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I. Implementation of sustainability assessments in total-cost auctions in practice

Through our discussions with our industry partner EcoVadis (a leading supplier sustainability assess-
ment firm) we learned that their clients (buyer firms) use a total cost of ownership approach to sustainable
procurement when selecting a supplier. Our paper is motivated by this observation. We have followed Eco-
Vadis’s operations closely over the years and had many interactions (in fact, one of the authors is on their
scientific advisory board). Thanks to these interactions, our paper closely reflects the industry practice, and
provides a rather accurate modeling of the procurement process at EcoVadis’s client firms (buyers).

Supplier sustainability assessments require deep domain expertise. EcoVadis employs technical analysts
to provide supplier sustainability ratings to buyer firms of 150 commodities by collecting information from
more than 300 qualified sources, and evaluating 21 corporate social responsibility criteria including water,
biodiversity, local pollution levels, chemicals & waste, product use, product end of life, customer health
and safety, second-tier supplier evaluations, and so on (EcoVadis(a) 2018). After the assessment process,
EcoVadis assigns a sustainability rating to the supplier (a score out of 100). In many cases, the suppliers
themselves lack the technical capability, in-house expertise, and information needed to assess and quantify
their rating. Hence, unlike many other supplier quality dimensions, without proper assessments the sustain-
ability ratings are unobservable to any party to start with. Furthermore, in contrast to many other quality
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dimensions that the suppliers can adjust in order to win a buyer’s business, they cannot change their sustain-
ability ratings in the buyer’s imminent contract term. Being unobservable to any party without assessments
and its rigid nature renders sustainability non-biddable. This is one of the reasons why supplier sustain-
ability is different from biddable supplier quality dimensions, and requires further attention in the context
of a competitive-bid process.

EcoVadis reports that their clients (buyer firms) use a weighted total-cost ranking approach in their pro-
curement auctions (which is in line with ISO20400 Sustainable Procurement Guidance, ISO (2017), see
page 26) by converting sustainability ratings into unsustainability cost markup terms (by using a cost-
multiplier) which are then added on to the price bids of the respective suppliers:

“The sustainability rating of suppliers can be integrated into different procurement processes. As it is

a score out of 100, it makes it easy for procurement professionals to use as an objective, quantifiable

metric. For example, in a RFP/tender; it can be used as a weighted percentage of the overall award

decision.” EcoVadis(b) (2018)

Various United Nations sustainable procurement resources document a similar approach to supplier selec-
tion:

“The evaluation process must provide a fair, transparent and accountable method for assessing sup-

plier bids on the basis of balancing cost with sustainability and other non-financial factors.” UN

(2017)

“The evaluation and contracting stage makes use of the standard evaluation methods, however, it
should place specific emphasis on use of weighted and ranked criteria incorporating the specific per-

formance criteria and specifications that address sustainable procurement factors.” UN (2017)

“The total points assigned for sustainability criteria have to be weighed against other possible criteria
and price. For an ambitious approach to sustainability, it is recommended that sustainability criteria
account for 20% of the weight compared to price.” UNEP (2011)

The weighted total-cost ranking approach described above is called a “Total-Cost Auction” in the pro-

curement auction literature. As evidenced above, if they choose to make a more informed supplier selection
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decision taking into account the supplier sustainability levels and the associated cost of ownership, the
buyer firms need to first use costly supplier assessments to evaluate the cost markups. To summarize, in
practice (also as modeled in our paper), the sequence of events linking supplier sustainability assessments
with total-cost auctions is as follows:
1. Buyer firm provides a list of suppliers to assess to Ecovadis.
2. EcoVadis conducts sustainability assessments on all supplier on the buyer’s list, and evaluates the
sustainability ratings.
3. Buyer uses Ecovadis’ assessments to create an additive bid markup for each supplier.
4. Buyer holds a total-cost auction in a format of her choice. Ecovadis reports that the buyers often use
sealed-bid or open-bid formats, which is in line with Beall et al. (2003) which shows these are the two
most common formats.

Further details on EcoVadis can be found at www.ecovadis.com.

I1. Sealed and open-bid formats

In the sealed-bid format, suppliers submit their best and final bid only once. The buyer adds the cost
markups (if using assessments, mean cost markup if not) to the price bids to create the total-cost scores.
Suppliers cannot observe their competitors’ bids or the cost markups, and use their prior beliefs on others’
total-costs in structuring their own bids. Where needed to avoid confusion, we refer to a random variable
associated with a realized value by using a capital letter. As given in Kostamis et al. (2009), bidding with

cost markups in a sealed-bid auction takes the form of a symmetric, first-price reverse auction such that

S0 =Ta ()N ~tdt
(1-Tqa(ci+6;))N 1

supplier ’s bid p! given §;, is p!® = ¢; + , where T', is the total cost distribution

S ) =T

O e =T where I is the total

with assessments. Without assessments, supplier ¢ bids p; = ¢; +

cost distribution without assessments. The expected assessment value under sealed-bid auction is EAVg =
Ep[min{piy + pa, co}] = By amin{(p + A)ix, co}].

In the open-bid format, suppliers bid their prices, and the buyer converts them to total-cost scores (with
cost markups added on top of price bids if using assessments, mean cost markup if not). Since the auction

is open, the suppliers can observe each others’ total-cost scores and can repeatedly lower their bids with
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this information. Suppliers stay in the open-bid auction until winning or reaching their production cost.
The auction ends when there is only one supplier left, and this remaining supplier wins the auction. With
independent production costs and cost markups, as in our setting, it is a weakly dominant strategy for
suppliers to bid down to their true production costs before dropping out (see for example, Kostamis et al.
(2009) and Krishna (2010)). Then, the buyer’s expected total cost is the second-lowest total cost or the
outside option, whichever is smaller. The expected assessment value under the open-bid auction is EAV, =

E.[min{Cs.n + tin,c0}] — Ec a[min{(C + A)a.n, co }].

