Incentive mechanism for a sustainable public distribution system

Sri Vanamalla Venkataraman and Faiz Hamid

Department of Industrial and Management Engineering, Indian Institute of Technology
Kanpur, Kanpur 208016, India

ABSTRACT
Efficient allocation of scarce resources through a public distribution sy

and prevailing corruption practices prevent the resources f
specifically, the rationed goods supplied by the government
bution system do not often reach the deserving citize

of corruption. Bureaucrats who are empowered witjsfdi

ficiency. Through this research we design amincentive mechanism to curtail socially
undesirable activities of the bureaucrats whil§distributing rationed goods. Such an
incentive mechanism will cater to the developfMent of a sustainable public distri-
bution system and contribute towards the gconomiic welfare of the less privileged
citizens. We show that the mechanism des Effectively reduce corruption
and lead to social optimality.

KEYWORDS
public distribution system; in echianism; information asymmetry; moral
hazard; principal-agent model: so suytainability

1. Introductio

For the sustainable opment of any nation, the government should ensure the poor
get thelr fair§hare df the resources [Brundtland (1987)]. A Public Distribution System
ent for the government to distribute basic amenities to the citizens

imensions of social sustainability, namely, health, welfare, and ethics
stakeholders; such dimensions have been identified by Mani et al. (2016).
e objective of this paper is to develop a sustainable PDS.

ry often rationed goods / essential commodities supplied by the government
thtough a PDS do not reach the deserving citizens since the bureaucrats involved
indulge in bribery to increase their utility. Hence, the government’s objective is not
realized to the fullest extent. In this paper we address the social welfare problem of
maximizing the reachability of essential resources distributed by the government to
the economically weaker citizens.
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In developing countries the government generally maintains a record of economi-
cally weaker citizens who primarily depend on the government for basic commodities
for their livelihood. The government distributes such commodities to these citizens
either free of cost or at prices well below the market-clearing level through PDS. Such
benchmark/ class of citizens is referred to as below the poverty line (BPL) by the Gov-
ernment of India. A bureaucrat is employed by the government to achieve this task of
distributing the commodities. Many times, these bureaucrats, instead of performing
their duty diligently, accept bribe to maximize their own utility. The well to do citizens
pay bribe to get these commodities as it will be still economical than buying from the
market. Since the wage of the bureaucrat is assured by the government, they tend
be risk loving.

Evidence of several irregularities and corrupt practices leading to unreachabilit
the resources distributed through the PDS to the vulnerable has been re
Mooij et al. (1999). This includes considerable profits from illegal sale%f conty
limited opening hours of the PDS shops and involvement in self enric

reaucrat. The author observes low utilization of PDS among t 0 have access
to it, i.e., purchasing less than the entitlement and purchasi om arket at a

’ hluwalia (1993)
observed leakage of commodities from PDS as high as rd of fqod grains and sugar,

(2001). Such practices are a major hindrance to a sus le PDS in developing coun-
tries and through this work we design amechanism to curtail such practices.

Be it a developing or developed count® the government requires an efficient PDS
to achieve its objectives towards social welie. Unlike developing countries where the
motive is to distribute only scarce reso & he poor, in developed countries the
government may desire to maximi mider of adopters of public interest goods,
such as vaccines, products with le§s £arbdn emission, for social welfare. For example,
the adoption of electric vehigles in"@alifornia [Demirci and Erkip (2017)]. However,
our study focuses on PDS in d&gloping countries to distribute essential commodities.

serve basis throug at's who accept bribes. The author established that “if the
rationed good an i e are substitutes and bribery is present, the govern-
ment should gtri ce anti-corruption statutes in the bureaucracy and supervise
bureaucrats strongly to reduce the scope of bribery in such situations”. He also argued
that if the®a good and other income are substitutes or complements with the
government chhrging a price below a particular threshold, then distributing the good
i optimal. Bardhan (1997) observed the inability of governments to reach
rough subsidies in the presence of bribery. Justesen and Bjgrnskov (2014)

in\the African context. Data from 18 African countries reveal poor people are three
tirfies (on average) more likely to pay bribes to government bureaucrats compared to
wealthier people as the latter have viable exit options.

