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Abstract 

Environmental digital twins are increasingly proposed as instruments of 

anticipatory environmental governance, yet their legal place within 

Environmental Impact Assessment (EIA) remains unsettled. The difficulty is 
chiefly institutional, not merely technical: EIA regimes in Nigeria and South 

Africa are organised around discrete reports and one-off authorisation 

decisions, whereas digital twins produce iterative, probabilistic, and 
continuously updated outputs. This article examines the conditions under which 

such outputs may be incorporated into EIA without compromising legality, 
procedural fairness, or accountability. It argues that the key distinction is 

between admissibility and evidentiary weight: model outputs may properly 

enter the administrative record yet remain too uncertain, opaque, or 
insufficiently validated to justify significant regulatory consequences. Using 

Nigeria and South Africa as comparative case studies, and drawing on 
examples from the Limpopo basin, Nigerian coastal pollution, and municipal 

waste-routing in Tshwane, the article develops a framework for disciplined 

integration. Digital twins, it contends, should enter EIA through certified 
simulation reports, auditable provenance, structured disclosure obligations, 

and proportionate trigger-based responses, rather than through assertions of 

technological authority. Properly constrained, they may nable more adaptive 

regulation; unconstrained, they risk importing technical opacity into already 

fragile administrative systems. 
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Introduction: EIA, Environmental Uncertainty, and the Appeal 

of Digital Twins 

 

EIA has long functioned as a legal technique for managing 

environmental uncertainty.
1
 Well before contemporary debates on 

algorithmic governance and predictive systems, it rested on a 

normatively ambitious premise: public authorities should confront 

probable environmental consequences before authorising 

environmentally significant activities.
2
 EIA therefore belongs to a 

broader family of preventive public-law instruments that seek to 

move decision-making forward in time. Ideally, it allows harms to be 

anticipated, alternatives compared, mitigation specified, and 

objections heard before ecological change becomes irreversible.
3
 

Yet the procedural form through which EIA performs this 

anticipatory function remains strikingly static.
4
 In jurisdictions such 

as Nigeria and South Africa, the process still follows a familiar 

sequence: screening, baseline description, specialist reporting, impact 

prediction, time-bounded public comment, and administrative 

decision on a record expected to remain sufficiently stable for a once-

                                                                 
1
AL Balogun and others, ‗Digitalization for Transformative Urbanization, Climate 

Change Adaptation, and Sustainable Farming in Africa: Trend, Opportunities, and 

Challenges‘ (2022) 19(1) J Integr Environ Sci 17. 
2
AL Balogun and others, ‗Assessing the Potentials of Digitalization as a Tool for 

Climate Change Adaptation and Sustainable Development in Urban Centres‘ (2020) 

53 Sustain Cities Soc 101888. 
3
FO Ajagunna and OA Gbadegesin. ―Do Laws Serve or Oppose Us?? Reinventing 

Environmental Sanitation Laws in Nigeria‖. (2023) Administrative and 

Environmental Law Review 4 (2):83-96. https://doi.org/10.25041/aelr.v4i2.2972.  
4

A Devis, ‗The Renewable Energy Directive III and the streamlining of 

environmental procedures: a paradigm shift in EU environmental policy?‘ (2025) 

37(3) Journal of Environmental Law 443. 

https://doi.org/10.25041/aelr.v4i2.2972.


 From Static Assessment to Adaptive Environmental Regulation: Digital 

 Twins in Environmental Impact Assessment (EIA) Law in Nigeria and 

 South Africa 
 

80 
 

off authorisation to be lawful. This architecture assumes that 

environmental evidence can be assembled, closed, and judged in 

documentary form.
5
 It also assumes that the tempo of environmental 

change is compatible with the tempo of administrative review. 

That assumption is increasingly untenable. Environmental systems do 

not pause for the closure of an administrative file. River basins 

respond to shifting hydrological conditions; urban systems generate 

variable pollution and waste flows; coastal environments are reshaped 

by tides, storms, sediment transport, industrial discharges, informal 

settlements, and infrastructure interventions that do not respect 

procedural timelines.
6

 Climate change intensifies this mismatch 

between static legal evidence and dynamic environmental conditions.
7
 

In settings marked by weak baseline data, fragmented institutions, and 

uneven compliance systems, the difficulty is not that EIA‘s 

preventive aspiration is misguided, but that its evidentiary 

architecture is often too episodic for the environments it seeks to 

govern. 
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The practical consequences of this episodic architecture are visible in 

several African environmental settings. In the Niger Delta, for 

example, oil pollution has not presented itself as a single, closed event 

capable of being fully captured at the moment of project approval.
8
 

Contamination of land, groundwater, creeks and mangrove 

ecosystems has evolved across time, often requiring repeated 

assessment, remediation and monitoring long after initial regulatory 

decisions were made. The Ogoniland assessment illustrates this 

difficulty: the problem was not merely the occurrence of pollution, 

but the persistence, spread and delayed recognition of environmental 

and public-health harm.
9
 This shows the limitation of an assessment 

model that treats environmental knowledge as if it can be finalised at 

one procedural moment. 

Similar difficulties arise in relation to flooding, coastal erosion and 

urban environmental stress.
10

 Nigeria‘s recurrent flood disasters 

demonstrate that environmental risks are often cumulative, seasonal 

and responsive to changing hydrological conditions rather than fixed 

at the date of approval.
11

 These examples do not render EIA obsolete; 
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rather, they expose the need for assessment systems capable of 

treating environmental evidence as dynamic. The static nature of EIA 

therefore has concrete consequences: it may understate cumulative 

harm, delay regulatory response, and weaken the connection between 

predicted impact and actual environmental change. 

Environmental digital twins have emerged in this context as an 

attractive, though often over-celebrated, innovation.
12

 Broadly 

understood, a digital twin is a data-driven virtual representation of a 

physical system that updates as new information becomes available.
13

 

In environmental settings, such systems are used or proposed for river 

basins, coastlines, floodplains, urban transport, waste infrastructures, 

energy systems, and industrial pollution pathways.
14

 Their attraction 

is obvious: they seem to offer what static EIA often cannot—

continuous monitoring, iterative scenario testing, dynamic 

representations of uncertainty, and a closer link between prediction 

and operational response. That appeal is especially strong in relation 

to SDGs 9 and 11, where resilient infrastructure and adaptive urban 

                                                                 
12
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management appear to depend on systems capable of integrating real-

time data with scenario modelling.
15

 

The legal significance of that promise, however, is not self-evident. 