IT1. Limiting the number of assessments on an ex ante asymmetric supply base

We now consider the possibility that the buyer faces an ex ante asymmetric supply base. This asymmetry
may be due to directly observable characteristics (e.g., having suppliers in two different countries with dif-
ferent sustainability legislations), or may be easily identifiable by the buyer using a Request for Information
stage ! (e.g., suppliers with and without waste water treatment facilities).

Facing two ex ante asymmetric supplier pools, the buyer can then use a costly assessment to learn more
(e.g., how effective the supplier’s water treatment actually is). As we will see below, observing the asym-
metry across the two supplier pools, the buyer can fine-tune her assessment policy to strategically limit the
total number of suppliers to assess (and hence the assessment cost).

We define supplier categories 7 = A and 7 = B to reflect the asymmetry between two groups of suppliers
A and B, respectively (e.g., suppliers which have waste water treatment facilities and those which do not).

Supplier i’s production cost has two additive components ¢(7;) + €. Random variable € follows cumulative

G(€f)

distribution function G, satisfying the standard regularity condition that € + . ((é)

is strictly increasing.
The structural form of ¢(-) which maps the supplier category to a deterministic, non-negative, and additive
production cost term is publicly known, but both €{ and his category 7; is supplier ¢’s private information.
Similarly, the cost markup associated with supplier i is comprised of two terms: A(7;) + €2. Supplier
categories and the structural form of A(-) (which is deterministic and non-negative) is publicly known.

!'See the Online Supplement Part IV below for a formal model of a procurement process with a Request for Information stage that

results in a setting with ex ante asymmetric suppliers like the one in this subsection.



Aral, Beil, Van Wassenhove: Online Supplement for Supplier Sustainability Assessments in Total-Cost Auctions

Neither the buyer nor the supplier can readily observe €2 without assessments (this is because, as explained
in §1 of the main text, the suppliers cannot quantify the precise cost markups). €2 is a random variable
symmetrically distributed around its finite mean A with cumulative distribution function F'. We denote by
A the deterministic base-cost (i.e., ¢(7;) + A(7;)) for supplier 4.

To summarize, both the buyer and the supplier ¢ observe 7; (e.g., whether the supplier he has a waste
water treatment facility or not), and supplier ¢ privately knows its additional production cost term €{. But
assessments are needed to observe € (e.g., how effective the waste water treatment facility actually is at
protecting sensitive downstream wetlands).

We define EAV(M 4, Mp) as the expected assessment value when the buyer assesses M4 € {0, N4}
category-A and Mp € {0, Np} category-B suppliers, respectively. Let category-A denote the supply base
with the lower total base-cost, i.e., ¢(A4) + A(A) < ¢(B) + A(B). Proposition 5 characterizes the buyer’s
optimal assessment policy.

PROPOSITION 5. The buyer assesses a category-B supplier only if she also assesses all category-A sup-
pliers. The buyer’s optimal supplier assessment policy is as follows: Assess none if EAV(1,0) < K(1),
assess all if EAV(N 4, Ng) > K(N4 + Ng). Otherwise, if EAV(N4,0) < K(N,), assess M* category-A
suppliers where M* is the lowest integer such that EAV(M*+1,0)— EAV(M*,0) < K(M*+1)— K(M*).
IfEAV(N 4,0) > K(N,), assess all category-A suppliers and M* — N 4 category-B suppliers where M* is
the lowest integer such that EAV(N 4, M* — Ny +1)— EAV(N s, M* — N,) < K(M*+1) — K(M*).

Facing two ex-ante asymmetrical supplier pools (e.g., with and without waste water treatment facilities, or
in two different countries with different sustainability legislations), a procurement manager may intuitively
think that she should use supplier assessments on the supplier pool with higher average cost markups (e.g.,
in the less sustainable pool). But, Proposition 5 shows that when deciding on which additional supplier to
assess, the buyer should prioritize the supplier category with the lower total base-cost which may indeed
be the supplier pool with lower average cost markups. Hence, the buyers can account for any ex ante

asymmetries across suppliers, and adjust their assessment policy accordingly.

IV. Using an RFI prior to assessments
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In Part IIT above we analyze a setting where the buyer faces an ex ante asymmetric supply base. When
this asymmetry exists but may not be directly observable, buyers, in many practical real-life settings, request
credible, certified, and documented information from suppliers during a Request for Information (RFI) stage
(prior to the auction and the assessment step). For example, in the sustainable procurement context, buyers
may request information on suppliers’ production technologies which are linked to the sustainability levels.
Suppliers report the relevant information (e.g., certified/credible information on the existence of a water
treatment facility if they have one, or simply the lack of it) in response to the buyer’s RFI in order to be able
to bid in the subsequent auction process.

In the RFI stage the buyer requests credible/certified information on 7; which she can also verify with
assessments.” Observing the supplier categories, the buyer then decides whether to use the supplier assess-
ments. Finally, the buyer runs an optimal total-cost procurement auction. Hence, the timeline with an RFI
is as follows:

1. For each supplier ¢, nature chooses 7;, the supplier’s category, and reveals it to the supplier. Nature also
chooses € and €5, and reveals €¢ to supplier 7, while neither party can observe 2 without supplier i
undergoing an assessment.

