
Journal of Applied Informatics and Computing (JAIC) 

Vol.10, No.2, April 2026, pp. 1312~1320 

e-ISSN: 2548-6861    1312 

  

  

http://jurnal.polibatam.ac.id/index.php/JAIC  

Optimal Control Application to the Dynamics of Corporate Tax Revenues 

in the Democratic Republic of Congo (2000–2024) 
 

 

Pierre Raymond Bossale 1*,Nguemfouo Marcial 2** 
* Department of Economics, Universite Pedagogique Nationale & University of Kinshasa D.R. Congo  

** Department of Mathematics, University of Yaoundé I, Yaoundé, Cameroon  
sciencefiscale2024@gmail.com 1, marcial.nguemfouo@facsciences-uy1.cm 2 

 

 

Article Info  ABSTRACT  

Article history: 

Received 2025-11-30 

Revised 2026-01-12 

Accepted 2026-01-26 

 
 

The mobilization of tax revenues represents a critical challenge for the 

Democratic Republic of Congo (DRC), particularly during the transition from 

the Impot sur les Benefices et Profits (IBP) to a new Corporate Income Tax 

system in 2026. Historically, corporate taxes have been volatile due to 

economic fluctuations and administrative inefficiencies. We formulate a two-

dimensional optimal control problem using Pontryagin’s Maximum Principle 

and logistic growth modeling to capture revenue saturation effects. The 

nonlinear boundary value problem is solved via an efficient forward-backward 

sweep algorithm with fourth-order Runge-Kutta discretization. Empirical 

calibration uses DRC tax data (2000-2024) estimated with Generalized Method 

of Moments. Our analysis reveals that an optimally controlled transition could 
increase cumulative revenue by 18-25% compared to passive policies. The new 

tax system shows higher growth potential (𝛼2 > 𝛼1) and enforcement 

effectiveness (𝛽2 > 𝛽1). Optimal enforcement involves gradual reallocation 

from IBP to the new system, with front-loaded IBP enforcement maximizing 

legacy system revenue. The study recommends phased enforcement 

reallocation, early investment in new system capacity, and saturation-aware 

revenue targets. These findings provide rigorous quantitative guidance for the 

2026 tax reform implementation, highlighting the opportunity cost of non-

strategic administration. 
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I. INTRODUCTION 

The mobilization of tax revenues represents a fundamental 

challenge for economic development, particularly in resource 

rich developing economies like the Democratic Republic of 

Congo (DRC). The corporate income tax system, known as 

the "Impot sur les Benefices et Profits" (IBP), has historically 

been a major source of government revenue, yet its 

performance remains volatile due to economic fluctuations, 
regulatory changes, and administrative inefficiencies. With 

the formal sector tax base limited relative to the overall 

economy, understanding revenue saturation dynamics 

becomes crucial for effective fiscal policy.  

The ongoing tax reform in the DRC, which introduces a 

new corporate tax system to replace the IBP in 2026, creates 

a unique natural experiment for analyzing fiscal transition 

dynamics. This transition presents both challenges and 

opportunities: while the new system aims to broaden the tax 
base and improve administration, mismanaged transitions can 

lead to revenue volatility and economic distortions. Few 

studies have addressed the computational optimization of 

such multi-regime fiscal transitions, particularly in 

developing country contexts.  

This paper makes three primary contributions to the 

literature. First, we develop a novel multi-regime optimal 

control model that simultaneously captures the phasedown of 

the legacy IBP system and the phase-in of the new corporate 

tax, incorporating revenue saturation effects through logistic 

growth modeling. Second, we implement a computationally 
efficient algorithm for solving the resulting nonlinear two 

point boundary value problem, making the approach 

accessible for policy analysis. Third, we provide empirically 
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calibrated policy recommendations for the DRC’s specific 

context based on historical tax data from 2000-2024, offering 

quantitative guidance for the 2026 reform implementation. 

Our approach builds upon the theoretical foundations of 

optimal fiscal policy [1]–[3] while addressing the 

computational challenges of solving high-dimensional control 

problems with saturation effects [9]. The model incorporates 

key features of the Congolese economy, including 
institutional constraints on tax administration efficiency, 

sectoral heterogeneity, and the finite taxable capacity of the 

formal sector. 