The issue is not whether digital twins are technically impressive, but 

whether law can use their outputs without abandoning the disciplines 

that make environmental decision-making legitimate. Continuous 

forecasts are not, by themselves, lawful grounds for public action. 

Environmental law still demands intelligibility, procedural fairness, 

institutional responsibility, and reviewable reasons. The deeper 

problem is therefore not simply that law has failed to ―catch up‖ with 

environmental data science, but that digital twins sit uneasily within 

the evidentiary and institutional assumptions on which EIA has 

traditionally relied. 

Nigeria and South Africa provide useful comparative sites for testing 

this difficulty.
16

 Both operate formal EIA systems and face acute 

governance pressures linked to urbanisation, pollution, extraction, and 

climate variability. Yet the legal frameworks differ in ways that 

matter. Nigeria‘s regime is shaped by the Environmental Impact 

Assessment Act and a federal administrative structure in which the 

                                                                 
15
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16
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―Local Context‖: The Case of Nigeria (dissertation, Newcastle University 2022); T 
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evidentiary form of submissions is central.
17

 South Africa‘s 

framework is embedded in section 24 of the Constitution, NEMA, the 

EIA Regulations, and the administrative-law standards of Promotion 

of Administrative Justice Act (PAJA).
18

 The pathway for integrating 

digital twin outputs is therefore unlikely to be identical across the two 

systems. 

This article makes a deliberately limited claim. It does not assume 

that digital twins have already improved EIA outcomes in any 

generalisable sense. It argues instead that they may support a more 

adaptive form of EIA-informed regulation in Nigeria and South 

Africa, but only if legal frameworks are redesigned around four points 

of friction: evidentiary admissibility, evidentiary weight, institutional 

ownership and coordination, and accountability for error and misuse. 

These are not secondary implementation details. They are the legal 

conditions under which predictive systems remain informative 

background tools or become decision-shaping infrastructures. 

The article proceeds in five stages. Section II frames digital twins as 

predictive evidence and distinguishes admissibility from evidentiary 

weight. Section III uses three case studies as legal stress tests. Section 

IV examines doctrinal integration in Nigerian and South African EIA 

                                                                 
17
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(2026) 17(1) Journal for Sustainable Development Law & Policy 
18
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Journal 1–38 [https://doi.org/10.17159/1727-

3781/2025/v28i0a14505](https://doi.org/10.17159/1727-3781/2025/v28i0a14505)  
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law. Section V addresses governance and accountability. Section VI 

sets out the minimum legal architecture for adaptive use.  

 

1.  Predictive Environmental Models and the Law of 

 Administrative Evidence 
 

EIA is a preventive legal and administrative process through which 

the likely environmental consequences of a proposed activity are 

identified, evaluated and considered before authorisation is granted.
19

 

Its value lies not only in technical prediction, but also in public 

participation, reasoned decision-making and accountability. In this 

sense, EIA is both an evidentiary process and a governance process: it 

gathers information, tests alternatives, discloses risks and creates a 

record upon which the legality of public action may later depend. 

Digital twins, by contrast, are not merely reports or static models. 

They are virtual representations of physical systems that can be 

updated through data inputs and used to simulate possible future 

conditions.
20

 In environmental governance, this may include river-

basin behaviour, coastal pollution movement, flood risk, waste flows 

or infrastructure stress. Their significance for EIA lies in their ability 

to connect prediction with continuous monitoring. However, this 

same quality creates legal difficulty because a continuously updated 

model does not fit easily into a process traditionally organised around 

a fixed report, a closed record and a one-off authorisation decision. 

                                                                 
19

 AL Balogun and others, (n 1) 
20

 Sahu and Upadhyay (n 12). 



 From Static Assessment to Adaptive Environmental Regulation: Digital 

 Twins in Environmental Impact Assessment (EIA) Law in Nigeria and 

 South Africa 
 

86 
 

The legal challenge posed by environmental digital twins is often 

described in overly general terms.
21

 One frequently encounters the 

claim that the technology has advanced, whereas law remains behind. 

This description is not wholly false, but it is inadequate. It obscures 

the precise problem. The relevant difficulty is not simply that digital 

twins are new. It is that they produce a type of evidentiary material 

that does not sit neatly within the categories through which 

administrative decision-making usually organises environmental 

knowledge.
22

 

Traditional EIA evidence is heterogeneous but recognisable.
23

 It 

includes baseline field studies, laboratory results, expert opinions, 

consultations, maps, project descriptions, and predictive assessments 

generated through discrete modelling exercises. These materials are 

assembled into a record that an authority can review, weigh, and rely 

upon. Digital twins complicate this picture because they are neither 

raw observational data nor conventional expert reports.
24

 They are 

computational systems that integrate multiple data streams, produce 

outputs through iteratively updated modelling, and often generate 

                                                                 
21

 X Li and others, ‗Big Data in Earth System Science and Progress towards a 

Digital Twin‘ (2023) 4(5) Nat Rev Earth Environ 319. 
22

 W Hazeleger and others, ‗Digital Twins of the Earth with and for Humans‘ (2024) 

5(1) Commun Earth Environ 463. 
23

 O Ogunwole and others, ‗Modernizing Legacy Systems: A Scalable Approach to 
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24

 S Yoon and J Koo, ‗In Situ Model Fusion for Building Digital Twinning‘ (2023) 
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probabilistic predictions rather than definitive statements of fact.
25

 

They are thus hybrid evidentiary objects: part dataset, part model, part 

scenario engine, part interface. 

The first analytical move required is therefore to distinguish 

admissibility from evidentiary weight.
26

 This distinction is familiar in 

evidence law but insufficiently developed in discussions of 

environmental digital governance. Admissibility concerns whether a 

piece of material may properly enter the record at all.
27

 Evidentiary 

weight concerns how much reliance a decision-maker may lawfully 

place on that material.
28

 These are separate questions. A simulation 

output may be admitted, documented, and disclosed, yet still deserve 

only modest weight because its assumptions remain contestable, 

because the underlying data are sparse or uneven, because local 

calibration is weak, or because the relationship between the forecast 

and the proposed regulatory consequence is too uncertain. 