Contrasts in economists’ versus non-economists’ approach towards fighting corrup-
tion can be seen in Bardhan (2006). The author explains that non-economists adopt so-
cial movement or moral reform, whereas economists concentrate on incentive systems.
Incentive mechanisms have been commonly applied by economists to improve worker
productivity and morale [Klein (1965), Eilon (1966), Sander and Williams (2005)].
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Incentives from employers such as promotion and bonuses encourage employee loyalty
[Akerlof (1984), Malcomson (1984), Solow (1979)]. Abbink (2000) and van Veldhuizen
(2013) find evidence from laboratory experiments that poorly paid public officials are
less hesitant to accept bribes. An and Kweon (2017) quantify the marginal contri-
bution of wages towards decrease in corruption. Gans-Morse et al. (2018) advocate
the necessity of adequate wages to civil servants to control corruption. They examine
seven categories of policies for controlling corruption such as monitoring, rewards, and
penalties. Borcan, Lindahl, and Mitrut (2014) and Banuri and Eckel (2015) find crack-
down to be ineffective in the long run to control corrupt behavior. Our study adopts a

economist’s approach to design an incentive mechanism to reduce the scope of bribéry
in a PDS by rewarding those who strive to achieve the government’s objective of SoGal

welfare.
From the review of the literature it is evident that most of the®resear
lyze different policies to control corruption. To the best of our knowle ¢ 10
h @

study where a mechanism has been designed to prevent corruption j ronment
where bribery prevails. This research is the first of its kind to ution to
the aforementioned problem using a quantitative approach. T

ing countries in which bribery is prevalent an
the BPL.

2. Problem Formulation
The proposed model is based on t he government has the latest record of

citizens in the BPL category suc
supplies goods to the citizenQu'the WP L dategory verifies their identity and receives an
acknowledgment duly attes em against their respective ration card numbers
he ds. Hence, we see that although the effort taken
le, the outcome of his effort is verifiable. This situation
leads to informati y in the form of moral hazard which arises typically in
a principal-agent here the effort taken by the agent (appointed by the
principal) to e rtictilar task cannot be verified [Macho-Stadler and Pérez-
Castrillo (2001)]. We develop our model under this framework where the principal
desires apply a specific level of effort which is not verifiable. Here the
governtfent plays the role of principal, bureaucrat being the agent.

government allocates ) quantity of good for people in the BPL category
es that the distributed quantity in the absence of bribery lie in the range
() — q2| for some ¢, go where 0 < g3 < ¢1 < Q. It will be socially optimal if the
agent distributes the goods in this desired range. The government anticipates three
types of effort levels applied by the bureaucrat. The high level of effort H, desired by
the government, is the one in which the bureaucrat supplies the desired quantity of
good [Q — q1,@Q — go] to the BPL category, without bothering about his own interest.
Distribution of good below ) — ¢; indicates indulgence of the bureaucrat in some
other activities to maximize his own welfare. This is represented by the undesired
level of effort Lj. On the other hand, the quantity of the good distributed higher than
Q@ — q2 indicates selling of the good to people above the BPL category. Since it can be
assumed that people above the BPL have paid bribe to buy these goods at a cheaper

by the bureaucrat is ngh




Venkataraman, S. V., & Hamid, F. (2021). Incentive mechanism for a sustainable public
distribution system. Journal of Modelling in Management, 16(3), 848-860.

rate than the market, the distribution of goods beyond the estimated range indicates
the bureaucrat has received bribe. Let Lo denote this undesired effort level which is
considered far more deviating from social optimality than L;. While effort level Lo
refers to the corrupt behavior of bureaucrat, effort level L; hampers timely delivery
of essentials to the needy.

To counter the bureaucrat’s behavior of deviating from socially optimality, the gov-
ernment (principal) designs the following incentive mechanism - wy to be the wage
for the bureaucrat (agent) if he exerts effort level H, wy, for effort level Ly and wp,
for effort level Lo. To penalize the undesired effort levels, the wages should satis
wy > wr, and wy > wyr,. By designing such a wage structure the government, ¢an
enthuse the bureaucrat to apply the desired effort level H to achieve the foll
objectives — (i) maximize the distribution to the BPL category, (ii) timely, Iy
and (iii) minimize bribery. e

Table 1. Notations /-\ 5
Q quantity of good allocated for people in BPL cate%
crat

