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Abstract: The digital transition is a challenge that developed countries are currently facing. The tran-
sition process is associated with different degrees of uncertainty, which are particularly relevant for
changes that have to do with the provision of goods and services produced by public administrations.
Our paper uses a partial equilibrium model to study the effects of uncertainty on the public provision
of goods and services produced by bureaucratic agencies, including the incentive of the government
to consolidate production. We assume that bureaucratic agencies may play either a cooperative game
with each other and a non-cooperative game against the government (i.e., a consolidated bureaucracy)
or a non-cooperative game with each other and against the government (i.e., competing bureaus).
Both the government and the bureaus face tradeoffs between maximizing the electorate preferences
and extracting some political and/or bureaucratic rents. We find that a cooperative (competitive)
bureaucratic solution depends on the nature of the goods produced. We find that costs’ uncertainty
affects the level of public production and the way the policymakers extract their rents.

Keywords: sub-game perfect Nash equilibrium; cooperative vs. non-cooperative bureaucratic games;
cost uncertainty

1. Introduction

In 2021, in order to mitigate the socio-economic impact of the coronavirus pandemic
and foster the green and digital transition of the member states, the European Union has
launched the Recovery and Resilience Facility, worth €723.8 billion. About half (45%)
of the facility takes the form of grants. In order to benefit from these funds, member
states have to submit national plans detailing the actions to be implemented by the end of
2026. The plans need approval from the European authorities (the sponsor): the European
Commission approves the plan and the European Council authorizes the disbursement.
One of the flagship actions of the facility is the digitalization of the public administration
(PA). To achieve this target, each member state must devote a fraction of the share of
expenditure received to digital transition. (In turn, this share must be at least 20% of
their total expenditure,([1]. The idea is that the digitalization of the PA will improve the
productivity of bureaucratic agencies. If the goods and services supplied by these agencies
have a positive impact on private sector activities, the digitalization of the PA will help
enhance growth in the EU countries as well ([2,3]). It is worth noting that the issue of
digital transition is an important concern for international organizations and governments
worldwide (see([4,5]) and the references therein.) However, we shall refer here to an
institutional framework typical of European countries, which is quite different from those
of other OECD countries.

One important dimension of this action is the digitalization of local public adminis-
trations (LPAs). LPAs provide local goods and services such as business and construction
permits, primary education and healthcare, whose levels may positively affect private
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business activities. However, although digitalization may be expected to boost the aver-
age productivity of LPAs, there is much uncertainty regarding its effects. The source of
uncertainty may stem either from the economic sector or from the existing forms of organi-
zation of labor and the related labor productivity; alternatively, uncertainty might simply
depend on the institutional context in which digitalization is implemented. For example,
digitalization associated with different forms of organizing work (e.g., as regards the share
of remote workers vs. in-person employees) can differently affect labor productivity. The
productivity-enhancing effects of digitalization may differ according to the ability of bureau
chiefs to reorganize activities in the office; or it may depend on the age distribution of the
LAPs’ workforce, and hence on the workforce’s willingness to adapt to innovation rather
than resisting it.

The aim of this paper is to present a stylized model analyzing the effects of intro-
ducing a technological innovation in bureaucratic agencies when there is uncertainty on
its productivity-enhancing effects. A general result of the paper is that uncertainty on
the productivity-enhancing effects of technological innovation will reduce the supply of
the considered goods and services by LPAs, because uncertainty will induce politicians
to appropriate a larger part of resources as political rents. The paper will suggest that
a sponsor (e.g., the European authorities) would lessen inefficiencies if it succeeded in
lowering the uncertainties associated with technological innovation.

2. Literature Review

We borrow from the standard approach to the economic theory of bureaucracy dis-
cussed by the traditional Public Choice literature ([6–17]) when governments deal with
either competing or cooperating bureaus ([18–20]). One of the main propositions from the
Public Choice literature is addressed to controlling politicians and bureaus so as to prevent
the waste of public resources by allowing for a reduction of the bureaus’ discretionary
profits and the government’s political rents. In this respect, the academic literature has also
highlighted the importance of institutional bureaucratic reorganization ([13,20,21]). For
example, governments interested in enhancing efficiency may consider different forms of
consolidation or decentralization as a way of strengthening their control over the bureau-
cracy (see [22]).