      II. LITERATURE REVIEW 

Optimal control theory provides a rigorous framework for 

analyzing dynamic fiscal policies. The seminal work of 

Pontryagin et al. [4] established the mathematical foundations 

for continuous-time optimization, enabling the formulation of 

dynamic policy problems with state and control variables. 

This framework has been widely applied in economics to 

analyze intertemporal decision-making under constraints. 
In public finance, Arrow and Kurz [1] pioneered the 

application of optimal control to government investment 

decisions, highlighting the relationship between public 

capital, private savings, and long-term growth. Their work 

demonstrated how dynamic optimization could inform public 

investment strategies. Turnovsky [2] extended this framework 

to characterize optimal taxation and expenditure policies in 

growing economies, providing insights into the trade-offs 

between current consumption and future growth. Barro’s 

endogenous growth model [3] further emphasized the 

productive role of government spending, showing how fiscal 

policy can influence long-term economic growth through 
human capital and infrastructure investment. 

The optimal taxation literature, particularly Judd [5] and 

Chamley [6], developed influential models focusing on 

intertemporal trade-offs in capital taxation. These studies 

highlighted the efficiency costs of capital taxation and 

provided theoretical foundations for optimal tax structures. 

More recently, research on state capacity and taxation in 

developing economies [7], [8] has emphasized institutional 

determinants of revenue performance, showing how 

administrative capacity, political institutions, and compliance 

norms affect tax collection. 
Computational methods for optimal control problems have 

advanced significantly, with the forward-backward sweep 

algorithm emerging as a standard approach for two-point 

boundary value problems [10]. These methods have been 

successfully applied in various fields, including engineering 

and biological systems, but applications to fiscal policy 

remain relatively limited. Recent applications in African 

contexts, such as the work on tax efficiency in developing 

countries [11] and optimal fiscal control in emerging 

economies [12], have provided important insights but 

typically focus on single-regime systems or static analyses. 

Studies specific to the DRC’s fiscal challenges [13], [14] 

have highlighted the need for dynamic approaches to revenue 

mobilization during structural transitions, particularly in 

resource-rich contexts [15], [16]. The DRC’s dependence on 

mineral resources, coupled with administrative weaknesses, 

creates unique challenges for tax policy design. However, 

these studies often lack the computational rigor needed to 

optimize transition paths between tax regimes. 
Gap in Literature: While extensive research exists on 

optimal taxation and tax administration in developing 

countries, few studies address the computational optimization 

of transitions between distinct tax regimes. This gap is 

particularly relevant for economies like the DRC undergoing 

structural fiscal reforms. Our contribution bridges this gap by 

developing a multi-regime optimal control framework 

specifically designed for tax system transitions, providing 

both theoretical insights and practical policy guidance. 

 

III. METHODOLOGY 

A. State and Control 

We model the transition between two corporate tax regimes 

using a two-dimensional state space: 

 𝑅1(𝑡): Revenue from the legacy IBP system (million 
USD) 

 𝑅2(𝑡): Revenue from the new corporate tax system 
(million USD, effective 2026) 

The control variables represent fiscal enforcement 

intensities: 

 𝑢1(𝑡): Enforcement effort applied to the IBP system 
(unitless, normalized [0,1]) 

 𝑢2(𝑡): Enforcement effort applied to the new 
corporate tax (unitless, normalized [0,1]) 

These enforcement efforts encompass various 

administrative activities, including audit intensity, 

compliance monitoring, taxpayer education, and legal 

enforcement actions. 

 

B. State Dynamics with Saturation Effects 

  We employ a logistic growth model to capture 

revenue saturation, reflecting the finite taxable 

capacity of  the economy: 

 

{
 
 

 
 𝑅1̇(𝑡) = 𝛼1𝑅1(𝑡) (1−

𝑅1(𝑡)

𝐾1
) + 𝛽1𝑢1(𝑡)𝑅1(𝑡)

−𝛿1𝑅1(𝑡) − 𝜂 ⋅ 𝑆(𝑡) ⋅ 𝑅1(𝑡)

𝑅2̇(𝑡) = 𝛼2𝑅2(𝑡)(1 −
𝑅2(𝑡)

𝐾2
) + 𝛽2𝑢2(𝑡)𝑅2(𝑡)

 (1)

−𝛿2𝑅2(𝑡) + 𝜂 ⋅ 𝑆(𝑡) ⋅ 𝜙 ⋅ 𝑅1(𝑡)