Q—aq1,Q — q2] estimated range of quantity of good distribute L pgbple

q actual quantity of good distributed by the b

f(q) utility to the government (in termggf mo by distributing ¢
units of good

Ly low level of effort taken by the bureaducrafwhere quantity of good dis-

tributed is less than @ — ¢

H high/ socially optimal level of e n by the bureaucrat where the
quantity of good distributed is in the e [Q—q1,Q — ¢

Lo low level of effort tal@m by the bureaucrat corresponding where the quan-

tity of good distributed§is more than @ — g
wr, wage designed for the/buaucrat for effort level L
wy wage designed for th@ bureaWewat for effort level H
wr, _
Pyt
py
pqL2 ah proBability that the bureaucrat applied effort level Lo when
oy of good distributed is ¢
U gxpected utility for the bureaucrat to participate in the mech-
1S
P exterhal sglirce of income the bureaucrat can achieve by applying effort
L,
b amount of bribe received by the bureaucrat for distributing per unit of
n good to people who are above the BPL category

e Mms used in the paper are summarized in Table 1. The values p(’;l, pé{ ,

CUS/ b and @ being the parameters of the problem are considered to be common
owledge. We assume that the principal who designs the contract desires to maximize
higexpected utility which increases with the quantity of good distributed and decreases
with the wages paid to the agent. Further, we assume that the principal is risk-neutral
and the agent is risk-loving. Hence it is valid to assume that the monetary value,
f(q) of distributing ¢ units of the good for the government is ¢, i.e., f(q) = q. While
traditional models assume the agent to be risk averse, we assume the agent is risk-
loving primarily due to the fact that agent by nature of his position as a government
employee is already assured of his income and position. This generates scope for moral
hazard to occur.
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Convex functions model risk loving nature of players in a given situation (Mas-Colell
et al., 1995). In this study we consider the convex function w? to be appropriate to
the problem setting since these incentives are perceived as awards or recognitions by
the agents for excellence in service. Thus the incentives described in the model do not
imply the conventional salary. The agent will associate a utility of w? for a wage of w.

Evidence about the existence of risk-loving agents exists in literature. Kahneman
and Lovallo (1993) explain two exceptions to risk aversion — (i) many people are willing
to pay more for lottery tickets than their expected values, and (ii) studies of individual
choice have shown that managers are risk seeking in the domain of losses. Shleifer an
Vishny (1993) in their model to describe corruption assume that the good is sold (for
the government by an official who has the opportunity to restrict the quantity e
good that is sold. The authors describe that corrupt officials go unpunishe
their bosses often share the proceeds. Moreover, public pressure to®&top
in most countries is weak. Chakravarty et al. (2011) find that there is

reduction in risk aversion is relative to his or her preferences an
his or her belief about the preference of others. This result has gi

Q—q1—1
.. H
AN ; Py (4= wr)+ _Z
subject to
Q
nt o >, plwi,>U (2)
=Q—q2+1
—Qq2 Q
plwir+ > plui, >
=Q—q =Q—q2+1
Q—q Q
+ Z pélw%}—i- Z pglwiz—i-P (3)
=Q—q1 q=Q—q2+1
Q—q2 Q
+ D pfwh+ Y pfwi>
=Q—q1 =Q—q2+1
Q Q—a: Q
O opbwi + > plwk+ > pl(wi, b)) (4)
q=1 =Q—q q=Q—g2+1

W, Wi, Wwr, > 0

The’ principal maximizes his objective subject to the participation and incentive com-
patibility constraints of the agent. The principal’s expected utility is his expected
difference between the quantity distributed and the respective wage paid, given by
(1). The agent will participate in the mechanism if his expected utility in participat-
ing in the mechanism is at least as high as that which can be achieved through outside
means. For a bureaucrat with high effort level, to participate in the mechanism, the
expected utility through participation given by LHS of (2) must be at least as high as
his minimum requirement of U. Hence the participation constraint (2). The incentive
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compatibility constraint implies that the utility achieved in exerting a high effort is at
least as high as that achieved by exerting a low effort. The effort level of L; provides
the bureaucrat with an additional income of P while effort level of Lo provides an
additional income of Z?:Q— Gt1 pqL2 bg. Hence the incentive compatibility constraints
corresponding to the two low levels of effort L; and Lo are (3) and (4) respectively.
The principal then evaluates the values of the wages wr,,wg, and wr, under which

the agent is incentivized to choose high effort level.