In order to consider all of these issues, as a methodological approach, we refer to
game theory, which analyzes the strategic interactions between the players within an
economic context (e.g., [23]), where the concept of a sub-game perfect Nash equilibrium
is of paramount importance. In particular, borrowing from [7,24–26], we shall present in
Section 3 a dynamic game of complete/symmetric but imperfect information to model
different institutional options of bureaucratic organization design for the public provision
of differentiated goods and services. By extending a model of bureaucratic interaction [27]
to the uncertainty regarding the cost of producing publicly provided goods and services, the
considered approach will allow us to evaluate whether and how a productivity-enhancing
innovation affects the bureaucratic institutional design, the amount of goods supplied, and
the level of bureaucratic and political rents.

3. Methodology

We present a game of complete but imperfect information to model the public pro-
vision of differentiated goods and services by bureaucratic agencies. Applying game
theory to analyze the strategic interaction between the government and the bureaucracy
is a standard methodological approach in the Public Choice literature ([7,10,12,17]). We
add to this literature the analysis of the determinants of bureaucratic organization (i.e., a
consolidated bureaucracy vs. a decentralized bureaucracy) under the uncertainty regarding
the production costs. Our interpretation of institutional design is twofold. On the one
hand, consolidation can be seen as a government decision [12]. This fits well with the
European experience (see below). On the other hand, consolidation can be interpreted as
the outcome of a cooperative game between two bureaus, in which the bureaus are able to
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form a coalition and split equally the expected benefits of cooperation [28]. In the spirit
of [25], we shall show that bureaucratic incentives to cooperate will depend on the nature
of the goods produced.

3.1. The Basic Assumptions

We assume that a sponsor (e.g., the European Commission) allocates a fixed amount
of resources (e.g., grants conditional on introducing digitalization in the LPAs) to a govern-
ment (e.g., a member state, a regional/municipal government), which takes responsibility
for the public provision of two goods/services to the community under its jurisdiction by
means of bureaucratic agencies. The government can decide on how to organize bureau-
cratic activities by having either one consolidated bureaucracy producing the two goods
or two competing bureaucracies, each producing one of the two goods. ([29,30]) propose
alternative models of the political decision to consolidate bureaucratic agencies.) One may
also think of the two bureaucracies playing either a cooperative game between each other
and a non-cooperative game against the government (i.e., similarly to a consolidated bu-
reaucracy in which the decision to integrate rests with the bureaus themselves); or playing
a non-cooperative game between each other and against the government (i.e., the case of
two competing bureaus).

It is interesting to notice that bureaucratic consolidation is usually a choice of govern-
ment, especially in Europe (for the UK, see [31], on the “bureaucratic reshuffling” in central
government agencies, [32], on the NHS hospital consolidation, [33], on the consolidation of
job services, offender services and tax collection service agencies; for Italy, see [20], on the
consolidation of local health authorities, [34], on the consolidation of regional agricultural
service agencies; for the US, see [35], on the consolidation of federal and state government
bureaus). However, in the US there are several instances of merging being promoted by
the bureaus themselves (e.g., [36], on the school district consolidation in Iowa), although
consolidation can be forced upon agencies (e.g., by state mandates for the minimum district
size) or it can be overruled by a political decision (e.g., the lack of approval by voters).

Given the institutional design (or the cooperative vs. non-cooperative game between
bureaus), the government will negotiate a budget with the bureaucratic agency(ies). It is
assumed that both the government and the bureaucracy want to satisfy the community’s
preferences for the considered goods, while being able to appropriate a share of resources
as political and bureaucratic rents, respectively, at the same time.

This story is formalized as a three-stage game. In the first stage, a sponsor allocates
a fixed amount of resources as grants to a government. The sponsor cannot interfere in
the process of goods provision, but it evaluates its outcome. In the second stage, before
allocating the resources to production, the government can choose whether to consolidate or
keep two separate bureaus. In the third stage, for a given amount of public resources, while
facing the uncertainty regarding the production costs, the government and the bureau(s)
play a compliance game: the government and the bureau(s) choose simultaneously their
compliance levels, i.e., the share of resources to be allocated to the bureaucratic budget
and the share of the budget to be devoted to production. As a result of this interaction,
bureaucratic production occurs, and political and bureaucratic rents are realized.

