figure seven, 644 
meaningful welfare costs as a result of crude oil distribution generated throughout the volumetric 645 
part congruently convey a particular fragment concerning permanent costs, the mean welfare costs 646 
per head of scarcity significantly grow. The thirty percent scarcity of crude distribution is 647 
accountable for the loftiest varied composition of crude costing, that rapidly expands the forecasted 648 
welfare cost via a 40% percent cut in GDP, that is nearly seven dollars in South Asia as well as 649 
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nine hundred dollars in the biggest crude use nations. Crude distribution interruption has 650 
ramifications on the viability of utilities and electricity supply in the subregion.   651 
3.5 Sensitivity Analysis  652 

The CI was calculated for every single nation by fixing the changing variable λ as 0.5. Now, 653 
the improbability that the altering variable’s λ various figures might influence CI’s structure index 654 
marks to be indeterminate. Subsequently, the study produced nine different values of λ to estimate 655 
the complex index grade from 2001 to 2016 to verify differing score of λ might influence the marks 656 
of CI. Also, to evaluate the findings of the robustness check, we produced nine varied λ, i.e., 0.1, 657 
0.2, plus 0.9.  658 
Table 8. Overall oil composite and new composite indicator score   659 
Country NCI CI Rank 
Afghanistan 0.85 0.90 7th  
Nepal 0.88 0.91 6th  
Bhutan 0.90 0.93 5th  
Bangladesh 0.81 0.76 4th  
Sri-Lanka 0.91 0.96 3rd  
Pakistan 0.91 0.95 2nd  
India 0.90 0.93 1st  

 660 
Table 8 demonstrates the recently produced mark of the consumer index. Table 8 reveals the 661 

relative boxplot of risk rankings score of every nation 2001 to 2016. The consumer index figures’ 662 
composite indicator marks are not sensitive to varied score of CI values' λ between 2001 and 2016. 663 
Nonetheless, the consumer index score marginally substitutes by varying the score of λ. Generally, 664 
the consumer index’s compound indicator marks stayed unresponsive and reliable within the 665 
changing scores, the value shows that our findings are consistent. Thus, it is summarized that the 666 
suggested method ensures to expand the sensitivity functioning of marks of consumer index by 667 
cutting the improbability throughout the distribution of different underpinning statistics, in 668 
addition, it is plausible to apply λ score to be 0.5 to estimate the consumer index marks. 669 
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5. Conclusion and Policy Implication  670 
Our study evaluated the likelihood of SPR instituted by South Asian nations whilst equally 671 

evaluating the social dimension linked peril, the disjointed crude -cut off, as well as the effect that 672 
potential SPR stockpile preparations attain a reduction of the negative effect of crude supply 673 
interruption and ensuring strategic petroleum reserves effectiveness.  674 