This distinction matters because much of the policy literature 

effectively assumes that once a model is validated or certified, the 

                                                                 
25
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26
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27
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question of legal use is largely solved.
29

 That assumption is untenable. 

Certification may demonstrate that certain technical or procedural 

standards have been followed. It may improve trust in the provenance 

and handling of the system. It does not extinguish uncertainty. A twin 

may be meticulously documented and still produce results that are too 

contingent, too assumption-sensitive, or too context-dependent to 

justify strong regulatory consequences. In law, the problem is not 

whether one can certify a model. The problem is what public 

authorities may do, lawfully, with the outputs of that model. 

This becomes especially important in environmental governance, 

where uncertainty is not an exceptional feature but a constitutive one. 

EIA has always involved predictions. Air dispersion models, 

hydrological forecasts, traffic assessments, and ecological impact 

projections are familiar tools.
30

 But digital twins differ in at least 

three ways. First, they are designed for continuity rather than bounded 

use.
31

 Second, they are often linked to operational feedback loops 

                                                                 
29

 Martin García-Vaquero, Antonio Sánchez-Bayón and Frank Daumann, ‗From 
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30
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rather than one-off submissions.
32

 Third, they can produce outputs 

with varying degrees of uncertainty over time, meaning that their 

evidentiary condition is not fixed at the moment of submission.
33

 

These differences alter the legal stakes. A conventional model run 

once for a report is easier to stabilise within a procedural record than 

a continuously updating twin whose outputs evolve as new data 

arrive.
34

 

The proper legal response is not to exclude predictive systems from 

environmental assessment. That would be artificial and self-defeating. 

Nor is it to treat them as a superior form of evidence simply because 

they are dynamic. The more defensible response is to adopt a 

principle of proportional reliance. Under such an approach, the level 

of legal reliance placed upon a digital twin output should be 

calibrated to the significance of the regulatory consequence that 

follows from it.
35

 A twin used informationally—for example, to 

identify where further sampling or specialist inquiry is needed—need 

not satisfy the same demands as a twin whose output is used to trigger 

restrictive permit conditions, compliance escalations, or suspensions 

of activity. As the burden imposed on regulated actors increases, so 

too should the demands of validation, transparency, and opportunity 

for challenge. 

                                                                 
32
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33
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34

 Ibid 
35
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This proportionality is not merely prudential. It is the means by which 

administrative law can remain coherent when confronted with 

probabilistic evidence. Environmental law often invokes precaution, 

but precaution cannot mean that any uncertain forecast automatically 

justifies any chosen intervention. The authority must still explain why 

the evidence is sufficient for the step taken. A model predicting a 

possible pollutant exceedance may justify closer monitoring or 

conditional mitigation.
36

 It does not, without more, justify categorical 

assumptions of breach or irreversible harm. The legal relationship 

between uncertainty and consequence must therefore be articulated, 

not assumed. 

There is a second reason why digital twins must be handled carefully: 

they are not neutral reflectors of reality.
37

 They are selective and 

normative infrastructures. Every twin embodies choices about what to 

model, what data to privilege, what thresholds matter, how 

uncertainty is represented, and what counts as acceptable 

performance.
38

 A river-basin twin, for example, might foreground 

flow levels, drought risk, and reservoir operations, while leaving 

social vulnerability or informal water access largely outside the model 

                                                                 
36

 AV Chukwuka, AD Adegboyegun and AO Adeogun, ‗GIS-Based Pollution 

Mapping for Net-Zero Planning: Enhancing Blue Economy Sustainability in 

Coastal West Africa‘ in Handbook of Sustainable Blue Economy (Springer 2025). 
37
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frame.
39

 A coastal pollution twin may produce elegant plume maps 

without adequately representing local patterns of exposure or 

livelihood dependence.
40

 A waste-routing twin may optimise 

collection efficiency while embedding assumptions about service 

priorities that have distributive consequences across 

neighbourhoods.
41

 These are not merely technical matters. They are 

governance choices. Once a public authority relies on them, they 

become legal choices as well. 

This is why the literature on socio-technical governance is useful, but 

only up to a point.
42

 That literature is correct to insist that technology 

adoption depends on institutions, trust, and co-production.
43

 Yet for 

public-law purposes, one must go further. The issue is not simply that 

communities and regulators should be involved in twin design. It is 

that questions of power, access, and responsibility must be formalised 

if the twin is to function within a lawful regulatory system. Who 

controls the model? Who can inspect its assumptions? Who 

determines when an output becomes a trigger? Who bears the burden 

                                                                 
39
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40

K Akpoti and others, ‗State of Continental Discharge Estimation and Modelling: 

Challenges and Opportunities for Africa‘ (2024) 69(15) Hydrol Sci J 2124. 
41

 Qazi Salman Khalid, Shahid Maqsood, Jabir Mumtaz and Sheheryar Mohsin 

Qureshi, ‗An Emission-Capacitated Vehicle Routing Model for Sustainable Urban 

Waste Collection Using Hybrid Guided Local Search‘ (2026) 16 Scientific Reports 
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when it is wrong? Unless these questions are answered in legal form, 

digital twins risk becoming opaque infrastructures of decision support 

that are difficult for affected communities, courts, or even regulators 

themselves to interrogate. 

The conclusion of this section is therefore twofold. First, digital twins 

should be understood as forms of predictive and contestable expert 

evidence rather than as self-validating decision systems. Second, their 

regulatory use must be organised around pathways of disciplined 

reliance. This means not only creating routes through which outputs 

may enter the administrative record, but also specifying how 

uncertainty, disclosure, validation, and review relate to the 

consequences authorities wish to attach to those outputs. Without that 

architecture, the introduction of digital twins into EIA is likely to 

produce more legal instability than regulatory intelligence. 

 

2. Three Illustrative Contexts and Their Legal Significance 

The available case materials on environmental digital twins in Africa 

do not justify strong empirical claims about maturity or effectiveness. 