3.2. The Model

We consider an economy where two goods or services (Q1 and Q2) are publicly
provided by the government through bureaucratic agencies. The goods provide utility to a
continuum of consumers of the same type with a separable and linear preference function
in the numeraire good. Therefore, there are no income effects, and we can perform a partial
equilibrium analysis.

Note that we distinguish here between the public provision of private goods, which
are the focus of our analysis, and pure public goods in the sense of Samuelson, which
deserve a different treatment as regards the optimal provision in equilibrium (see [37]).
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The preferences of the sponsor are assumed to be the same as those of the representa-
tive consumer (electorate). Specifically, they are quadratic and strictly concave in the two
goods. We borrow the utility from [38], formally.

u(Q1, Q2) = α(Q1 + Q2)−
1
2

β
(

Q2
1 + Q2

2

)
− γQ1Q2 (1)

α > 0 and β > 0 will determine the position and slope of the goods’ inverse demands,
respectively, while γ indicates the relation between the two goods. For γ > 0 (γ < 0), they
are substitutes (complements). Regularity conditions require that β > | γ| (see [38]).

The above preferences imply a shadow price (vi) for each good equal to

vi = α− βQi − γQj (2)

with i, j ∈ {1, 2} and i 6= j.
The government’s preferences account for the electoral constituency (representative

consumer) and political rents obtained from the budgetary process. Political rents are equal
to the difference between public resources R assigned by the sponsor to produce each of
the two goods and the budget bi the government allocates to the bureaucracy for producing
good i ([7]).

Formally, the government’s preferences can be expressed as

G = u(Q1, Q2) + ∑ 2
i=1(R− bi), (3)

The budget assigned to produce the good i is bi = giR, with gi ∈ [0, 1] being the share
of resources that the government allocates to production (i.e., the government’s strategy or
compliance level).

Once the resources are made available, the goods are produced either by multiple
bureaus or by a single independent bureau, depending on the pre-determined design of the
bureaucratic organization by part of the government or by the ability of bureaucracies to
play cooperatively between them. Public agencies care about the bureaucratic revenue and
evaluate their activities according to vi, namely their perception of the citizens’ marginal
willingness to pay ([6]). Bureaus are also interested in slack (or bureaucratic rents), i.e.,
(1− hi)bi, where hi ∈ [0, 1] is the share of the public budget that the bureau allocates to
production (i.e., the bureau’s strategy or compliance level).

The preferences of the bureau producing the good i are:

Bi = viQi + (1− hi)bi, (4)

If public production is centralized in a single bureau, or if the two bureaus are able to
credibly commit to play in a cooperative way, Equation (4) is substituted by Equation (5):

BC = ∑ 2
i=1Bi, (5)

The production for both of the goods has constant common marginal costs, c. (Note
that a solution requires c < α; otherwise, demand and supply do not intersect.) However,
when the government and bureaus exploit their rents, choosing gi and hi, they both face
uncertainty about the production cost. We can think of c as the effective marginal cost
of producing one unit of bureaucratic output. The effective marginal cost can be seen as
the ratio between the wage rate paid to civil servants and their labor productivity. The
latter is taken to be a random variable, which is affected by technological innovation (e.g.,
digitalization), and we normalize the former to unity.

When the LPAs’ activities are highly labor-intensive, we can think of a simple linear-
in-labor technology Qi = φLi, where Li denotes the number of civil servants needed to
produce Qi units of output, and φ is a common labor productivity parameter. Civil servants
are paid a wage rate w, which in several EU countries (e.g., France, Germany, Spain and,
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for some sectors, Italy) is set by national law or by a national negotiation ([39]). This means
that we can consider wages (w) as an exogenous variable at the LPA level and set it equal to
unity for simplicity. Hence, c = w/φ = 1/φ is the effective marginal cost of producing one
unit of bureaucratic output. We assume that φ can be enhanced by the introduction of new
technologies (e.g., digitalization) in the workplace, i.e., φ = 1 without digitalization, φ > 1
with digitalization. This way of modeling productivity-enhancing innovation is common
in the labor economics literature ([40]). However, we assume that the effects of innovation
on labor productivity φ are uncertain ex ante, according to the stated shock distribution.