3. Model Solution

Let aff ZQ e 1pf, ZQ g2 Lo pq and - pH S
define o1, BLl, vE, otz gle and ’yLz Thus, a’, ﬁH and fyL? deno
probablhty to reflect the actual effort levels Ly, H, Lo respectively, 4p
agent.

To solve the above optimization problem we set up Lagran as Yollows and
associate multipliers A, 1 and pg with constraints (2) ively.

’ w + w%z—U]
wi, — Pl + pafawi,

+8HwY + yHw? — al2w? — vl (w? + bg)] (5)

Lemma 1. At optimality the participatz g constraint (2) of the agent is satisfied with
equality.

Proof. The first order conditions o
0. This gives

( 1+ 2)\le % Uowr,, ) = 2aL1'u1wL1 + 2012 Hawr,, (6)
BH (=1 + 2 + 2uowp) = 2BM pwp + 287 powp (7)
YH (—1 4 2047 L, + 2uowr,) = 291 pwy, + 2y ppwy, (8)

Dividing (6), (7 (8)\by W, , wr and wy, respectively and then adding them we

get
H H H
o B
- - - + A+ p1 A+ pe = pr A+ pe
2wL1 QwH Qsz

gyl =1, ot + g 44" =1 and o’ + L2 4 42 = 1. Therefore,

OéH BH ,YH

2wy, 2wy 2w,

A=

>0 9)
since o, B, ~H > 0 and wr,, WH, wr, > 0. Now A > 0 implies the corresponding
constraint binds. O

Lemma 2. At optimality the incentive constraints (3) and (4) of the agent are satisfied
with equality.
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Proof. Dividing (6), (7) and (8) by wr,, wy and wr, respectively, we get

1 al alz
= A 1-— 11— —
27~UL1 +M1[ aH]+N2[ OzH]
1 Bl gl
= Atml- 1-2_
1 " vt
= A\ 1— 11~

2ur, +N1[ ,YH]+N2[ 'YH]

otherwise, wy, = wy = wy, and constraints (3) and (4) will be viplated

observe that:
(1) p1 = 0 and pg > 0 cannot occur simultaneously. Otherwise, N (since

B2 < pH and y%2 > ") which contradicts the incentive dgs
(2) w1 > 0 and pe = 0 cannot occur simultaneously. This gan be ed using a

similar argument as in 1.
ns%( and (4) bind at
O

_ CKL2")/L1> + ’)/H(OdLlﬁLQ _
imal solution (le,w%I,w%Q) which satisfies

Hence, 1 > 0 and po > 0 implying the incentive
optimality.

Proposition 1. If a!f(gliyle — pleyle) — gH (g
al2Blr) £ 0, there exists a unique og
constraints (2), (3) and (4) with equalit

constraints (2), (3) and (4) hold with
¢ solution (w%l,w%{,wiz), provided the

Proof. From Lemmas 1 and 2, we kng
equality at optimality. This genera

determinant of the coefficients of /wi; and wi (given by the above condition) is
non-zero. O
Under the conditions=ef PMpogition 1 we infer that a closed form solution

2 2

(w},, wi, wi,) can be g by solving constraints (2), (3) and (4) as simultaneous

equations.

@

The prihcipal colisiders [Q — g1, @ — g2] to be the desired quantity of the good to be
istribufed, whereas distribution below or above this range is considered undesirable.
1 corresponds to an effort level often leading to the good being distributed in
[1,Q — q1 — 1], the probability will be highest for such an outcome to be
lized when an effort of L is exerted. Moreover, for the effort level L1, the outcome
e range [@Q — q1,Q — g2] will be realized with a higher probability than in the
range [Q — q2 + 1,Q]. Thus, a reasonable assumption can be taken as a’* > 0.5,
gl =3(1 — a™)/4 and v = (1 — o) /4. Using a similar argument it is assumed
that v/ > 0.5, 2 = 3(1—~12)/4 and o> = (1 —~%2)/4. Effort level H often leads to
good distributed in the range [@ — g1, @ — ¢2], and therefore the probability will be the
highest for this outcome to be realized when an effort level of H is exerted. Further,
we observe that realizing outcomes in the ranges [1,Q —¢; — 1] and [Q — q1,Q — ¢2] is
low for such an effort level. Hence, we assume that 87 > 0.5, ol =+ = (1 - ) /2.