  

 

    Here, S(t) = 1{t≥tr} is an indicator function for the 

postreform period (with tr = 2026). The parameter η controls 

the speed of the legal transition, and ϕ ∈ [0,1] represents the 

efficiency of revenue migration from the old to the new 

base.This formulation makes the multi-regime transition an 

explicit, integral part of the optimal control problem.The 
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logistic term αiRi(1−Ri/Ki) captures the concept of taxable 

capacity constraints, where revenue growth slows as it 

approaches its maximum potential level Ki. This formulation 

is particularly appropriate for the DRC context, where the 

formal sector tax base is limited relative to the overall 

economy. 

 

C. Model Justification: Logistic Growth vs. Alternatives 

 
   The choice of a logistic growth model for revenue dynamics 

is deliberate and justified by three key characteristics of the 

DRC’s corporate tax base: 

1) Saturation of the Formal Sector: The formal, taxable 

corporate sector in DRC is a finite subset of the 

economy.Growth in revenue from this base naturally faces 

diminishing returns as it approaches an upper bound Ki, 

determined by factors like legal tax rates, formal sector GDP, 

and compliance ceilings. This contrasts with endogenous 

growth models which assume unbounded growth driven by 

internal mechanisms. 

2) Empirical Plausibility: Historical IBP revenue data 
(2000-2024) shows clear signs of growth deceleration and 

volatility around perceived capacity limits, aligning with the 

logistic curve’s sigmoid shape. A pure exponential or linear 

growth model would overstate long-term revenue potential 

and fail to capture the constraints faced by tax authorities. 

3) Parsimony and and Computational Stability: While 
stochastic models could capture volatility, they add 

significant complexity for optimal control solution. The 

logistic model provides a tractable, deterministic 

representation of the core saturation constraint. The decay 

terms δi and cost parameters γi collectively capture 

stochastic-like shocks and institutional inefficiencies in a 

simplified manner suitable for our policy-focused analysis. 

 

D.    Objective Functional 

The government aims to maximize the present value of net 

revenue over the planning horizon [0, T], accounting for 

the costs of enforcement: 

 

𝐽(𝑢1 , 𝑢2) = ∫ 𝑒−𝜌𝑡 [𝑅1(𝑡) + 𝑅2(𝑡) −
𝛾1
2
𝑢1(𝑡)

2 −
𝛾2
2
𝑢2(𝑡)

2]𝑑𝑡
𝑇

0

. 

(2) 

       • ρ > 0: Social discount rate, reflecting time preference 

in policy evaluation 
       • γi > 0: Cost parameters for enforcement efforts, 

capturing administrative costs and potential economic 

distortions. 

       The quadratic cost terms reflect diminishing returns to 

enforcement intensity and potential economic distortions 

from aggressive tax administration. Higher enforcement not 

only requires more resources but may also discourage 

investment and economic activity if perceived as excessive. 

 

E. Optimality Conditions and Solution 

  The current-value Hamiltonian is: 

𝐻𝑐 = 𝑅1 +𝑅2 −
γ1

2
𝑢1
2 −

γ2

2
𝑢2
2  

          +λ1 [α1𝑅1 (1 −
𝑅1

𝐾1
) + β1𝑢1𝑅1 − δ1𝑅1]   

          +λ2 [α2𝑅2 (1 −
𝑅2

𝐾2
) + β2𝑢2𝑅2 − δ2𝑅2]. (3) 

 

The costate equations are: 

{
 
 

 
 𝜆1̇ = 𝜌𝜆1 −

𝜕𝐻𝑐

𝜕𝑅1
= 𝜌𝜆1 − [1 + 𝜆1 (𝛼1 (1−

2𝑅1
𝐾1
) + 𝛽1𝑢1− 𝛿1)] ,

𝜆2̇ = 𝜌𝜆2 −
𝜕𝐻𝑐

𝜕𝑅2
= 𝜌𝜆2 − [1 + 𝜆2 (𝛼2 (1 −

2𝑅2
𝐾2
) + 𝛽2𝑢2− 𝛿2)] .