The total cost of producing good i is equal to cQi, which in turn is equal to the
public resources gihiR used in production. Hence, cQi = gihiR yields: Qi = gihiR/c.
We assume that, in the absence of technological innovation, the policy multiplier 1/c
(i.e., labor productivity) would be a deterministic variable normalized to unity. However,
with digitalization, the policy multiplier is unknown: government and bureaus are only
informed about its distribution, which is 1/c ∼ N

(
η, σ2

η

)
, with η > 1.

4. Results: Solution of the Model by Backward Induction

Recall the timing of the story: In the first stage, a sponsor allocates a fixed amount
of resources to a government. In the second stage, the government chooses whether to
consolidate or keep two separate bureaus. In the third stage, the government and the
bureau(s) play a compliance game: the government chooses the share of resources to be
allocated as the bureaucratic budget and the bureau(s) the share of the budget to be devoted
to production, while facing uncertainty about the production costs.

The model will be solved by backward induction, starting from the compliance game
(third stage), when the uncertainty about effective marginal costs is not yet revealed, to
determine a Subgame Perfect Nash equilibrium solution under symmetry.

4.1. Compliance Game: Third Stage

The government chooses gi by maximizing the expected value of Equation (3), taking
as given the budgetary strategy of the bureaus. Optimal choices imply (see Appendix A):

gi = −
γ

β

hj

hi
gj +

αηhi − 1

β
(

η2 + σ2
η

)
Rh2

i

, i, j ∈ {1, 2} and i 6= j (6)

It is worth noting that, other things being equal, uncertainty implies that the gov-
ernment aims to obtain more political rents from the budgetary process, as long as the
uncertainty of the effective marginal cost lowers its optimal compliance level gi from
Equation (6).

Similarly, each decentralized bureau i chooses non-cooperatively hi to maximize the
expected value of Equation (4) subject to Equation (2), taking as given the budgetary
strategy of the government. The bureaus’ first-order conditions are (see Appendix A):

hi = −
γ

2β

gj

gi
hj +

αη − 1

2β
(

η2 + σ2
η

)
giR

(7)

Alternatively, the consolidated bureau chooses simultaneously h1 and h2 to maximize
the expected value of Equation (5) subject to Equation (2), taking as given the budgetary
strategy of the government. This solution would also occur if the bureaus pre-commit
themselves to play cooperatively against the government. Optimal choices require (see
Appendix A):

hi = −
γ

β

gj

gi
hj +

αη − 1

2β
(

η2 + σ2
η

)
giR

(8)

In both decentralized and consolidated cases, uncertainty implies that the bureaus
would like to achieve more rents from the provision of the considered goods: uncertainty
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on the effective marginal cost lowers the desired level of bureaucratic compliance from
the second RHS term of Equations (7) and (8) (i.e., the bureaucratic best reply’s “intercept
effect”). Moreover, notice that under centralization (namely, bureaus’ cooperation) each
bureau, by internalizing a budget externality on the other bureau, will choose a lower level
of compliance, other things being equal. This effect can be seen by comparing the first RHS
terms of Equations (8) and (9) (i.e., the bureau’s best reply’s “slope effect”).

By solving Equations (6) and (7), we obtain the decentralized equilibrium of the
compliance game, while by solving Equations (6)–(8) we get the centralized one. On this
basis, we derive the goods provision in the different regimes.