They do, however, illuminate the legal and institutional frictions that 

emerge when predictive systems begin to intersect with 

environmental regulation. Their value lies less in what they prove 

than in what they expose. Three contexts are particularly instructive. 
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2.1.  The Limpopo Basin Twin and the Translation Problem in 

 Transboundary Governance 

The Limpopo basin provides a useful setting because it combines 

hydrological uncertainty, multiple legal orders, shared infrastructure, 

and strong incentives for anticipatory coordination.
44

 A basin-scale 

digital twin drawing on hydrological modelling, rainfall data, 

reservoir information, environmental flow measurements, and 

satellite-derived observations can generate scenarios of drought stress, 

flood propagation, and abstraction consequences.
45

 Such a system is 

attractive from a management standpoint because it allows authorities 

to compare outcomes before interventions occur. It can enhance 

common situational awareness and support basin planning under 

uncertain conditions.  

The legal relevance of the Limpopo example, however, lies in the 

relationship between model outputs and jurisdiction.
46

 A basin twin 

coordinated by or associated with an institution such as LIMCOM(the 

four-country Limpopo Watercourse Commission) may exist within a 

transboundary governance framework.
47

 But environmental 

authorisations, dam operations, abstraction decisions, and project-

specific EIAs remain embedded in domestic legal systems. This raises 

a translation problem. A forecast generated within a shared regional 

                                                                 
44
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45
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system does not automatically become a lawful basis for national 

administrative action. For that to occur, there must be a route through 

which the model output can be received, authenticated, and weighed 

within domestic procedure.
48

 

This problem is not merely formal. It has several dimensions.
49

 One is 

provenance. Data contributing to the model may originate in multiple 

states, be processed through external technical platforms, and then 

return as outputs relevant to a particular national decision. Another is 

authority. A basin body may coordinate information-sharing and 

planning, but it may not possess direct power to impose legal 

consequences on domestic permitting authorities. A third is 

responsibility. If a national authority relies on a transboundary 

forecast that later proves materially defective, it becomes necessary to 

ask where responsibility for model design, calibration, and disclosure 

resides. 

The most interesting legal lesson here is that transboundary digital 

twins make visible a problem already latent in many forms of 

environmental coordination: the disjunction between shared 

knowledge and fragmented authority. A twin may improve 

information without clarifying who is entitled to act on that 

information. Yet in environmental law, the threshold at which 

information becomes action is precisely where legality begins to 

                                                                 
48
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49
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matter most. A forecast, however sophisticated, does not determine its 

own legal consequence. 

This is why the Limpopo context is best understood not as proof that 

transboundary twins are ready for regulatory use, but as a reminder 

that any such use requires formal institutional design. Domestic 

environmental laws would need to specify whether basin-generated 

model outputs may be submitted as specialist evidence, how their 

provenance is to be established, what weight may be assigned to them, 

and how conflicting domestic evidence is to be resolved. Cross-

border data-sharing arrangements would need to move beyond 

technical cooperation into questions of evidentiary custody, quality 

control, and responsibility for updates. Without those moves, the twin 

remains a sophisticated planning aid rather than a legally meaningful 

component of EIA. 

2.2.  The Nigerian Coastal Pollution Twin and the Instability of 

 Dynamic Evidence 
 

The Nigerian coastal example reveals a different problem: the 

procedural instability introduced by dynamic evidence into a report-

based assessment system.
50

 A coastal twin combining hydrodynamic 

modelling, satellite remote sensing, drone imagery, sensor feeds, and 

local coastal observations can generate pollution forecasts, hotspot 

maps, and scenario-based projections of dispersal under different 
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 United Nations Decade of Ocean Science for Sustainable Development, ‗Pilot 
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discharge or tidal conditions.
51

 For coastal management, this is 

attractive because it promises a more realistic representation of highly 

variable marine and shoreline environments.
52

 

Yet the legal significance of this promise lies in the structure of the 

EIA process into which the twin would be inserted.
53

 Nigeria‘s EIA 

system assumes a staged submission and review model. Information 

is collected, set out in reports, submitted for review, and exposed to 

public comment within a determinate window.
54

 The process 

presupposes a sufficiently stable evidentiary basis on which a 

decision can be reached. A digital twin unsettles this assumption 

because its outputs can change after submission. The more dynamic 

the system becomes, the less clear it is what constitutes the relevant 

record. 

This matters in several concrete ways. If a coastal pollution twin is 

used during assessment to identify likely contamination pathways, 

and subsequent incoming data materially alter those projections 

before authorisation is granted, what is the legal status of the earlier 

submission? Must the proponent update the record? Does the 

authority have a duty to revisit the evaluation? Are affected 
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communities entitled to comment on the changed output? The current 

EIA architecture does not expressly answer these questions. That 

silence is significant because it means that the legally operative value 

of dynamic modelling is uncertain even before one reaches the deeper 

questions of admissibility and weight. 

The coastal context also foregrounds data politics.
55

 Publicly 

described initiatives often emphasise stakeholder co-design, 

community participation, and localisation of interfaces.
56

 These 

features are normatively attractive, but they should not be mistaken 

for legal safeguards. A community may contribute local observations, 

host sensors, or assist in identifying discharge points, yet still have no 

enforceable right to inspect the data pipeline, challenge modelling 

assumptions, or access the outputs in a form that affects regulatory 

decisions. The result is a familiar asymmetry: communities provide 

informational value to the system without gaining corresponding 

control over how that value is translated into public authority.
57

 

The interaction with freedom-of-information and public participation 

norms is particularly important in Nigeria.
58

 Environmental data that 

remain institutionally or contractually closed can undermine the 

reality of public participation even where formal notice and comment 

requirements are observed. If the legal basis of a decision depends 

                                                                 
55
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materially on a twin‘s forecasts, then affected parties require more 

than a general statement that ―the model shows‖ a risk or safe 

condition. They need access to enough of the underlying logic to 

make challenge possible. Otherwise, digital sophistication becomes a 

new mode of opacity. 

The coastal example thus clarifies that the integration of twins into 

Nigerian EIA is not simply a matter of accepting simulation outputs 

as evidence. It is a matter of rethinking when the record is open or 

closed, how material updates are handled, and what disclosure 

obligations arise when continuously evolving evidence is brought into 

a process designed around documentary stability. 
 