(4) 

 

The optimal controls are determined by: 

{
 
 

 
 𝜕𝐻

𝑐

𝜕𝑢1
= 0 ⇒ 𝑢1(𝑡) =

𝛽1𝑅1(𝑡)𝜆1(𝑡)

𝛾1
,

𝜕𝐻𝑐

𝜕𝑢2
= 0 ⇒ 𝑢2(𝑡) =

𝛽2𝑅2(𝑡)𝜆2(𝑡)

𝛾2
.

                                          (5) 

 
The transversality conditions are: 

 

𝜆1(𝑇) = 0,       𝜆2(𝑇) = 0                                                  (6)   
 

F. Data and Empirical Calibration 

    We utilize annual tax revenue data from the DRC Ministry 

of Finance, Central Bank of Congo, and the Directorate 

General of Taxes (DGI) for the period 2000–2024. The 

dataset includes corporate tax revenue collections, GDP 

figures, and indicators of tax administration capacity. 

TABLE I 

SUMMARY STATISTICS OF DRC CORPORATE TAX REVENUE (2000-2024) 

Variable Mean Std.Dev Min Max Observation 

IBP Revenue (million 

USD) 

285.4 142.3 98.2 587.6 25 

GDP (billion USD) 28.5 12.4 14.2 65.7 25 

Tax/GDP Ratio (%) 1.02 0.38 0.52 1.89 25 

Enforcement Index 0.65 0.18 0.32 0.91 25 

    

 Structural parameters are estimated using the Generalized 
Method of Moments (GMM) to address endogeneity 

concerns. The moment conditions are derived from the 

optimality conditions and the revenue dynamics. Instruments 

include lagged revenue values, commodity price indices 

(copper, cobalt), and institutional quality indicators. 

   The estimation results reveal several important patterns: the 

new tax system shows higher growth potential (α2 > α1) 

and enforcement effectiveness (β2 > β1), consistent with the 

reform’s objectives of broadening the tax base and improving 

administration. The higher saturation level K2 reflects the 

expanded tax base under the new regime, suggesting greater 
long-term revenue potential. 

 

G. Computational Solution Method 

     We implement an iterative forward-backward sweep 

algorithm with the following steps: 
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1) Initialization: Guess initial control trajectories 

2) u⁽⁰⁾(t) = (u₁⁽⁰⁾(t), u₂⁽⁰⁾(t)), typically set to baseline values. 

3) Forward Sweep: Solve the state equations forward in 

time using fourth-order Runge-Kutta (RK4). 

4) Backward Sweep: Solve the costate equations backward 

in time using RK4 with terminal conditions λ₁(T) = λ₂(T) 

= 0. 

5) Control Update: Update controls using the optimality 
condition.  

6) Convergence Check: Terminate iteration when control 

updates fall below tolerance ε = 10⁻⁶. The algorithm was 

implemented in Python 3.13 with N = 1000 time steps 

over a 25-year horizon. Typical convergence required 15-

20 iterations with computation time under 30 seconds on 

standard hardware, demonstrating computational 

efficiency for policy analysis. 

 

IV. RESULTS AND DISCUSSION 

A. Policy Scenario Analysis 

We compare three policy scenarios to assess the value of 

optimal control: 

1) Baseline: No active enforcement control  
a. (u₁(t) = u₂(t) = 0) 

2) Myopic Policy: Constant enforcement based on 

historical average 

3) Optimal Control: Time-varying enforcement from our 

algorithm 

 
 

 
Figure 1. Revenue trajectories under different policy 

scenarios. Panel (a) shows the legacy IBP system revenue, 

which declines under optimal control as resources are 

reallocated to the new system. Panel (b) demonstrates the 
rapid growth of new corporate tax revenue under optimal 

enforcement. The vertical dashed line at 2026 marks the tax 

reform implementation. Optimal control smooths the 

transition between regimes while maximizing cumulative 

revenue. 

Interpretation of Figure 1: Figure 1 presents the revenue 

trajectories for both tax systems under different policy scenar 

ios: 

 IBP System Dynamics (Panel a): IBP revenue peaks 

around 200 million USD before 2026 and declines 

rapidly under optimal control as enforcement resources 
are reallocated to the new system. 

 New System Growth (Panel b): The new corporate tax 

reaches about 250 million USD by 2049 under optimal 

control, compared to roughly 200 million USD under 

myopic policy and 175 million USD under baseline. 

 Transition: Optimal control ensures a smoother transi 

tion, accelerating new system growth after 2026 while 

reducing volatility in IBP decline. 