2. Each supplier ¢ truthfully reports to the buyer his category 7; during the RFI stage.

3. The buyer conducts assessments (if any) in order to further assess the suppliers (to learn the eiA’s).

% Assessments allow the buyer to verify the supplier’s category 74, and this has an important implication for a powerful principal,
like the buyer we study in this paper. It gives the buyer the ability to ex post verify information that she could ask a supplier ¢ to
divulge, namely 7;. This can be used to induce suppliers to truthfully report their categories. The logic behind this is simple: If
the principal (the buyer) discovers the agent (the supplier) has misrepresented his category, the principal will severely punish the
agent (e.g., commit to never do business with the supplier again or badly damage the supplier’s reputation by widely revealing
their misrepresentation). A summary on an agent’s incentives for truthful disclosure of ex post verifiable information under the
possibility of random assessments and sanctions in a principle-agent setting can be found in Laffont and Martimort (2009) (pg.
125), tracing back to the seminal paper Becker (1968). Since our powerful buyer can ensure truthful category revelation via random
assessments carried out with vanishingly small probability, for the rest of this subsection we will ignore these random assessments,
we assume that suppliers truthfully report their categories to the buyer, and from here onwards an “assessment” refers to further

evaluations on the total cost of ownership given knowledge of the supplier categories.
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4. The buyer runs an optimal total-cost procurement auction.

It is worth noting that if the supplier categories are dependent on exogenously observable characteristics
(e.g., geographical location, past sustainability failures, etc.) the buyer can readily identify each supplier’s
category. In this case, Step 2 can be ignored.

After the suppliers disclose their categories, the buyer views the suppliers as ex ante asymmetric, as
they are in either category A or B. Then, the above results from Part III, where the buyer faces an ex ante

asymmetric supplier base, directly apply.

V. Learning the cost multiplier

In practice, once the buyer collects information from supplier assessments, she needs to translate this
information into a cost markup. For example, as we learned from discussions with a third-party supplier
sustainability assessment firm, the assessment firm provides the buyer with sustainability ratings for each
of their potential suppliers on a scale out of 100. The buyer knows that a rating of 90 is better than a rating
of 60, but she may be uncertain exactly how much better (in dollar terms). Consequently, an important
question for the buyer is what multiplier she should apply to the supplier ratings when comparing suppliers
based on total cost.

Like the issue of needing to do costly supplier assessments to gather data studied in the base model, how
the buyer uses supplier assessments in forming total cost comparisons in dollar terms is a very practical
challenge in supplier selection. Building off our base model, below we provide (to our knowledge) the first
model and analysis to address this. We uncover non-monotonicities with respect to underlying business
environment that echo what we saw in §4 (e.g., sensitivity with respect to the outside option cost), and
also explain why some sensitivities are different than in §4 (e.g., sensitivity with respect to underlying cost
distributions).

Here, we augment our base model to capture the buyer’s uncertainty on how precisely to map the assess-
ment results to a cost markup. This mapping should capture the buyer’s level of cost sensitivity to the
assessed attribute (e.g., buyer’s cost sensitivity to supplier sustainability issues) — on which buyer firms
may lack information (and which the buyer firms can choose to inform through market research, consumer

surveys, internal surveys etc.).
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To model this, we assume that the buyer does not know the value of the cost multiplier, however she
knows that the cost multiplier © is continuously distributed with commonly known cumulative distribution
function P (and probability density function p) over the finite interval [O ), O,)] with mean g (also,
multiplier © and the cost markup A are independent). This multiplier reflects the buyer’s underlying cost
sensitivity to non-biddable supplier attributes, and can be thought of as a weighting rule which converts the
non-biddable attributes into cost markup terms. The buyer has the option to learn about the cost multiplier
(through consumer surveys, market research, etc.) prior to the assessment stage after which she will observe
the assessment results of all suppliers. Here, in order to focus on the effect of learning the multiplier, we
assume that the buyer will assess all suppliers as in our base model. As before, we denote by F' and G
(with supports [Aqy, Ay and [J), J(w)]) the cost markup and the virtual production cost distributions,
respectively.

If the buyer chooses to learn the cost multiplier ©, she assigns © - §; as the cost markup to supplier . If
the buyer chooses not to learn the cost multiplier, it can be easily shown that (by appropriately modifying
the proof of Lemma 1), the buyer should assign ue - §; as the cost markup to supplier <.

We define the expected value of information on © as follows: EVI £ Ea smin{pueAi+J1, ..., peAx +
In,co} —Ea jemn{OA;+.J,...,0A N+ Jy,co}]. Let us now denote by H the distribution of g A+
J, and by H, the distribution of ©A + J.

Akin to Proposition 1, Proposition 6 shows that EVI is always positive, and establishes the non-
monotonicity of EVI as the outside option increases.

PROPOSITION 6. EVI is positive for all distributions F, G, and P defined on non-negative intervals.
Furthermore, there exists a x1,x2 € Rt such that EVI increases in ¢, for ¢y < x1, and EVI decreases in
co for x1 < cq < x4y, and EVI is constant for cy > 9. 1 is precisely where H and H, cross, and xo =
O A + Ja-

Thus far we have seen that the expected value of information on the cost multiplier (EVI) behaves very
similarly to the expected assessment value (EAV). However, below in Proposition 7, we observe that the

behavior of EVI can significantly differ from EAV in a sensitivity analysis. In §4 we saw that, in the absence
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of the outside option, EAV behaves monotonically as we scale up the cost markups. This means that scaling
up the cost markups can only make the buyer value the assessments more. However, the same is not true
when it comes to learning the cost multiplier. We show below in Proposition 7, among other results, that
increasing the magnitude of the cost markups can actually decrease the value of acquiring information about
the cost multiplier.