Our findings demonstrate that strategic petroleum reserves required amounts likewise the 675 
procurement policy is strongly reliant on out of country variables. That is; crude costs, physical 676 
crude distribution interruption, i.e. The findings imply policy formulators ought to keep extra 677 
strategic petroleum reserves on the point of minimal crude cost as well as at maximum interruption 678 
risk position. Then, the strategic petroleum reserves pulldown policy is not influenced mainly by 679 
interruption scope nonetheless interruption extent. Regarding the scenario of 24 interruptions, it is 680 
discovered that 62 % of strategic petroleum reserves ought to be distributed in the in a beginning 681 
month. The other 30% ought to be sold in the ensuing days. Although 8% is stored for the future 682 
interruption. In addition, strategic petroleum reserves procurement might expand crude cost 683 
somewhat by swaying the straightforward nitty-gritty. More so, physical crude distribution 684 
interruption might lead to serious cost shocks. Thus, South Asia’s strategic petroleum reserve’s 685 
goal is to uphold the SPR equivalent to hundred-day of crude net importation before 2025. It is 686 
refreshing to observe that the macroeconomic findings of peak crude, as well as the passage of 687 
dual option-objective function, improves homeowner welfare costs plus incomes from crude; this 688 
attains the significant effects on the subregions’ economic expansion variations.  However, the 689 
interruption of crude reserve undertakings to cut total expense may not yield a meaningful 690 
methodology. Thus, ecological emissions increased to the brink of crude SPR, it equally cascades 691 
beyond a meaningfully relative to other parts of the subregion concerning ecological effectiveness 692 
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and the ecology is unbelievably contaminated. In order to approximate the impact of social welfare 693 
on strategic petroleum reserve, South Asian nations public has circulated polices along with 694 
procedures. The findings reveal a scarcity of forethought coupled with inactiveness, creating a 695 
shocking increase in crude costs when South Asian oil-importations nations depend massively on 696 
crude afterward moving to a crude phase era. In Inferring from the findings, it is clear that there is 697 
a nonsignificant reduction in South Asian countries GDP expansion percentage as the 698 
institutionalization of SPR. The GDP of India, Pakistan, Sri Lanka, Afghanistan, and Nepal drop 699 
within the time framework. 700 
5.1 Policy Implication  701 

In conclusion, SPR presently gives the recent ideal strategic chance for nations in South Asia, 702 
cumulatively submerging themselves in the strategy, is a feasible means to achieve first-class 703 
advancement. 704 
 To begin with, South Asian economies are characterized with the least means to innovate 705 

technologically, whilst physical crude distribution interruption is the key factor that controls 706 
economic progress. Thus, South Asian nations ought to reliably implement innovation-induced 707 
methods plus an advance in the direction Of An Extra Improved Capability To Innovate, 708 
Improving Outcomes Via R & D Scale Up from Asian Nations. 709 

 The second point Is, extra activity on the stockpile pulls down approaches ought to be as a 710 
policy ramification instrument. The present stockpile circulation policy gives latitude for 711 
government concerning choosing when the quantity to free from the reserves. The new analysis 712 
on stock circulation laws caused Cost Variations for Heating Crude Reserves, Imply That 713 
Those Rules Might Have Grown Net Profits Significantly, Above The Free Will Choices That 714 
Are Made 715 
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 Recommendations to Achieving South Asia Strategic Petroleum Reserves Goal. 716 
 The subregion ought to embrace slightly the growing storage plan of actions in a usual steady-717 

state, and the optimum stock procurement percentage expansion from 2010 to 2020. When 718 
crude distribution shock happens, the public ought to reduce its crude procurement amount. 719 
Nonetheless, emanating from the understanding of reducing the cumulative expenditure in the 720 
entire managing phase, it might not be ideal to disrupt the crude reserve undertakings. in 721 
addition, the strategic petroleum reserves policy would be reliably reducing the cost impact of 722 
fear of interruption. Nonetheless, when elasticity IS at maximum, extra forceful procurement 723 
policies are rather needed whilst the inventory ought to be kept at a reduce the stockpile key 724 
keeping expenditure. 725 

In conclusion, the present analysis comes with the underlisted limits, that we envisage to 726 
tackle in the coming studies. To start with, the strategic petroleum reserve is a multifaceted 727 
challenging issue. We think only about economic loss eschewed by strategic petroleum reserves 728 
due to challenges to estimate them. Concerning our analysis, some variables as well as 729 
presumptions explicitly making reference to past data of South Asia economies. In addition, the 730 
first period of strategic petroleum reserves of South Asian nations is very challenging to discover 731 
the actual variable figures from the subregion for the study. Not with standin the limits and 732 
presumptions, out analysis gives a valued measure for the South Asia optimal strategic petroleum 733 
reserve plan of actions within varied spare presumptions as well as invigorates the effect on global 734 
crude costs from these plans of actions. Research in years to come could give a greater expansive 735 
illustration of different marketplace parameters as already aforementioned. 736 
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