 Policy Comparison: The myopic policy (constant 

enforcement) performs better than the baseline but 

significantly worse than optimal control, highlighting the 
value of time-varying, strategic enforcement allocation. 

 

 

TABLE II 
ESTIMATED STRUCTURAL PARAMETERS FOR THE DRC TAX SYSTEM 

Parameter Estimate Std.Error Economic Interpretation 

α1 (IBP growth) 0.0823*** (0.0241) Natural IBP revenue growth rate 

α2 (New tax growth) 0.0956*** (0.0287) New system growth potential 

β1 (IBP enforcement) 0.156*** (0.0412) IBP enforcement effectiveness 

β2 (New tax enforcement)  0.183*** (0.0453) New system enforcement effectiveness 

δ1 (IBP decay)  0.094** (0.0375) IBP evasion/inefficiency rate 

δ2 (New tax decay)  0.087** (0.0358) New system baseline losses 

K1 (IBP capacity, million USD)  650.2*** (158.3) IBP maximum revenue potential 

K2 (New tax capacity, million USD)  920.5*** (214.7) New system maximum potential 

γ1 (IBP cost) 2.34*** (0.683) IBP enforcement cost parameter 

γ2 (New tax cost) 2.18*** (0.592) New system enforcement cost 

Note: ***, **, * denote significance at 1%, 5%, and 10% levels respectively. Parameter estimation uses GMM with HAC 

standard errors 
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Figure 2: Optimal enforcement paths for both tax regimes. 

Panel (a) shows the gradual reduction in IBP enforcement 

effort as the system phases out, while panel (b)demonstrates 

the strategic ramp-up of enforcement for the new corporate 
tax system. The time-varying nature of optimal controls 

reflects the changing marginal returns to enforcement across 

different phases of the tax transition.: 

Interpretation of Figure 2: Figure 2 illustrates the optimal 

enforcement patterns that generate the revenue trajectories 

shown in Figure 1: 

 IBP Enforcement Pattern (Panel a): IBP enforcement 

shows a front-loaded pattern, increasing to 

approximately 0.30 (on a normalized scale) by 2024-

2025 before declining rapidly after the 2026 reform. This 

pattern maximizes revenue extraction from the legacy 

system during its final operational years. 

 New System Enforcement (Panel b): New tax 

enforcement begins increasing before the 2026 reform, 

reaching approximately 0.45 by 2026 and stabilizing 

around 0.40-0.45 thereafter. This early investment in 

enforcement capacity yields long-term dividends by 

accelerating the new system’s revenue growth. 

 Enforcement Reallocation: The complementary patterns 

in Panels (a) and (b) demonstrate the optimal 

intertemporal resource allocation. Enforcement resources 

are gradually shifted from the declining IBP system to the 

growing new system, with the transition occurring most 
rapidly during 2025-2027. 

 Marginal Returns Dynamics: The enforcement patterns 

reflect changing marginal returns to enforcement effort. 

As the IBP system approaches obsolescence, marginal 

returns decline, justifying reduced enforcement. 

Conversely, early enforcement in the new system has 

high marginal returns due to establishing compliance 

norms and administrative capacity. 

The optimal control strategy generates substantial fiscal 

improvements: 

 

TABLE III 

CUMULATIVE REVENUE COMPARISON (2024-2049, MILLION USD) 

Scenario IBP 

Revenue 

New Tax 

Revenue 

Total 

Revenue 

Baseline 4.215 6.892 11.107 

Myopic Policy 4.583 7.415 11.998 

Optimal Control 4.872 8.521 13.393 

Gain over Baseline 15.6% 23.6% 20.6% 

 

As shown in Table III, the optimal control strategy 

increases cumulative revenue by 20.6% compared to the 

baseline scenario. The gains are particularly pronounced for 

the new tax system (23.6%), reflecting the benefits of 

optimized enforcement timing and intensity during the 

system’s growth phase. This represents a substantial fiscal 

improvement, equivalent to approximately $2.3 billion 
additional revenue over 25 years. 

 

 
Figure 3: Cumulative revenue comparison across policy 

scenarios. The optimal control strategy (blue solid line) 

generates significantly higher cumulative revenue than both 

baseline (red dashed) and myopic policy (green dash-dot) 

scenarios. By 2049, the optimal policy yields over $13.4 

billion in total revenue, representing a 20.6% improvement 

over the baseline scenario. The annotations show final 

cumulative values, highlighting the substantial fiscal gains 

from optimal enforcement scheduling.  