As the game is symmetric at equilibrium: g = g1 = g2, h = h1 = h2, Q = Q1 = Q2;
then the solution of the decentralized equilibrium can be written as:

gD =
(αη − 1)[αβη + β + γ]

(2β + γ)2
(

η2 + σ2
η

)
R

(9)

hD =
2β + γ

αβη + β + γ
(10)

QD =
η(αη − 1)

(2β + γ)
(

η2 + σ2
η

) (11)

The superscript D denotes the decentralized solution of the compliance game. Un-
der rational expectations, the realized (ex-post observed) value of productivity η∗ corre-
sponds to the expected value of the cost multiplier, namely η∗ = (Ec−1) = η. Looking
at Equation (11), we can state that uncertainty, by increasing the room for political rents,
determines a reduction of the quantities of goods provided, i.e., ∂QD/∂σ2

η < 0. Uncertainty
makes the government more likely to absorb rents from Equation (9), reducing the budget
available for bureaus. Notice that bureaucratic compliance is unaffected by uncertainty
in the symmetric equilibrium from Equation (10). This means that each bureau’s desire
to obtain more rents with uncertainty (from Equation (7)) is fully offset by the strategic
interaction among the bureaus and the government.

The centralized solution implies:

gC =
(αη − 1)(αη + 1)

4(β + γ)(η2 + σ2
η)R

(12)

hC =
2

αη + 1
(13)

QC =
µ(αη − 1)

2(β + γ)(η2 + σ2
η)

(14)

Now C denotes the centralized solution. From Equation (12), the government will
choose a lower compliance level in equilibrium when facing uncertainty. In turn, this
lowers the quantities of goods provided, namely ∂QC/∂σ2

η < 0. Bureaucratic compliance, as
regards the decentralized solution, is unaffected by the uncertainty from Equation (13). This
result stems again from the strategic interaction between the bureau and the government.

If we compare the compliance levels between regimes, it turns out that the degree of
substitutability between goods affects the sign of the difference in the compliance levels of
each agent. Comparing Equations (9) and (12) yields:

gD − gC = γ
[4β + 3γ− γαµ](αη − 1)

4(β + γ)(2β + γ)2(η2 + σ2
η)R

(15)

When the goods are complements (γ < 0), the government’s compliance level will
be lower under the decentralized solution, namely gD − gC < 0 for γ < 0. When the
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goods are substitutes (γ > 0), the difference in compliance levels will depend on the value
taken by the model’s parameters (i.e., α, β, γ, µ). A necessary and sufficient condition for
gD − gC > 0 when γ > 0 is 4β

αγ + 3
α > µ > 1, namely, the increase in average productivity

following digitalization should be not too large.
Sharper results are obtained when comparing bureaucratic levels of compliance.

Equations (10) and (13) yield:

hD − hC = γ
αη − 1

(αη + 1)[(αη + 1)β + γ]
(16)

Bureaucratic compliance is higher with decentralization when the goods are substitutes
(γ > 0), whereas it is higher with centralization when the goods are complements (γ < 0).
Hence, centralization maximizes bureaucratic slack when the agencies produce substitutes.
On the contrary, agencies obtain a larger slack under decentralization when they produce
complements. This and the previous result for government compliance both depend
on how γ affects the nature of the strategic interaction between agents, as is clear from
Equations (6)–(8), above.

By comparing outputs between regimes, Equations (11) and (14) yield:

QC −QD= −γ
µ(αη − 1)

2(2β + γ)(β + γ)(η2 + σ2
η)

. (17)

The public provision of goods will be higher with consolidated (or cooperative) bu-
reaus for γ < 0 (when the goods are complements), whereas it will be higher with decen-
tralized (or competing) bureaus for γ > 0 (when the goods are substitutes), other things
being equal. In either case, until the output is higher, the electorate’s utility from the public
provision of the considered goods will be also higher. Hence, the institution financing the
provision of goods is better off if bureaus compete with substitutes but consolidate with
complements. Note, however, that the sponsor cannot directly instruct the agencies and
must rely on the institutional design chosen by the government, to which we now turn.

4.2. Institutional Second Stage

At the institutional second stage, the government knows its own expected state-
contingent payoffs at stage two. In the decentralized [centralized] regime, these can be
used by combining Equation (3) with Equations (9) and (11) (with Equations (12) and (14)).
Computing the government’s expected value function under the two regimes yields

GC − GD = −γ
4β + 3γ

4(β + γ)(2β + γ)2

(αη − 1)2(η2 + 2σ2
η)[

η2 + σ2
η

]2 (18)

The government chooses centralization as its Subgame Perfect Nash equilibrium
strategy if and only if Equation (18) is positive (i.e., for γ < 0), meaning that bureaus
produce complementary outputs. Similarly, the government chooses decentralization if
and only if Equation (18) is negative, namely for γ > 0, meaning that the bureaus produce
substitutes.