To illustrate this, we consider the case where the buyer does not have an outside option, and for simplicity
use normal distributions for A and J (A ~ Normal(pua,03), and J ~ Normal(p 7, 0%)). We examine the
behavior of the following: EVI' £ E|(je - A+ J)1.x] — E[(© - A+ J)1.n].

Proposition 7 first shows that when oo = oy = o, EVI' is monotone increasing in o. Hence, EVI' increases
with oa and o; when they are exactly comparable in size. Now, consider multiplying A by a positive
constant . Intuitively, one might expect that as 7y increases, yo A increases, and misestimating the buyer’s
sensitivity to the cost markups (i.e., the size of ©) becomes potentially very costly for the buyer. Thus, one
would expect that as - increases, the buyer’s value of learning the true © also increases. However, we find
that this is not necessarily the case, and in fact the expected benefit from learning ©, EVI', is non-monotonic
in 7. A similar result holds for the multiplicative constant x for J. The following proposition formalizes
these results.

PROPOSITION 7. In the absence of an outside option, keeping everything else the same,

OEVI'

_ o S e . . .
* Suppose on =05 =0. 5~ >0, hence EVI' is increasing in o

e Replace A;, Vi by v - A;, where -y > 0. EVI' is non-monotonic in 7.
* Replace J; by k - J;, where k> 0. EVI' is non-monotonic in k.

In particular, EVI' is increasing (decreasing) in v when % > yoa ( ‘(/fg)" < ~oa). EVI' is increasing

(decreasing) in k when \/i@maA > Koy (\/§®(u)0A < KOoj).

Proposition 7 shows that EVI' from learning © is non-monotonic in yo . The intuition behind this result
is as follows: for small values of yoa as 7 increases, the variability in the cost markups become more
important in the buyer’s supplier selection decision. Hence, learning © becomes increasingly valuable.

However, when yo A becomes large enough to govern the total cost, cost markups become the main driver
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of the supplier selection decision. It follows that the buyer can now choose a supplier depending on the cost
markup realizations, the ranking of which does not change for different values of ©. Hence, the value of
learning © decreases.

Similarly, when o ; is low, learning © is not valuable to the buyer since the supplier ranking is largely
dependent on the cost markup realizations. However, as k increases, virtual production cost realizations
become increasingly important in the supplier selection decision. Hence, the supplier ranking now depends
on the realizations of ©. Conversely, when xo; becomes large enough to govern the total cost, the supplier
selection decision depends mainly on the virtual production cost realizations, and the value of learning ©
decreases.

Recapping the above, we see that greater variability can diminish the value of information when one
cost component — the cost markup or the virtual production cost — tends to “dominate” the other. It is then
interesting to ask what happens when neither dominates. In this case, when oA = 0; = o, Proposition 7
shows that EVI' monotonically increases in o.

The managerial takeaway is as follows: when deciding whether to invest in evaluating her cost markup
multiplier, the buyer must take a holistic look at the cost drivers and should exert some extra caution. More
dispersion can increase or decrease the benefit of evaluating the cost markup multiplier, depending on how

the price and non-price cost drivers compare in size and dispersion.

VI. Imperfect learning

Thus far we have supposed that an assessment on supplier ¢ provides a perfect observation on the cost
markup §,. However, there may be situations where the assessments do not lead to perfect observations. For
completeness, in this subsection we adapt our base model to address this possibility. We will show that our
results from §4 carry through.

In order to formally analyze such situations, we introduce a parameter o € R* to represent the level of
assessment accuracy, and let ; denote the observation from the assessment on supplier ¢. In this setting,
prior to the assessments (and without (;), the buyer’s posterior mean cost markup E[A|«] is a random

variable itself.
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Given an assessment accuracy level a, we now denote by F, the distribution of the posterior mean cost
markup E[A|a], and by H? the distribution of the adjusted virtual cost with assessments (i.e., E[A|a] + J).
As before, H denotes the distribution of a + J. For a given assessment accuracy o, the expected value of

assessing all NV suppliers can similarly be defined as in equation (1):

EAV(a) & E[TCO without assessments] — E[TCO with assessments with accuracy o],
= Emin{pa + J1,...,ua+ JIn,co}]

— Emin{E[A|a] + J1,..., E[Ay|a] + Ty, E[Ax|a] + Iy, co }]-

The following result extends our previous results from §4.

PROPOSITION 8. Replace EAV with EAV(«), A with E[A|a], and H, with H®; Lemmas 1-2 and Propo-
sitions 1-4 hold as before.

Intuitively, assessments, even though they are noisy, lead to a spread on the posterior mean of the cost
markup, and hence the total-cost distributions, which enables the buyer to differentiate between suppliers.