Interpretation of Figure 3: Figure 3 shows the cumulative 

revenue accumulation over time, providing several important 

insights: 

 Divergence Over Time: The revenue gains from optimal 
control accumulate and diverge over time, with the 

largest differences emerging in the later years (2035-

2049). This demonstrates the compounding benefits of 

early optimal decisions. 

 Transition Period Impact: The divergence begins 

accelerating around 2026-2030, precisely during the 

transition period. This highlights the critical importance 

of optimal management during system transitions. 

 Myopic vs. Optimal: The myopic policy shows modest 

improvements over baseline but fails to capture the full 

potential gains. This underscores the value of forward 
looking, dynamic optimization compared to backward 

looking, static approaches. 
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 Final Outcomes: By 2049, the optimal policy yields 

$13.4 billion compared to $11.1 billion for baseline and 

$12.0 billion for myopic policy. This 20.6% 

improvement represents significant additional resources 

for development spending. 

 

B. Sensitivity and Robustness Analysis 

    Interpretation of Figure 4: The sensitivity analysis in Figure 
4 examines how variations in key parameters affect optimal 

revenue trajectories: 

 Growth Rate Sensitivity (Panel a): Higher growth rates 

(α1) lead to higher revenue levels and earlier saturation, 

but the qualitative pattern of front-loaded enforcement 

remains consistent across all values. This suggests that 

while precise revenue levels depend on growth 

assumptions, the optimal strategy structure is robust. 

 Enforcement Effectiveness (Panel b): Higher 

enforcement effectiveness (β1) amplifies the benefits of 

optimal enforcement scheduling, with greater differences 
between optimal and baseline scenarios. This parameter 

 Saturation Level (Panel c): Higher saturation levels (K1) 

delay the point at which revenue growth slows, extending 

the period during which enforcement has positive 

marginal returns. However, the optimal enforcement 

pattern remains qualitatively similar. 

 Decay Rate (Panel d): Higher decay rates (δ1) reduce 

overall revenue levels but increase the relative value of 

optimal enforcement, as strategic timing becomes more 

important for counteracting revenue leakage. 

 

 

 

Figure 4: Parameter sensitivity analysis for key structural 

parameters. Each panel shows IBP revenue trajectories under 

variations of a specific parameter: (a) growth rate α1, (b) 

enforcement effectiveness β1, (c) saturation level K1, and (d) 

decay rate δ1. The results demonstrate model robustness, with 

qualitative policy implications remaining stable across 

parameter variations. The analysis confirms that our main 

conclusions are not driven by specific parameter choices. 
shows the strongest influence on policy value, highlighting 

the importance of administrative efficiency. 

The sensitivity analysis confirms that while parameter 

values affect quantitative outcomes, the qualitative insights 

about optimal enforcement timing and transition management 

remain robust across plausible parameter ranges. The 

sensitivity analysis in Table IV confirms that potential 

revenue gains are most sensitive to improving the 

effectiveness (β2) and capacity (K2) of the new tax system. 

This aligns with our policy emphasis on early capacity 

building and suggests that reforms enhancing enforcement 
efficiency yield the highest returns. The model’s qualitative 

insights remain robust across plausible parameter variations, 

though precise revenue gains (18-25%) should be viewed as 

indicative rather than precise forecasts. 

 

C. Policy Implications for DRC 

 Our results yield several concrete policy 

recommendations for the DRC’s tax transition: 

 

1. Gradual Enforcement Reallocation: Optimal policy 

involves gradually shifting enforcement resources from 

the IBP to the new system over 2024-2028, rather than 
an abrupt switch in 2026. This smooth transition 

minimizes revenue volatility and allows for 

administrative learning. 

2. Front-Loaded IBP Enforcement: Intensive IBP 

enforcement in 2024-2026 maximizes revenue from the 

legacy system before its phase-out. This 

"harvesting"strategy extracts maximum value from the 

existing system while it remains operational. 

3. Early New System Capacity Building: Investment in 

new tax administration capacity before 2026 (reflected 

in higher β2) yields substantial long-term dividends. 
Early training, system development, and pilot programs 

prepare the ground for effective post-2026 

implementation. 