3.3  The Tshwane Waste-Routing Twin and the Expansion of 

 Environmental Governance Beyond the Permit File 

 

The Tshwane context is useful because it expands the analysis beyond 

the conventional boundaries of project assessment.
59

 A waste-routing 

twin typically integrates sensor data from waste infrastructure, GIS 

mapping, routing algorithms, and sometimes citizen-generated 

reports.
60

 Its immediate purpose is operational: to improve route 

efficiency, reduce collection failures, and optimise use of municipal 

resources.
61

 In environmental terms, such systems may also lower 

                                                                 
59
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fuel use, reduce emissions associated with collection logistics, and 

improve cleanliness or service reliability.
62

 

The legal relevance of this example is not that it resembles a standard 

EIA model. It is that it shows how digital systems can become 

environmentally consequential without first appearing as formal 

evidence in an environmental authorisation process.
63

 A routing twin 

can shape municipal service expectations, define performance metrics, 

influence contracts, and indirectly affect the environmental 

obligations of developments or large generators linked to local 

infrastructure systems.
64

 In that sense, it is a reminder that the 

governance footprint of digital twins may exceed the narrow domain 

of specialist reports. 

This has two implications. First, legal analysis must look beyond 

evidence law. Procurement law, municipal by-laws, contract design, 

and public access to operational data become central. If a 

municipality deploys a routing twin through a vendor-controlled 

platform without interoperability guarantees, audit rights, or data 

portability, it may later discover that core environmental intelligence 

sits behind proprietary interfaces it does not fully control. A 

technically successful system can thus produce a legally problematic 

dependence. 

                                                                 
62
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Second, this example warns against equating measurable efficiency 

with regulatory readiness. The fact that a twin may reduce total route 

distance or improve collection times does not by itself establish that it 

is fit to play a role in environmental governance. Efficiency is not 

legality. A city may obtain operational benefits from a black-box 

system that remains opaque, difficult to audit, and poorly aligned with 

participatory or accountability norms. For public law, these concerns 

are not secondary. They are central to whether the system can 

legitimately inform regulatory expectations or compliance judgments. 

What the Tshwane example therefore contributes is a broader 

understanding of the legal field in which environmental twins operate. 

If digital twins are to matter in EIA or environmental regulation more 

generally, the relevant legal architecture must include not only 

evidentiary rules and permitting procedures, but also procurement 

safeguards, public-sector control over operational data, and 

mechanisms for scrutinising algorithmically mediated environmental 

decision-support at local level. 

 

2.3.  What the contexts support 

Read together, these contexts support a restrained but valuable 

conclusion. They do not prove that environmental digital twins are 

ready to transform EIA. They do show that different environmental 

domains generate different legal stress points. In transboundary water 

governance, the problem is shared authority. In dynamic coastal 

modelling, it is the instability of the evidentiary record. In municipal 
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systems, it is infrastructural dependency and procurement discipline. 

Across all three, the same deeper issues recur: how model outputs 

become legally cognisable, how uncertainty is managed, how 

thresholds are defined, how data are governed, and how responsibility 

is allocated. That is the level at which reform must be pitched. 

 

3.  Doctrinal Integration into EIA Law in Nigeria and South 

 Africa 

 

If digital twin outputs are to matter in EIA, they must be translated 

into legally recognisable forms. That translation requires more than 

general statutory definitions. It requires attention to how evidence 

enters the record, how procedures accommodate or resist dynamic 

updates, how public participation operates when the relevant material 

is highly technical, and how post-authorisation monitoring relates 

back to the evidentiary basis of the initial decision. 

Comparative experience shows that digital environmental modelling 

has begun to operate as institutionalised decision-support 

infrastructure in some jurisdictions, although this should not be 

mistaken for full integration into EIA law or environmental 

authorisation frameworks.
65

  The European Union‘s Destination Earth 

initiative, for instance, is designed to develop a digital twin of the 

Earth capable of monitoring, modelling and simulating natural 

phenomena, hazards and human activity in support of adaptation and 
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mitigation planning.
66

 Its relevance for Nigeria and South Africa is 

therefore not that it provides a directly transferable legal model, but 

that it illustrates how digital twins may support public decision-

making where they are connected to institutional responsibility, data 

governance and defined procedures for use.
67

  

Singapore‘s Virtual Singapore provides a second useful example, not 

as an EIA-law model in itself, but as an illustration of how a high-

resolution digital representation of a city may support urban planning, 

infrastructure analysis and environmental simulation.
68

 The lesson is 

that legal systems seeking to use digital twins must address questions 

of access, institutional control, data reliability and inter-agency use 

from the beginning.
69

 Likewise, operational water-management 

systems such as Delft Flood Forecasting and Early Warning System 

(Delft-FEWS) show that predictive environmental systems can be 

embedded in decision-making where forecasting, quality control, 

reporting and expert interpretation are structured around institutional 
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procedures.
70

 These examples therefore do not provide ready-made 

legal templates for Nigeria and South Africa; rather, they show how 

digital systems may support forecasting, planning and environmental 

decision-making where institutional responsibility, data governance 

and review procedures are clearly defined. 
 

3.1.   Nigeria: admissibility, authentication, and the structure of 

 the EIA record 

 

Nigeria‘s EIA Act is built around a preventive approval structure. 

Section 2 prohibits projects likely to significantly affect the 

environment from proceeding without prior assessment. Section 3 

establishes the evaluative logic of environmental study and review, 

while sections addressing notice, consultation, and review assume the 

existence of an identifiable documentary record. This statutory logic 

matters because digital twins challenge the assumption that relevant 

environmental evidence can be packaged in a relatively stable form.
71

 

The first doctrinal issue is admissibility. If a digital twin output is to 

be used in a contested administrative or judicial setting, the Evidence 

Act 2011 becomes highly relevant. Section 84 is the key provision. It 

governs statements contained in documents produced by computers 

and requires that certain conditions be met before such documents are 

admissible. Section 84(4), in particular, requires a certificate 

identifying the document and describing the manner in which it was 

                                                                 
70
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produced. Nigerian case law has emphasised the importance of such 

requirements. Kubor v Dickson
72

 underscored the strict treatment of 

electronically generated material, and Brila Energy v FRN
73

 clarified 

that although a section 84 certificate is not the only conceivable route, 

it remains a principal means of grounding admissibility. 

For digital twins, this has immediate practical implications.
74

 A 

forecast map, animated visualisation, or dashboard cannot be assumed 

to carry legal weight in its native form. It must be translated into a 

documentary artefact capable of satisfying the demands of electronic 

evidence law. This means that a model output should ordinarily be 

accompanied by a structured report stating, at minimum, the model 

used, version information, data sources, the system through which the 

output was produced, relevant assumptions, calibration status, and the 

nature of the output being tendered. In other words, the twin must be 

rendered into evidence through documentation, not merely displayed 

through interface. 