Further, more accurate assessments should intuitively be more valuable to the buyer (and possibly
costlier). To consider such a setting where higher assessment accuracy leads to more precise observations
on the cost markup, one can use the following information structure: for ay > 1, the distribution of the
posterior mean with accuracy « is a mean-preserving spread of the distribution of the posterior mean
with accuracy «;. This holds for example, in Gaussian learning: Let A; ~ Normal(pa, %) Suppose that by
assessing supplier 4, the buyer observes a signal (; = A; + ¢;, where € ~ Normal(0; 1/«). Hence, higher
levels of a correspond to more accurate and more informative assessments. Having observed (;, the buyer
updates her belief on supplier 7’s cost markup, and forms her posterior mean: B“ﬁfz&@. Prior to the assess-

ments, the distribution of the posterior mean, is Normal with mean pa, and variance ——= 5 Furthermore,

B(a+
the variance increases in the accuracy «. Hence, the distribution of the posterior mean with a, is a mean-
preserving spread of the distribution of the posterior mean with a;, for as > a;. With this information

structure, higher accuracy leads to a mean-preserving spread on the adjusted virtual cost distribution, and

establishes that more accurate assessments are also more valuable for the buyer.
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VII. Additional details on EAVC

In this extension, we consider mechanisms that proceed as follows. (i) The buyer announces payment and
allocation rules; (ii) suppliers report their costs; (iii) the buyer allocates the contract and makes payments
per the suppliers’ reports; (iv) the buyer experiences the cost markup associated with the winning supplier.
Studying such mechanisms parallels our prior analyses. As before, the supplier’s private information is
limited to c;, so the buyer faces a one-dimensional mechanism design problem. In the presence of correlation
as studied in §4.4, by setting M = N and by replacing A with A|c in the proof of Lemma 1, with this setup
it is straightforward to see that in the optimal mechanism without assessments each supplier ¢ truthfully
reveals his private information ¢;, the buyer assigns supplier ¢ a cost markup E[A|c;], and the buyer uses
the following allocation rule:

1 if J(¢;) + E[Ailc] < Jo(¢;) + E[Aj|c;], Vg #4 and J(c;) + E[A]c;] < co,
0 otherwise.

The buyer pays the winning supplier ¢t} (c) = p;(c)c; + fccl_(“) p; (t,c_;)dt, where c(,) is the upper bound
on the production cost c. The buyer’s expected total cost from this optimal mechanism is E.[min{.J.(c;) +
E[A|c1],. .., Je(en) + E[An|en], co}]-

We denote by U;(¢;,c_;) supplier i’s expected payoff when he reveals ¢; as his production cost. Sim-
ilar to the proof of Lemma 1, the following incentive compatibility constraint ensures that the suppli-
ers have an incentive to truthfully reveal their production cost: U;(c;,c_;) = E._.[t;(c) — pi(c)c;] >
Ui(é;,c_;), Vi, é;,c;. One can verify that (p*, t*) is incentive compatible if J.(c;) + E[A,|c;] is increasing
in ¢; (which ensures that p;(c;,c_;) is non-increasing in ¢;). Hence, we introduce a modified regularity
condition that the adjusted virtual cost E[A|c] + J.(c) is increasing in c.

It is worth noting that as || increases, the degree of correlation between the production cost ¢ and A

cov(c,A)
TcOA

increases. The correlation coefficient between the correlated variables ¢ = € + SA and A is p =

’

where cov(c, A) is the covariance between ¢ and A, and o, and o, are the standard deviations of ¢ and A,

Bvar(A) __ Boa
ocon | Oc

respectively. Using the bilinearity of covariance, it follows that p = , which increases in 3

for 5 > 0, and decreases in /3 for 5 < 0 (note that for 3 = 0, correlation coefficient is 0, E[A|c] = pua and
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the EAVC reduces to the EAV in our main analysis). Consequently, the degree of correlation increases in
|8|. This means that the buyer can form more precise beliefs on the cost markup having observed ¢, hence
E[A|c] becomes a more precise estimate of A as | /3| increases.

Note that when ¢ = € + BA, and when both € and A are normally distributed, the pair (¢, A) defines
a bivariate normal distribution as ¢ and A are correlated. Further, bivariate normal distributions have the
following special property: the distribution for an unobserved variable conditioned on observed values of a
subset of variables is also normal. We exploit this property in our numerical experiments when calculating
E[A,|¢;]. In particular, conditioning on observing ¢;, we have E[A;|c;] = pua + oap(c; — pe)/oe = pa +
ﬁ% (c; — pe) (see for example, Lindgren et al. (2013), page 267).

Further, for 8 < 0, ¢ and A are negatively correlated. For the bivariate normal distribution that we use

2 2 2 2
in our numerical experiments, for § < 0, 2Z2dlel — 090 ~ and ZLL a}‘fl] = —A% - > 0.
i NI i (s252+02) "

Hence, E[A;|c;] decreases in ¢;, and the rate of this decrease increases as 3 < 0 decreases. Then, for small
enough 3 < 0, the regularity condition may be violated, and the incentive compatibility constraint may not
hold. In line with this observation, in the numerical experiments in Figure 8, we find that for 5 < —0.075,
J.(¢) + E[A|c] can be decreasing for the parameter space we use in the numerical experiments in in §4.4.

Hence, in order to ensure that the incentive compatibility constraint holds, we use 5 > —0.05 in §4.4.

+10¢ €~ Normal[50000,3000], A ~ Normal[50000,12000], x==1
12 T T T T T T

J(©)+E[Alc]

. . . . .
0 0.5 1 15 2 25 3 3.5 4 4.5 5
Production cost, ¢ x10*

Figure 8  J.(c)+ E[A|c] can decrease in c for § < 0.

In the absence of an outside option (or facing an outside option that is sufficiently large that for practical

purposes it can be ignored), further numerical experiments reported in Figures 9 and 10 suggest that our
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previous insights on monotonicity in cost and cost markup multipliers as given in Proposition 3 still hold

when there is correlation between the production cost and cost markups, and assessments become more

(less) valuable as the cost markup (independent production cost component €) dominates the total-cost.

18000 ¢ ~ Normal[50000,3000], A ~ Normal[50000,12000], <=1, N=2

1 11 1.2 1.3 1.4 15 1.6 1.7 18 1.9 2
A multiplier v

Figure 9  EAVC increases in .