4. Saturation-Aware Targets: Revenue targets should 

account for logistic growth limits to avoid inefficient 

over-enforcement. As revenues approach capacity Ki, 

marginal returns to enforcement diminish, suggesting 

reallocation to more productive uses. 
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TABLE IV 

 QUANTITATIVE SENSITIVITY ANALYSIS OF OPTIMAL CUMULATIVE REVENUE 

 

D. Limitations and Implementation Challenges 

The optimal policy trajectories represent normative 

benchmarks rather than guaranteed outcomes. Successful 

implementation faces several real-world hurdles in the DRC 

context: 

 Administrative Capacity Constraints: Our model 

assumes enforcement effort ui (t) can be precisely 

scaled. In reality, the DGI may lack the skilled auditors, 

IT systems, and operational budget to achieve 

recommended enforcement levels, especially for the 
new CIT system. Capacity building must precede 

enforcement intensification. 

 Behavioral Responses and Compliance: The model 

aggregates taxpayer behavior into decay rates δi. 

Significant reforms may trigger complex, non-linear 

behavioral shifts (e.g., increased lobbying, creative 

avoidance, informalization) not fully captured by our 

logistic structure. Adaptive enforcement strategies may 

be needed. 

 Political Economy Constraints: The optimal schedule 

may conflict with political cycles, elite interests, or 
short-term revenue needs, leading to suboptimal, time 

inconsistent policies. Political will and institutional 

stability are prerequisites for implementing optimal 

strategies. 

 Data and Model Uncertainty: Parameter estimates are 

subject to uncertainty due to data limitations and model 

specification. While sensitivity analysis shows 

qualitative robustness, precise revenue gains should be 

interpreted with appropriate confidence intervals. 

Therefore, the primary value of this study is to provide a 

rigorous, evidence-based framework for thinking about the 
transition. It highlights the dynamic cost of postponing 

capacity building in the new system and the value of 

strategically reallocating effort. The quantitative results 

should inform, not replace, contextual policy judgment that 

considers institutional realities and political constraints. 

 

 V. CONCLUSION 

This study has developed and implemented a 

computationally efficient optimal control framework for 

analyzing corporate tax revenue dynamics during regime 

transitions. Our application to the DRC’s ongoing tax reform 

demonstrates that a theoretically optimal enforcement 

schedule, derived under model assumptions, suggests the 

potential to increase cumulative revenue by 18-25% in a 

counterfactual simulation compared to passive policies. This 

highlights the significant opportunity cost of non-strategic 

administration during fiscal transitions. 

    The key theoretical contribution lies in the multi-regime 

optimal control formulation with saturation effects, which 

captures the finite taxable capacity of developing economies 

through logistic growth modeling. The methodological 

innovation involves the robust numerical solution of the 
resulting nonlinear two-point boundary value problem using 

an efficient forward-backward sweep algorithm. This 

approach makes sophisticated optimal control analysis 

accessible for practical policy design. 

    From a policy perspective, our results provide quantitative 

guidance for the phased reallocation of enforcement resources 

during the DRC’s tax transition. The recommended strategy 

involves front-loaded IBP enforcement, gradual transition to 

the new system, early capacity building, and saturation-aware 

target setting. These insights are particularly relevant for the 

2026 reform implementation and could help avoid costly 
transition mismanagement. 

    More broadly, our approach demonstrates the value of 

computational optimal control methods for evidence-based 

fiscal policy design in developing economies. The framework 

can be adapted to other countries undergoing similar tax 

reforms or facing challenges of revenue mobilization amid 

structural transformation. Future research could extend the 

model by incorporating stochastic economic shocks, 

modeling strategic interactions between taxpayers and 

authorities, or integrating the fiscal model with a broader 

macroeconomic framework. The computational approach 

developed here provides a foundation for these more complex 
analyses while offering immediate practical value for 

policymakers navigating fiscal transitions. 
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Parameter Symbol Elasticity 
𝜽

𝑱∗
𝝏𝑱∗

𝝏𝜽
 

Policy Implication 

Priority Magnitude 

New System Enforcement Effectiveness β2 +0.42 High Strong positive 

New System Saturation Capacity K2 +0.31 High Strong positive 

New System Enforcement Cost γ2 -0.28 Medium Moderate negative 

Social Discount Rate ρ -0.15 Medium Moderate negative 

IBP System Decay Rate δ1 -0.12 Low Weak negative 
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CODE AVAILABILITY 

    The Python implementation of the forward-backward 
sweep algorithm, parameter estimation routines, and 

simulation code are available from the corresponding author 

upon reasonable request. The repository includes complete 

source code with documentation, example datasets for 

replication, and visualization scripts for all figures.  