4.3. First Stage

In this stage, the sponsor financing the provision of the goods evaluates the govern-
ment use of its grant, by using the utility of the representative consumer, Equation (1) above,
as a metric. Hence, for a given degree of uncertainty, the government’s incentives align
with those of the sponsor. In other words, as long as the sponsor prefers centralization with
complements and decentralization with substitutes (see above), the sponsor’s delegation
of goods provision to the government (e.g., the European authorities financing a member
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state’s government to provide goods) is consistent with the efficient design of bureaucratic
organization.

The effects of uncertainty on the government equilibrium utility gap, and hence on
its choice of bureaucratic organization, are described in Figure 1, below, where we plot
Equation (18) for different degrees of uncertainty (σ2

η ) considering both complements (by
fixing a value for γ < 0; see the upper graph) and substitutes (for a given value of γ > 0;
see the lower graph).
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Figure 1. Government utility gap under substitutes (γ > 0) and complements (γ < 0). Note: The
figure is for illustrative purposes only, as it assumes fixed values of the parameters: α = 2, β = 1,
η = 1.2, and γ =±0.5. However, the result is generalized for the set of parameters satisfying regularity
conditions. The government prefers bureaucratic centralization for GC−GD > 0 and decentralization
for GC − GD < 0. Centralization is preferred with complements, γ < 0; decentralization with
substitutes, γ > 0.

The impact of the nature of the goods (substitutes or complements) on the Subgame
Perfect Nash equilibrium under symmetry is clear from the figure. If they are complements,
the government always prefers consolidation (as GC − GD > 0), while the opposite occurs
for substitutes (when GC − GD < 0). However, uncertainty has monotone effects on the
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government utility gap. As uncertainty grows, the difference between the outcomes of the
two regimes shrinks. When uncertainty tends to infinity, there is no difference between the
two regimes from the government’s point of view.

The result occurs because the government has an increasing incentive to appropriate
the sponsor’s entire grant as political rents, thus allocating no resource to the bureau(s), irre-
spective of the nature of the goods (see below). In other words, as uncertainty increases, the
government becomes asymptotically indifferent to the choice of bureaucratic organization,
given that in this case there is no provision of goods. For this same reason, the sponsor is
worse off with increasing uncertainty: greater uncertainty always implies a lower provision
of goods (see Equations (11) and (14)).

Our outcomes stem from different effects of uncertainty on the government and the bureaus’
equilibrium choices in the compliance game. Differentiating Equations (9), (10), (12) and (13), we
can derive the following statements.

1. The more pronounced the uncertainty, the higher the government’s political rents. Therefore,
as uncertainty grows, the government lowers the share of resources allocated to the bureaus to
produce the goods (i.e., ∂gD/∂σ2

η < 0 and ∂gC/∂σ2
η < 0). This result holds for both regimes

(i.e., it is independent of the sign of γ).
2. The impact of uncertainty on the equilibrium choices of bureaus is zero. This result holds in

both regimes, as implied by the equilibrium compliance levels Equations (10) and (13).

5. Discussion of the Results

From the previous analysis, we can draw some policy implications. The first policy
implication is as follows. The sponsor, anticipating the government’s incentives to reduce
its compliance when facing higher uncertainty- which, in turn, leads to both higher political
rents and a lower provision of goods -may want to offset these incentives either ex ante, by
enhancing its monitoring activities; or ex post, by punishing the government with a fine for
poor performance (i.e., ex post withdrawal of funds.) However, the former policy option
implies that the sponsor must incur in costly monitoring. The second policy option needs
an optimal design of the fine to avoid it backfires and may be time inconsistent.

Alternatively, the sponsor may lessen inefficiencies if it succeeded in lowering uncer-
tainties associated with technological innovation. This could be achieved by improving
information flows from the sponsor to the government on the likely effects of innovation
on bureaucratic productivity. The costs of providing information are likely to be lower than
monitoring costs. If this is the case, information provision may be a more efficient policy
for the sponsor than government monitoring.