17000 €~ Normal[50000,3000], A ~ Normal[50000,12000], y=1, N=2

6000 -

5000 -

1000

0 L L L L L L L L
1 11 12 13 1.4 15 16 1.7 1.8 1.9 2

Production cost (¢) multiplier

Figure 10  EAVC decreases in k.

VIII. Additional details on EAV under different auction formats

Echoing our findings in Proposition 3, additional numerical analyses as illustrated below in Figures 11

and 12 suggest that in the absence of an outside option, and for large enough N, as the dispersion of the cost

markups increases, EAV under all formats increase. Conversely, as the dispersion of the production costs

increases, EAV under all formats decrease. Note that as one might expect, the EAV gap is particularly large

(small) for high values of the cost markup (independent production cost component) multiplier.

, <10" € ~ Normal[50000,3000], A ~ Normal[50000,12000], =1, N=10

& Optimal

2 Markup-contingent selection
=03 Open-bid

<+ -+ Sealed-bid

05 06 07 08 09 1 1.4 1.2 1.3 1.4 15
A multiplier v

Figure 11 EAV increases in .

15 x10 €~ Normal[50000,3000], A ~ Normal[50000,12000], y=1, N=10

=~~~ Optimal

Markup-contingent selection
=0~ Open-bid
«+ -+ Sealed-bid

. . . . . . .
05 06 07 08 09 1 14 1.2 1.3 1.4 1.5
Production cost (c) multiplier

Figure 12  EAV decreases in k.
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Online Supplement - Proofs

Proof of Lemma I  We first derive the optimal mechanism, and then show that this mechanism can be
implemented via the auctions referred to in Lemma 1. In searching for the optimal auction mechanism, the
revelation principle (Myerson 1981) allows us to focus without loss of optimality on direct mechanisms
where each supplier truthfully reveals their private information, namely their production cost. Let p; denote
an assignment rule, and ¢; a transfer rule for each i: p;(c) is the probability that the supplier ¢ wins the
auction given production cost vector ¢ = (cy, ..., cy); t;(c) is the payment to supplier ¢ given c. We let c_;
denote the vector of production costs excluding ¢;. We denote by ¢, the buyer’s cost of non-transaction (out-
side option); for example, this could correspond to the cost of forgoing the contract, or the cost of in-house
production. Using a mechanism design analysis (e.g., Myerson (1981)), the buyer’s optimal mechanism
(p;,t7) when the buyer has assessments on M, 0 < M < N suppliers is characterized as follows:

LEMMA 3. In the optimal mechanism, the buyer assigns each bidder a cost markup as follows: s; = 6; if
bidder i was assessed, s; = ua if bidder i was not assessed. The buyer announces the following allocation
and payment rules:

The buyer allocates the contract to the supplier with the lowest adjusted virtual cost:

1 lfSl‘}—J(CZ)SSJ—{-J(CJ),VJ#Z and Si+J(Ci)<C0,
0 otherwise.

The buyer pays the winning supplier t:(c) = p;(c)c; + fff“) p;(t,c_;)dt. The buyer’s expected total cost
from this optimal mechanism is E.[min{s, + J(c1),...,sy + J(cn), o}

Proof of Lemma 3 Without loss of generality, label the suppliers such thati = {1,...,M},0< M < N,
are the assessed suppliers (with known cost markup 6;), and i = {M +1, ..., N'} are the suppliers who have
not been assessed (with unknown cost markup A;). Let us denote by a the vector of observations that the
buyer has on the suppliers’ cost markups, i.e., a; = d; if supplier is assessed, and a;, = A, if supplier ¢ is not
assessed. As per the modeling assumption (and as is done in practice for transparency purposes), the buyer

informs an assessed supplier ¢ about a;, but the supplier < cannot observe a_; (the set of observations on the
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other suppliers). Hence, an assessed supplier can observe a; = §;, and the common cost markup distribu-
tion F', but the unassesed suppliers can only observe F'. Hence, in our problem the buyer (the mechanism
designer) has private information that the suppliers cannot observe. One can imagine that the buyer can
use this information to manipulate the suppliers’ beliefs about each other by the choice of her information
disclosure policy on the vector a. Skreta (2011) proves that in an independent private values setting (such
as our setting where the total cost of supplier ¢, ¢; + §; is statistically independent from other suppliers’ total
costs), the informed auctioneer’s choice of an information disclosure policy is irreverent in terms of her
outcome from the optimal mechanism: i.e, there is no loss of optimality in treating the vector a as publicly
announced (for more details, see Theorem 6 in Skreta (2011)). Hence, below in the optimal mechanism
analysis we study the case where the information the buyer collects through the assessments are publicly
known by all parties.

Let us denote by (p,t) a direct revelation mechanism. We denote by U;(¢;,c_;) supplier i’s expected
payoff when he reveals ¢; as his production cost. The buyer needs to optimize the following objective
function (2), over the set of feasible direct mechanisms satisfying incentive compatibility (3), participation

(4), and allocation (5) & (6) constraints.

M N N
{Eig Eenprnnn D pi€)di+t:(c)) + Y (pi(c)Ai+1t:(c)) + (1= pilc))eo] 2)
’ i=1 i=M+1 i=1
subject to:
Ui(ciacfi) = Ec_q;[ti(c) _pi(c)ci] > Ui(éia sz‘)a Vi, 6, ¢ 3)
Ui(ci7c—i) 2 07 VZ, (4)

N
> pile) <1, 5)

Using the definition of ¢’s utility function, the expected transfer to supplier ¢ can be written as:

E._,[ti(c)] = Ui(ci,c—;) + Ec_,[pi(c)c;]. Then, E,[t;(c)] = f;(i;‘) Ui(t,c_;)g(t)dt + E.[p;i(c)c;], where

g(c;) is the pdf of the production cost.