Yet admissibility is only the beginning. The deeper issue is what 

follows once the material is in the record. Here the distinction 

between admissibility and weight becomes central. A Nigerian 

authority may lawfully receive a digital twin output and still be 

obliged to assign it limited significance. A probabilistic flood 
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projection, pollution plume, or traffic-emissions forecast remains 

open to challenge on grounds of model choice, data sufficiency, 

calibration, sensitivity, and scenario selection. If an authority simply 

cites the output without explaining why it relied on it, the decision 

risks appearing unreasoned. The more intrusive the consequence 

attached to the model output, the stronger the obligation to explain 

how uncertainty was evaluated. 

This problem becomes particularly acute at the scoping stage. EIA in 

Nigeria is supposed to identify the issues that require investigation.
75

 

If a proponent wishes to rely on a digital twin as part of impact 

analysis, that intention should be disclosed at scoping in more than 

generic terms. A proper modelling plan should identify the 

environmental variables to be modelled, the intended scenarios, the 

sources of data, the proposed update logic, the approach to validation, 

and the form in which outputs will be disclosed. Without that level of 

specificity, the authority and the public cannot meaningfully assess 

whether the twin is an appropriate methodology or merely a rhetorical 

marker of innovation.  

During substantive assessment, the twin output should be treated as 

the equivalent of a specialist study rather than as an informal 

supplement. This does not mean it must displace conventional 

specialist evidence. On the contrary, one of the more serious 

analytical mistakes would be to present the twin as a replacement for 
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baseline and field-specific expertise. In most cases, it should sit 

alongside and be tested against more conventional forms of 

environmental assessment. A hydrological twin, for example, may 

refine understanding of flow scenarios, but it does not make site-

specific ecological observations redundant. A coastal dispersion 

model may illuminate pollutant pathways, but it does not substitute 

for direct measurement or sediment sampling.
76

 Authorities should be 

alert to this complementarity rather than allowing the symbolic 

authority of digital systems to crowd out other evidence. 

Public participation presents a further difficulty. Nigerian EIA 

procedure assumes that the public can be informed of the contents of 

the assessment and afforded an opportunity to comment. But the 

meaningfulness of that opportunity depends on the intelligibility of 

the material. A twin output that appears only as a highly technical 

simulation without explanatory disclosure risks undermining the 

reality of participation. This suggests that twin-supported assessments 

should include a non-technical explanation of the model‘s purpose, 

assumptions, limitations, and uncertainty range. That explanation 

should not be a mere publicity summary. It should be designed to 

support actual challenge. If affected communities cannot understand 

the basis of the simulation, participation becomes formal rather than 

substantive. 

                                                                 
76
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The most difficult Nigerian issue arises at the post-authorisation stage. 

Digital twins are most attractive when they continue to operate after 

approval and inform adaptive management. Yet Nigeria‘s EIA 

framework is not presently designed around a continuously shifting 

evidentiary environment. If permit conditions are to depend on 

updated outputs, then there must be express legal authority for such 

reliance, clear disclosure duties, and procedures for review where 

updated outputs materially alter the regulatory posture. Otherwise, 

post-authorisation twin use may erode the procedural safeguards of 

the original assessment by introducing moving evidentiary targets 

outside the original participatory framework. 
 

3.2.  South Africa: constitutional environmentalism, NEMA, 

 and model-dependent administrative judgment 

 

South Africa‘s doctrinal terrain is both more receptive and more 

demanding. Section 24 of the Constitution creates a rights-based 

background for environmental regulation. NEMA and the EIA 

Regulations 2014 structure environmental authorisation through 

principles of sustainable development, integrated environmental 

management, public participation, and specialist input. Administrative 

action under this framework is further disciplined by the Promotion of 

Administrative Justice Act,
77

 which requires lawful, reasonable, and 

procedurally fair decisions. 
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In this environment, the obstacle to digital twins is less likely to be 

basic admissibility. Section 15 of the Electronic Communications and 

Transactions Act
78

 allows data messages and similar electronic 

records into evidence, subject to reliability considerations. The more 

difficult issue is whether reliance on such material can satisfy the 

standards of rationality, reasonableness, and fairness demanded by 

administrative law. That is a more exacting question than it first 

appears. A digital twin output may be technically impressive and still 

be legally insufficient if the authority cannot show why the model 

was trusted, how uncertainty was understood, and how affected 

parties were enabled to respond. 

 

The EIA Regulations provide an obvious route for twin-related 

material to enter the process.
79

 Scoping reports and environmental 

impact reports routinely include specialist studies and assessments of 

alternatives, cumulative effects, and mitigation options. There is no 

conceptual barrier to a proponent saying that hydrological, coastal, 

atmospheric, or waste-related scenarios have been modelled through a 

digital twin architecture. The challenge lies in the detail. If such 

modelling is to influence the authorisation decision, the report must 

disclose enough about the system to make scrutiny meaningful. 

Merely invoking a ―digital twin‖ would be legally empty. 
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The participatory implications are significant. South African 

environmental law takes public participation seriously.
80

 Interested 

and affected parties must be able to inspect and respond to the 

evidentiary basis of the decision.
81

 A twin output that is materially 

relied upon therefore requires layered disclosure. Technical 

documentation is necessary for specialist interrogation; non-technical 

explanation is necessary for broader participatory fairness. It may also 

be necessary, in cases of substantial reliance, to facilitate independent 

expert review so that the public‘s ability to contest the model does not 

depend entirely on its own technical resources. 

This leads to a subtle but important point. In South Africa, digital 

twins should not be seen as reducing the procedural burden of 

environmental assessment by delivering ―better information.‖ They 

are more likely to increase that burden, because using them lawfully 

requires greater attention to explanation, transparency, and 

reviewability. The price of technically richer evidence is procedurally 

richer justification. 
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The post-authorisation domain is where the South African framework 

offers the greatest conceptual space for twin integration. 