4. Model (Analy,
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Further, we assume the maximum probability to reflect the actual effort levels Ly, H,
Ly respectively applied by the agent are all equal, i.e., o™ = 7 = vf2 = [ (say).
Note that from pervious discussion k& > 0.5. Therefore, we establish our propositions
under the assumptions: o™ = 7 = ~vf2 = |k > 0.5, off =+ = (1 - k)/2, gl =
Bl = 3(1— k) /4, /2 = als = (1 — k)/4.

From Proposition 1, we immediately observe that the closed form solution of the
required model can be determined as below.

o (Tk—3){U(1 —5k) + 2(1 — k)(P — B)} — 4k{2P(1 — 3k) — B(1 — k)}

WL = “35k2 + 22k — 3 (

2 2(1 — k)(1 = 5k)(P + B) — U{4(1 — 3k)? — (1 — k)?} )
YH = —35k2 + 22k — 3
o2 (7Tk — 3){U(1 — 5k) + 2(1 — k)(B — P)} — 4k{2B(1 — 3k) ® P(1 2

L —35k2 + 22k — 3

Q
where B = Z pqL2 bq.
q=Q—g>+1

Proposition 2. w%l monotonically increases with o™\ inYY.5,1,
Proof. From (10), w; — U —10P/3 — 2B/3 0.5, and wj — U — P as
k — 1.0, hence the result. ]

Proposition 3. wi monotonically incréases with v in [0.5,1.0].

Proof. From (12), w} — U — 10B/ as k — 0.5, and w} — U — B as
k — 1.0. This establishes the prop O
Proposition 4. w? monodggitall@decrdases with BT in [0.5,1.0].

+ B) as k — 0.5, and w?% — U as k — 1.0. This
O

Proof. From (11), w%
establishes the propositi

The nature of the“@ist on of the wages wr,, wg, wr, as a function of k (ex-
plained by Propo - M js depicted in Figure 1. The utility of wages, w%l and
w%z, are incrfasthg Wil w%l decreases with k in order to achieve expected utility of
at least U. H@wever) it may be observed that participation of the players is ex-interim
i rticipate if their expected utility is at least as high as their reser-

-post individual rational constraint need not be satisfied, i.e. after the
izatio he outcome the utility received by an agent need not be at least as high

We next describe the relationship among the wages wr,, wy and wy, evaluated
the incentive mechanism.

Proposition 5. For ol = pi = 2 = k € [0.5,1.0], w? > w%l and w¥ > wi.
Further w%l > w%z if B> P.

Proof. The relation follows from equations (10), (11) and (12) by evaluating w7 , w}
and w%z when k£ — 0.5 and k — 1.0. O
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The scope of this study is limited to the conditions specified in Proposition 5. It is
easy to observe from the above proposition that the agent applying effort H is better
incentivized than the others. The model penalizes the agent applying effort Lo by
offering the least wage.

Numerical illustration of the above propositions is provided in Table 2. The model
parameters (), g1 and g9 are set to 100, 50 and 90 respectively, whereas P, U and
b are varied. It is easy to observe that w? > w%l > w%z for all cases. Let 0, =
(wg —wp,)/wg x 100 and 07, = (wg —wr,)/wy % 100 denote the percentage decrease
in the wage from wy for agents applying effort levels Ly and Ly respectively. Valu
of 1, and 0, from computational results indicate that the model disincentivizeg the
agent adopting effort level L.