Aral, Beil, Van Wassenhove: Online Supplement for Supplier Sustainability Assessments in Total-Cost Auctions

18

It follows that we can rewrite (2) as follows: mineg ¢ Feny,;....ay [Zﬁl pi(c)(0; + ) +
S an Pi(e)( Qi) + 3, [ Us(eg(e)dei + (1= L, pile))eo]

Let us denote T}(c;) = Ec_i[tl-(c)], and Pi(c;) £ E._,[pi(c)]. It follows that U;(c) = T;(c) — Pi(c)c;.
With standard manipulation (see for example Krishna (2010)), it can be shown that for an incentive com-
patible mechanism U/(c) = — P;(c).

Now, let us consider fcc(i;” U(ci)g(c;)de;. Integrating by parts, for an incentive compatible mechanism

we get fCC((l;‘) Ui(ci)g(ci)de; = Ui(cw)) + Eepi(ci, c—; )g((cl))] so the expected cost to the buyer is:

W =Ecay...an [sz( c)(di+ci)+ | Z pi(c)(A;+ci) + Z Ui(cw)) + Z(pi(C) Z(CCZ)) )+ (1= Zpi(c))%]a
= Le,Apryses AN[ZPZ( )(5 +J(CZ)) Z ( )(A +J Cz 1*22% CO+ZU1’(C(U))]7
= Ec[zpi(c)(@ +J(ei)) + Z pi(e)(E[A]+ J(¢e;)) + (1 — Zpi(c))co + Z Ui(cw)]
=1 i=M+1 =1 =1

Hence, we can replace the uncertain cost markup term A; with its expectation E[A;] = ua for the
unassessed suppliers ¢ = {M + 1,..., N}. We define a vector s such that the cost markup s; = ¢; if sup-
plier 7 is assessed, and the cost markup s; = pa if supplier ¢ is not assessed. Note that W is minimized
for U;(c(uy) =0, and by choosing an assignment rule favoring the supplier ¢ with the lowest s; + J(c;) if
si + J(¢;) < ¢, and awarding the contract to the outside option if s; + J(c;) > ¢o, Vi. This is indeed the
optimal assignment rule p; given in the statement of the proposition.

Characterizing the optimal transfer function ¢; follows from FE._,[t;(c)] = U;(c) + E._,[p;(c)c;] and
Ui(¢),c—;) = 0. When writing the buyer’s objective function as W above we assumed that we had an
incentive compatible mechanism; one can verify that this indeed is true for (p*,t*), since p;(c;,c_;) is
non-increasing in ¢;.

Let j denote the index of the lowest adjusted virtual cost supplier (j = argmin;{s; + J(¢;)}), and let
denote the index of the second-lowest adjusted virtual supplier (I = argmin,.;{s; +.J(c;)}). Now, consider
the optimal mechanism given above. Let us denote by y;(c_;, s) =sup{t; : s; + J(t;) < cg and s; + J(t;) <
s;+J(c;j), Vg # i} the highest production cost value for supplier ¢ that would still enable him to win under

the optimal mechanism. Then, the assignment rule under the optimal mechanism is such that:
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1, lfCZ Syi(C,i,S)
0, ifc;>vyi(c_y,8)

It follows that

(u) yi(c_i,8) —ci, ifc; <yi(c_;,8)
/ p:(tz,cfl)dt =

‘1

0, if ¢; >yi(c_y,8)

Then, the transfer function under the optimal mechanism ¢ (c) = p}(c)c; + [ ™ p;(t,c_;)dt can be

rewritten as

yi(c_i,8), ifpi(c)=1

Now, consider the transfer to the lowest score supplier (indexed by j) under the optimal mechanism:

yi(c_j,8) =sup{t;:s; + J(t;) <coand s; + J(t;) < s; + J(ci), Vi # j},
=sup{t;:t; <J (co—s;)and t; < J (s +J(e) — s;),Vi#j},
:min{J71(00—Sj)afgéin{J*l(SmLJ(Cz') —55)}

i#£]

=min{J "(co —s;),J (s, +J(c;) — s;)}, where s; + J(¢;) is the second-lowest adjusted virtual cost.

Hence, in the optimal mechanism, the lowest adjusted virtual cost supplier j is the only supplier who
receives a payment, and this ex post payment is equal to min{.J~*(cy — s;),J " *(s; + J(¢;) — s;). Conse-
quently, the expected total cost for the buyer is E.[min{s; + J(c1),...,sy + J(cn),co}|s]. This finalizes
the proof on the optimal mechanism as given in Lemma 3.

Then, per Lemma 3, when the buyer does not use assessments on any of the suppliers, s; = ua for all
i, and her expected total cost is E.[min{ua + J(¢)1.n,¢o}]. Substituting J as the short hand notation for
J(c), we have E[TCO without assessments| = Ey[min{ua + Ji.n, o}

Also, let us denote by y;(c_;) the highest production cost that wins against ¢_;. Then y;(c_;) = max{z; :

J(2) + pa < coand V5 # 4, J(2;) + pa < J(c;) + pa}t. Since we have a symmetric problem, y;(c_;) =
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min{J'(co — pa), min;; ¢; }. Hence, the optimal mechanism without assessments can be implemented
with a (price-only) open-descending, or sealed-bid auction with a reserve price of J~!(co — pa). This
finalizes the proof of Lemma 1.