Environmental management programmes, audit duties, and 

compliance monitoring already create a setting in which iterative 

information can matter. A digital twin could, in principle, support 

adaptive permit conditions, periodic review triggers, or escalated 

monitoring obligations. But again the legal challenge is not simply 

technical feasibility. It is how updated outputs become part of a 

lawful compliance architecture. If model results continue to evolve, 

the regulated party and affected public must know when those results 

are treated as informational, when they become trigger-relevant, and 

what rights of challenge remain available. Continuous modelling 

cannot become a route to continuous but opaque regulatory drift. 
 

3.3.  Why both systems need a certified simulation report 

Despite their doctrinal differences, both jurisdictions would benefit 

from a common evidentiary bridge: the certified simulation report.
82

 

This is not because their laws are identical, but because both operate 

through administrative records and reason-giving. A certified 

simulation report would convert dynamic modelling outputs into a 

stable legal artefact.
83

 It should identify the model, record its version, 
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specify inputs and provenance, summarise validation and calibration, 

define scenarios, state uncertainty, and include a clear explanation of 

limitations.
84

 In higher-stakes contexts, it should also contain an 

independent audit or review statement. 

The certified simulation report proposed here is not without 

comparative analogues. Environmental assessment systems already 

rely on documentary mechanisms that translate technical knowledge 

into legally reviewable form. Independent review of EIA quality, 

expert verification, audit statements and environmental compliance 

reports all perform a similar function: they do not eliminate 

uncertainty, but they make the basis of expert reliance visible. For 

example, the Netherlands Commission for Environmental Assessment 

provides independent advice on the scope and quality of 

environmental assessment reports and processes,
85

 illustrating how 

external review can strengthen the credibility and completeness of 

environmental decision-making.
86

 A certified simulation report would 

adapt this logic to digital twin outputs by requiring the modelling 

process, assumptions, uncertainty range and validation status to be 

placed in a form capable of legal scrutiny.  
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This is why certification should be understood as procedural 

certification, not a guarantee of scientific truth. The report should 

certify that the model output has been generated, documented and 

disclosed according to defined standards. It should not certify that the 

predicted environmental outcome will necessarily occur. This 

distinction is important because it preserves the legal separation 

between admissibility and evidentiary weight. The report brings the 

digital twin output into the administrative record, but the regulator 

must still decide how much reliance the output deserves in light of 

uncertainty, contestation and the seriousness of the regulatory 

consequence. 

The key point is conceptual. The report does not certify that the 

model is correct. It certifies that the system and output have been 

documented in a way that permits legal scrutiny. In Nigeria, that helps 

satisfy the evidentiary formalities associated with computer-generated 

material and creates a reviewable record. In South Africa, it supports 

intelligibility, participation, and reasoned reliance. In both contexts, it 

supplies the documentary focal point through which contestability can 

be organised. 

4.  Governance, Data Rights, Validation, and Administrative 

 Accountability 

 

A digital twin is not merely a method; it is an ongoing system of 

environmental governance. That fact carries important legal 

consequences. A static model run for a single assessment can be 
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judged primarily by reference to its assumptions, method, and output. 

A twin, by contrast, depends on continuous data ingestion, periodic 

recalibration, institutional maintenance, quality control, access 

management, and threshold governance. It is therefore not enough to 

ask whether a twin output is admissible. One must ask who is 

responsible for the integrity of the system from which that output 

emerges. 

4.1.  Institutional custody and the problem of ownership 

The first governance question is deceptively simple: who owns the 

twin? The answer is rarely straightforward. A digital twin may be co-

developed by regulators, universities, private vendors, international 

organisations, and community actors.
87

 It may sit technically on one 

platform and institutionally within another. It may rely on datasets 

controlled by multiple public bodies. In legal terms, ―ownership‖ is 

often less important than custody and authority. Who is answerable 

for maintaining the twin, setting standards, approving updates, 

disclosing changes, and coordinating its use in decision-making? 

Absent a clear answer, digital twins are likely to generate two 

opposite pathologies. One is institutional abandonment: the system is 

launched, perhaps through a pilot, but no public body has the 

sustained authority or budgetary responsibility to maintain it. The 

other is infrastructural capture: the system becomes operationally 

indispensable but is effectively controlled by private vendors or 

narrowly specialised technical actors whose incentives do not map 
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cleanly onto public accountability. Both are inimical to lawful 

environmental governance. 

The appropriate response is to create a custody structure rather than 

merely a project. This need not always take the form of a new 

institution. It could be a defined function within an existing 

environmental ministry, basin commission, municipal authority, or 

inter-agency platform. What matters is that there be a legally 

recognisable body responsible for standards, registry, audit 

coordination, disclosure protocols, and inter-agency data governance. 

Without that, no one is responsible for the integrity of the system 

when its outputs begin to shape decisions. 

 

4.2.   Data governance and the public character of 

 environmental intelligence 

Digital twins depend on data, but the legal meaning of that 

dependency is often misunderstood.
88

 The relevant issue is not simply 

whether data are available. It is whether the legal framework 

governing access, control, and use is compatible with public decision-

making. Environmental intelligence used in permitting or compliance 

cannot be governed entirely as if it were an ordinary private asset. 

Once it enters the justificatory structure of a public decision, 

transparency and review concerns are engaged. 
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This does not mean that all environmental data should be fully open 

at all times. Some data may be commercially sensitive, security-

sensitive, or linked to identifiable persons or communities. But it does 

mean that the law must distinguish between secrecy justified by 

legitimate protection and opacity that merely conceals the evidentiary 

basis of public action. At minimum, the public logic, threshold 

criteria, general assumptions, and explanatory basis of regulatory 

reliance must be disclosed in a meaningful way. 

The issue becomes even more complicated where local knowledge, 

citizen observations, or community-generated data are involved.
89

 

These forms of input may improve the twin‘s responsiveness, but they 

also raise issues of consent, benefit-sharing, and data sovereignty. It is 

not enough to celebrate participatory sensing if the result is a system 

that uses local knowledge to support state or project decisions without 

giving affected communities meaningful control over how that 

knowledge is represented and deployed. This is particularly sensitive 

in contexts where environmental governance already suffers from 

legitimacy deficits. 
 

4.3.  Validation, auditing, and the temporality of trust 

A static certification model is ill-suited to environmental twins. 

Continuous systems change, drift, and fail in ways that are often 

difficult to detect from the outside. Sensors degrade; weather patterns 

change; land-use conditions alter the relevance of earlier calibration; 

software interventions affect system outputs. For these reasons, trust 
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in a digital twin must be temporal rather than one-off. It must be 

earned and renewed. 