 

 

.  

 

 

APPENDIX 

Algorithm Pseudocode 

RK4 Implementation Details 

For the stata equation 𝑅1̇ = 𝑓1(𝑡, 𝑅1, 𝑅2, 𝑢1): 
 

𝑘1 = 𝑓1(𝑡𝑛 , 𝑅1
(𝑛), 𝑅2

(𝑛), 𝑢1
(𝑛))                                    (7) 

𝑘2 = 𝑓1 (𝑡𝑛 +
ℎ

2
, 𝑅1

(𝑛) +
ℎ

2
𝑘1, 𝑅2

(𝑛), 𝑢1
(𝑛))                (8) 

𝑘3 = 𝑓1 (𝑡𝑛 +
ℎ

2
, 𝑅1

(𝑛)
+

ℎ

2
𝑘2, 𝑅2

(𝑛)
, 𝑢1

(𝑛))                (9) 

𝑘4 = 𝑓1(𝑡𝑛 + ℎ, 𝑅1
(𝑛) + ℎ𝑘3, 𝑅2

(𝑛), 𝑢1
(𝑛))                  (10) 

𝑅1
(𝑛+1) = 𝑅1

(𝑛) +
ℎ

6
(𝑘1 + 2𝑘2 + 2𝑘3 + 𝑘4)            (11) 

 

Similar computations apply for R₂, λ₁, and λ₂. 

 

Computational Performance Metrics 

TABLE I 

ALGORITHM PERFORMANCE ACROSS DISCRETIZATION LEVELS 

Metric Number of Time Steps (N) 

500 1000 2000 4000 

Iterations  18 16 15 14 

Time (s) 8.2 15.7 29.3 56.1 

Error  2.3×10-6 8.7×10-7 3.1×10-7 1.2×10-7 

Memory (MB) 45.2 82.7 158.3 310.6 

 

Stability Analysis 

The forward-backward sweep algorithm exhibits numerical 

stability when: 

  

ℎ <
2

𝐿
                                       (12) 

where L is the Lipschitz constant of the system dynamics. 

For our parameter values, L ≈ max(αi + βi + δi) = 0.421, 

giving stability condition h < 4.75, which is comfortably 

satisfied with our choice h = 0.025.  

 

Generalized Method of Moments Implementation 

The GMM estimator minimizes the criterion function: 

 
where gt(θ) are the moment conditions derived from the 

optimality conditions: 

𝑔1𝑡 = 𝑅1̇(𝑡)− 𝛼1𝑅1(𝑡)(1− 𝑅1(𝑡)/𝐾1)− 𝛽1𝑢1(𝑡)𝑅1(𝑡) + 𝛿1𝑅1(𝑡) 
(14) 

𝑔2𝑡 = 𝑅2̇(𝑡) − 𝛼2𝑅2(𝑡)(1− 𝑅2(𝑡)/𝐾2)− 𝛽2𝑢2(𝑡)𝑅2(𝑡) + 𝛿2𝑅2(𝑡)  

(15) 

𝑔3𝑡 = 𝑢1(𝑡) −
𝛽1𝑅1(𝑡)𝜆1(𝑡)

𝛾1
                                                        (16)  

𝑔4𝑡 = 𝑢2(𝑡) −
𝛽2𝑅2(𝑡)𝜆2(𝑡)

𝛾2
                                                  (17) 

Instrumental Variables 

We employ the following instruments to address endogeneity:  

• Lagged revenue values: R1(t − 1), R2(t − 1) 

• Commodity price indices (copper, cobalt) 

• Institutional quality indicators 
• GDP growth rates (lagged)  

Convergence Diagnostics 

TABLE II 

GMM ESTIMATION CONVERGENCE 

Diagnostic Value  Treshold  

J-statistic (overidentification) 12.34 < 15.51 

Hansen’s J p-value 0.185 > 0.05 

First-stage F-statistic 24.67 > 10 

R-squared (first stage) 0.783 - 
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