Table 2. Numerical illustration P
B alt =g =L ‘ wr, Wg WL, ‘ 0, 0
U = 2500, P =500, b =12 A
573.0 0.5 21.2 68.2 16.0 | 68.8
687.6 0.6 38.7 574 335 1 .
(a) 802.2 0.7 42.2 54.0 36.0
916.8 0.8 43.7 52 36
1031.4 0.9 444 509 369 )
1146.0 1.0 447 50.0\ 353
U = 3000, P 00, b :\12
573.0 0.5 30.8 7.5 | 57.0 61.7
687.6 0.6 44.7 61. 31274 345
(b) 802.2 0.7 478 584 424 | 18.2 274
916.8 0.8 49.1 56.7 43.0 | 13.5 24.2
1031.4 0.9 9.7 55.6 43.1 | 10.7 224
1146.0 1.0 54.8 43.1 | 87 214
U —

P =500,6=14
298 731 209592 713
447 62.2 374|281 39.9
47.9 588 39.9 | 18.6 32.1
49.1 56.9 40.7 | 13.7 28.6
49.7 55.7 409 | 10.7 26.7
50.0 54.8 408 | 8.7 255

P =580, 6 = 12
262 728 265 | 641 63.6
42,9 62.0 40.3 | 30.8 35.0
46.5 58.6 425 | 20.7 27.6
48.0 56.8 43.1 | 15.6 24.2
48.8 557 432|124 224
49.2 548 431|102 214

4.1. Some Observations

(1) When the minimum expected utility U increases, keeping all other parameters
fixed, the marginal increase in wy is smaller than that of wr, and wy, (Table 2,
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effort level H has already b
U should only improvye the
ensure participation.
(2) When the source of incofye through bribery B increases, all other parameters
fcreddgs tO™incentivize high level of effort and wy, decreases
significantly to d % ize the agent from receiving bribe (cases (b) and (d)).
A similar p en@m-eccurs when P increases and wy,, decreases significantly.
(3) For equal p tade ilfgease in B or P, the decrease in wy, is more significant
than that @f indicdting that the model penalizes the agent receiving bribe
more s@yerely) For example (referring to cases (b), (d) and (e) in Table 2), for
ag/in®re 16% in P (from 500 to 580), w%l decreases by 15% (from 30.8 to
2082). O1 the other hand, for an increase of 16.7% in B (from 573.0 to 668.5), w%z
dec s by 24% (from 27.5 to 20.9). Our model is designed with the assumption
effort level Lo is worse than Lq, hence this observation.
If The type of effort of the agent can be determined with certainty, the variation
in the wages is minimal. This can be verified from Figure 1 (all cases) that as
k — 1.0, the wages are close to each other.

The sensitivity analysis and the above observations indicate that incentives are
directed towards effort H and not towards Lq or Ls. This is in line with the principle
of our model framework.

10
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5. Implications of our Study

According to a study by World Bank (2019), 800 million citizens in India are covered
through half a million fair price shops (FPS). Logistic challenges (such as long waiting
lines, etc.) in the distribution of essential commodities through PDS shall often prevail.
With corrupt practices prevalent, it will make the reachability to the needy all the
more difficult. This is evident from the fact that only three out of ten of India’s
poorest households bought grains from FPS in 2005 [World Bank (2019)]. Hence there
is a dire need to eliminate corrupt practices in the distribution system. The incentiv,
mechanism designed through this research shall deter the corrupt bureaucrats
receiving bribes as it incentivizes only those who apply effort towards social we
We strongly believe that more of the vulnerable class shall benefit if the is
is in place. ®

In situations of crisis, such as the pandemic caused by Covid-19, mosfgf t dy
class are deprived of the opportunity to earn their livelihood and d d oythe PDS
as the only source of sustenance. To ensure reachability of esse dities to
the needy at the right time an incentive mechanism such as t ne develdped in this
study should be a guiding principle for the governme can be adjusted to

design incentives with w?{ > w%Q > w%l for timely 1al commodities.
This can be achieved through the condition P > B as el ig symmetric to effort
level L1 and Lo (refer equations (10) and (1 aptabBle to the government’s

priority.

6. Conclusion

This research focussed on the desiemyg centive mechanism to curtail bribery
prevalent in a PDS as a step towsu tainability. The model is set in a principal-
agent framework and studie a pigblem of moral hazard. The mechanism designed
through this study sufficientlyNgendlizes the agent who receives bribe, whereas incen-
tivizes him if the desireg ort is applied to attain social optimality. Most
researchers have analy® rent kinds of corruption, reasons and the evidence of
existence and its . This paper differs in its attempt to develop an in-
centive mechanis preveRp hureaucratic corruption. The developed model may be
extended fur tOgtudy sitvations where the government’s monetary value towards
the distribution of gpods assumes a more general linear form. It will also be interesting
to stud hanism by parameterizing the risk preference of the agent.
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