The most workable approach is a tiered validation regime. Where a 

twin is used only to guide further inquiry or support low-stakes 

monitoring, a lighter form of validation may suffice: clear provenance, 

baseline testing, and disclosure of uncertainty. Where the twin is used 

to justify conditional permit obligations, the system should be 

periodically benchmarked against observed conditions, and those 

results should be reported. Where the twin is tied to regulatory 

triggers or enforcement-linked consequences, stronger requirements 

become necessary: external audit, incident reporting, change logs, and 

explicit rules for downgrading or suspending the model‘s trigger 

function when performance falls below threshold. 

This is important because one of the greatest risks of digital 

governance is silent degradation. A model may continue to operate 

and even to produce visually persuasive outputs while gradually 

losing evidentiary reliability. Administrative law should not assume 

that operational continuity equals legal trustworthiness. Continuous 

reliance requires continuous governance. 

Comparative practice also shows that successful use of digital 

environmental systems depends less on technological sophistication 

alone than on governance arrangements surrounding the technology. 

Destination Earth,
90

 Virtual Singapore
91

 and Delft-FEWS
92

 each 
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illustrate, in different ways, that digital systems require institutional 

ownership, defined user access, maintenance responsibilities and 

procedures for updating information. Their usefulness depends on 

whether public authorities can understand, interrogate and explain the 

system‘s outputs. For Nigeria and South Africa, this means that 

digital twins should not be procured or adopted merely as software 

platforms. They should be governed as public decision-support 

infrastructures with clear rules on data custody, model updating, audit 

rights, public disclosure and institutional accountability.  

This point is especially important where digital twins are supplied by 

private vendors or developed through donor-funded pilots. If the 

public authority lacks access to source data, change logs, validation 

records or model assumptions, it may become dependent on a system 

it cannot adequately explain. Such dependence is legally dangerous 

because environmental decisions must remain reviewable even when 

they are technically assisted. Procurement contracts and inter-agency 

agreements should therefore require interoperability, data portability, 

audit access and disclosure protocols. Without these safeguards, a 

digital twin may improve operational efficiency while weakening the 

legal transparency of environmental governance. 
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4.4.  Liability, duty of care, and review 

The distribution of responsibility in digital twin systems is complex.
93

 

Permit holders remain responsible for compliance with environmental 

obligations. They cannot evade liability by blaming a model. But 

consultants, certifiers, system operators, and vendors may also be 

responsible in different ways. A consultant who negligently certifies a 

model, a vendor who conceals relevant system limitations, or an 

operator who fails to maintain calibration may all contribute to 

regulatory failure. 

At the same time, regulators remain subject to public-law review. The 

presence of a sophisticated model does not relax the duty of reason-

giving. If anything, it intensifies it. A regulator that relies heavily on a 

twin output without explaining why that reliance was proportionate, 

how uncertainty was evaluated, or how affected parties could 

challenge the model is vulnerable to the charge that it has substituted 

technical opacity for legal justification.
94

 

This means that liability and accountability should be understood as 

layered rather than singular. Environmental responsibility remains 

with the regulated actor; professional responsibility may attach to 

those who design or certify the system; contractual responsibility may 

govern relationships with vendors and operators; and public-law 

accountability remains with the authority that uses the system to 
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justify regulatory consequences. A robust framework makes each 

layer explicit rather than assuming that responsibility will sort itself 

out through practice. 
 

4.5.   Failure modes as design criteria 

The most credible legal frameworks are built around predictable 

failure, not optimistic assumptions.
95

 Digital twins in environmental 

governance are susceptible to a number of recurrent problems: 

incomplete datasets, geographically uneven measurement, false 

positives, false negatives, model drift, vendor dependence, weak 

public-sector capacity, and the translation of technical outputs into 

regulatory action without adequate scrutiny. These are not reasons to 

reject digital twins altogether. They are reasons to build legal 

safeguards before reliance deepens. 

Such safeguards include interoperability requirements, audit rights, 

data portability, mandatory disclosure of model changes, plain-

language explanations, rights of technical challenge, and explicit 

differentiation between informational and trigger-based uses. The 

more a legal framework internalises these risks, the less likely it is 

that digital twins will become sources of opaque administrative power. 
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5.  Conclusion 

Environmental digital twins are not legally valuable simply because 

they generate more data, richer visualisations, or more granular 

scenarios than conventional assessment tools. Their legal significance 

depends on whether environmental law can accommodate predictive, 

continuously updating, and probabilistic outputs without 

compromising the principles that make EIA legitimate: intelligibility, 

participation, accountability, and reviewability. The central claim of 

this article is therefore not that law must choose between innovation 

and regulation, but that it must distinguish between admissibility and 

evidentiary weight. A digital twin output may properly form part of 

the administrative record while remaining too uncertain, assumption-

dependent, or weakly validated to support substantial regulatory 

reliance. The legal question is not whether such systems should be 

used at all, but under what conditions their use is justified. 

The comparison between Nigeria and South Africa clarifies this point. 

In Nigeria, the main difficulties concern record formation, 

authentication, and the fit between dynamic model outputs and a 

report-based EIA framework. In South Africa, the more demanding 

issues lie in public justification, participatory fairness, and reasoned 

administrative reliance within a constitutional and administrative-law 

setting. The case studies further show that the legal issues are 

domain-specific, extending from shared authority in transboundary 
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basins to the incorporation of digital-twin logic through municipal 

procurement and operational infrastructures. 

The appropriate legal response is therefore incremental but exacting. 

Digital twins should be mediated through certified simulation reports, 

differentiated validation standards, and explicit rules for post-

authorisation use. The comparative examples also suggest that 

Nigeria and South Africa should approach digital twins incrementally. 

Existing international practice supports the use of digital systems for 

forecasting, planning and environmental decision-support, but it also 

shows that their legal value depends on institutional design. The 

central reform task is therefore not to import digital twins wholesale, 

but to create domestic legal pathways through which their outputs can 

be documented, challenged, reviewed and proportionately relied upon. 

Unless law disciplines their use tightly through requirements of 

auditability, institutional responsibility, liability, and reason-giving, 

they will merely reproduce familiar governance weaknesses in more 

technically complex form. 