Summing up, uncertainty in the production cost does not affect the consolidation
choices of the government, but in a limiting case of very high uncertainty. These choices
solely depend on the nature of the goods considered (substitutes or complements). The
reason is that uncertainty, which raises the government political rents, always implies a
reduction of the quantity of goods produced. This occurs in spite of the fact that bureau-
cratic agencies keep their compliance levels constant in equilibrium, hence put a limit to
the output reduction associated with greater uncertainty, other things being equal.

6. Conclusions

The analysis of this paper has shown that the uncertainty regarding the effective
marginal costs of producing two bureaucratic outputs might increase the government’s
incentives to allocate a smaller fraction of the resources obtained from its sponsor to the
bureaucratic budget(s). This, in turn, leads to a reduction in the amount of publicly provided
goods and services. For low levels of uncertainty, there are no effects on the government
decision on how to organize bureaucratic production, as long as this choice depends only on
the degree of substitutability and complementarity between goods. This means that when
the goods are complements, the government’s incentive will be to consolidate production of
the two goods in a single bureau. Nevertheless, for a very high level of uncertainty, which
always implies a sharp reduction of the quantity of goods produced and greatly raises the
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government’s political rents, although bureaucratic agencies keep their compliance levels
constant in equilibrium, the result changes, and the incentive for government centralization
with complements shrinks and might disappear.

Our model has some implications for the program of digitalization of the public
administration in member states associated with the 2021–2026 Recovery and Resilience
Facility of the European Union. In order to maximize the productivity-enhancing effects
of digitalization in the PA, the model suggests the importance of reducing the uncertainty
associated with technological innovation as perceived by local governments. This task may
be enhanced if the European Commission (i.e., the sponsor) provides clear information
and benchmarks on the likely effects of going digital in the PA. For example, a widespread
diffusion among politicians of the results of the DESI reports (Digital Economy and Society
Index) on digital public services and e-government ([41]) may be a step in the right direction.

A different view is that a sponsor may be willing to promote the introduction of a new
technology only in so far as this is associated with a reduction in uncertainty. Specifically,
the received view is that international organizations promote digitalization exactly because,
by increasing transparency, digitalization raises the ability of governments to monitor the
bureaucracy and the public provision of goods, thus lowering the uncertainty regarding
bureaucratic costs.

For example, assume that the distribution of the cost multiplier 1/c ∼ N
(

η, σ2
η

)
is a

mean-preserving spread of the cost multiplier distribution 1/cnt ∼ N
(
η, σ2

nt
)
, associated

with the introduction of an uncertainty-reducing technology. With σ2
nt < σ2

η replacing σ2
η in

Equations (9)–(14), it turns out that government compliance and the public provision of
goods will be higher after the introduction of the new technology, with no general effect on
the consolidation choice of government. We think that whether digitalization will enhance
or reduce uncertainty depends crucially on how it is introduced in the PA and on how it
shapes organizational change.

This paper has modeled the relationship between the government and the bureau-
cracy as a compliance game under uncertainty. A further source of imperfect information
in the bureaucratic context would be given by bureaucratic effort (often considered, in
the principal agent literature, among the main sources of asymmetric information). The
different information setting deserves a quite different technical treatment with respect to
uncertainty considered here. We leave this task for future work.
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Appendix A

Derivation of Equation (6) in the main text. The government solves the following problem:

gi, gj argmax EG = E
{

α
(
Qi + Qj

)
− β

2

(
Q2

i + Q2
j

)
− γQiQj + ∑ 2

i=1(R− bi)

}
=
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α
(
EQi +EQj

)
− β

2

(
EQ2

i +EQ2
j

)
− γEQiQj + ∑ 2

i=1(R− bi)

= α
[
gihiR E

(
c−1)+ gjhjR E

(
c−1)]

− β
2

[
(gihiR)

2E
(
c−1)2

+
(

gjhjR
)2E

(
c−1)2

]
−γgihiR2gjhjE

(
c−1)(c−1)+ (1− gi)R +

(
1− gj

)
R

i, j ∈ {1, 2} and i 6= j, and where we made use of Qi = gihiR/c, with 1/c ∼ N
(

η, σ2
η

)
, and

of bi = giR. The government treats bureaucratic compliance levels hi and hj, as well as
resources R, as given.

The first-order conditions are:

∂EG
∂gi

= αhiR E
(

c−1
)
− βgi(hiR)

2 E
(

c−1
)2
− γhiR2gjhj E

(
c−1
)(

c−1
)
− R = 0.

Solving for gi and simplifying yields:

gi = −
γhj

βhi

E
(
c−1)(c−1)
E(c−1)

2 gj +
αhi E

(
c−1)− 1

β(hi)
2RE(c−1)

2 .

As long as E
(
c−1)(c−1) = E

(
c−1)E(c−1)+ Cov

(
c−1, c−1) = µ2 + Var

(
c−1) = µ2 +

σ2
η and σ2

η = E
(
c−1)2 − µ2, it follows that

E(c−1)(c−1)
E(c−1)

2 = 1. Using E
(
c−1) = η and

E
(
c−1)2

= σ2
η + µ2 yields Equation (6) in the main text.

Derivation of Equation (7) in the main text. In the decentralized regime, each bureau
i = 1, 2 solves the following program:

hi, argmax EBi = E
{(

α− βQi − γQj
)
Qi + (1− hi)giR

}
=

α EQi − βEQ2
i − γEQjQi+(1− hi)giR =

αgihiR E
(
c−1)− β(gihiR)

2E
(
c−1)2 − γgjhjR2gihiE

(
c−1)(c−1)+(1− hi)giR.

Each bureau i treats the other bureau’s compliance level hj and the government
compliance, gi and gj, as well as resources R, as given.

The first-order conditions are:

∂EBi
∂hi

= αgiR E
(

c−1
)
− 2 βhi(giR)

2 E
(

c−1
)2
− γgjhjR2gi E

(
c−1
)(

c−1
)
−giR = 0.

Solving for hi and simplifying yields:

hi = −
γgj

2βgi

[
E
(
c−1)(c−1)
E(c−1)

2

]
hj +

αE
(
c−1)− 1

2βgiRE(c−1)
2 .

Computing expectations yields Equation (7) in the main text.
Derivation of Equation (8) in the main text. In the centralized regime (equivalent to

the case of a cooperative game between bureaus), the consolidated bureau solves:

hi, hj argmax EBC = E
(

Bi + Bj
)

= αEQi − βEQ2
i − γEQiQj + αEQj − βEQ2

j − γEQjQi + (1− hi)giR +
(
1− hj

)
gjR

= αgihiR E
(
c−1)− β(gihiR)

2E
(
c−1)2 − γgihiR2gjhjE

(
c−1)(c−1)+ αgjhjR E

(
c−1)

−β
(

gjhjR
)2E

(
c−1)2 − γgjhjR2gihiE

(
c−1)(c−1)+ (1− hi)giR +

(
1− hj

)
gjR

The first-order conditions are:

∂EBC

∂hi
= αgiR E

(
c−1
)
− 2 βhi(giR)

2 E
(

c−1
)2
− 2γgjhjR2gi E

(
c−1c−1

)
− giR = 0

Rearranging and simplifying yields Equation (8).
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Derivation of Equation (16) in the main text. The government’s expected value
function is:

G = E
{

α
(
Qi + Qj

)
− β

2

(
Q2

i + Q2
j

)
− γQiQj + ∑ 2

i=1(R− bi)

}
In the symmetric equilibrium of the centralized (i.e., bureau-cooperative) regime, this

is equivalent to:
GC =2α EQC−β E(Qc)2 − γ EQCQC + 2REgC.

And similarly for the equilibrium solution in the decentralized regime:

GD = 2α EQD − β E
(

QD
)2
− γ EQDQD + 2R EgD.

Note that, by the chain rule of expectations, we can now substitute Equations (9) and (11)
and Equations (12) and (14) back into the previous equations and take the difference
GC − GD, yielding Equation (15) in the main text.
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