Proof of Lemma 2 When the buyer assesses all suppliers, s; = §; for all 7, as defined in Lemma 3. Apply-
ing Lemma 3, the buyer’s expected total cost from the optimal mechanism is E.[min{d; + J(¢;),...,dx +
J(en),co}|6]. Substituting J as the short hand notation for J(c), we have E[TCO with assessments|d] =
Ejmin{d, + J1,...,0n + JIn, o }|0].

Proof of Proposition 5.  We denote by A and B the supplier categories with lower and higher total base-
cost, respectively, i.e., A < A(®) where A 2 ¢(A) + A(A) and AP 2 ¢(B)+A(B).

If the buyer assesses supplier 4, she can observe supplier i’s cost markup A(7;) +¢2. Note that because the
suppliers’ categories are known by the buyer, suppliers do not earn information rents for this information.

However, suppliers still earn information rents from their information on €. Let J; (distributed according

G(ef)
g(€§)”

to distribution G) now denote €+ the virtual production cost of supplier <.

Facing N4 category-A and Np category-B suppliers, the buyer’s EAV if she could assess only M4

category-A, and Mg category-B suppliers is:

EAV(Ma,Mp)=E; [min{(A(A) +J+ NEA)(ltNA)’ (A(B) +J+ /LEA)(liNB)vCOH
— By almin{(A™ + T+ €)@y, (A + T + pea) vy -aa)s

(A(B) +J+ €A)(1:MB)7 (A(B) +J 4 piea ) (N —p), Co -

We will show that if the buyer is willing to assess one additional supplier, she is better off assessing a
category- A supplier. Below we compare the expected procurement costs in two cases: when the additional

assessment is on category-B and when the additional assessment is on a category-A supplier:

E[TCO with assessments on M4, Mg+ 1] = E; a [min{ (A +J + eA)(LMA), (A + 7+ Phed ) (1:N A —M4)s
(A(B) +J+ 6A)(1:M3+1)> (A(B) +J 4 frea ) (1:Np—Mp—1)> Co }]

= EJ,eA [Hlln{(A(A) + J‘I—GA)(LMA), (A(A) + J"‘HEA)(LNA,MA,D,
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(AP + T+ € gy (AP + T + pea) (g —ag -1 o,
min{A” — A"+ J+€* — pa, J} + poa + A}

E[TCO with assessments on M, + 1, Mp] = E; .a min{ (AW + T+ )y 11y, (AN + T+ pea) @iny - a4 1),
(AP + T + ) gy, AP + T + pra) (v —11g), G0}
= E; amin{(A™W +J+€*) aar,, A +J + pa) @invy -1y,
(AP 4+ J + EA)(LMB), (AP 4 J + et ) (1:Np—Mp—1)> Cos

min{J + e — pa, A? — A+ J} + poa + A1}

Note that expressions are equivalent except for min{A? — A4 + J + ¢ — pu.a,J} and min{J +
€& — pa, AP — A4 + J} terms. Since A < AB) AB — A + ] >posp J >s0sp J + €& —
pea, A2 — A + J + € — pa >posp J + €& — pa, and J >s0sp J + €& — p.a. Hence,
E[TCO with assessments on M4 + 1, Mp] < E[TCO with assessments on M4, Mg+ 1]. So, given two
suppliers in different categories, the buyer prefers to assess whichever has the lowest base-cost. Thus, she
would prioritize category-A suppliers in assessments, and would assess a category-B supplier only if all
category-A suppliers are assessed.

Let HA, HA, H?, and HP denote the cumulative distribution functions of A + J 4+ a, A + J + €2,
AB) 4 J 4 p.a, and AB) 4 J 4 €2, respectively.

As in the proof of Proposition 1, we first show that dg\?A‘ my<n, = EAV(Ma + 1,0) — EAV(M4,0)
is positive. Note that EAV(M 4,0) = E[TCO without assessments] — E[TCO with assessments on M 4| =
S0 = HA@)YA(1L — HB (@) ¥sda — [(1 — HA(@)Ma(1 - HA@))¥a~Ma(1 — HB(x))Veda, so
iy nrg ey = Jo" (L= HP @) V2 (L= HA () Va= M= (1= BN )Mo (B () = HA () da

Note that HZ' is a mean preserving spread of H*, and [[° HZ(x) — H*(z)dz > 0, Vc,. Also, note

a

that as per the proof of Proposition 1, there exists z\*) such that HA(z) > HA(z) for z < z{*), and

HA(z) < HA(z) for x > 2\ Then, for all < ¢o < 2\, HA(2) — HA(z) is positive, and consequently

difsnigen, = Jo ' (L= HP (@))N5 (1 = HA(2))Va=Ma=t(1 — H@))MA(H ! (z) — H(2))dw > 0 for

Co < ng)
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Now consider ¢, > zi"). Note that [ H(z) — HA(z)dx > 0, Veo and [;° HA(x) — HA(z)dx =

a a

1}<A) C ZL'(A> .
Jot HMx)—H*(x)de+ ['(a) H} (x)— H*(x)dz > 0). Alsonote that [* (H*(x)— H.(x))dx is neg-
!

ative, and [“(a)(H*(z) — H2(z))dx is positive. Also, note that (1 — HZ(z))V5 (1 — HA(z))Na~Ma=1(1 —
1

H2(z))Ma >0, and is decreasing in z. Then, (1 — HZ(z))¥5(1 — HA(z))Na=Ma~1(1 — HA(z))Ma > (<

)(1— HB(2\)Ve (1 — HA(2\M)Na=Ma=1 (1 — gA(2{MV))Ma for 2 < ()2 It follows that:

€0
dS&)AlMKNA :/ (1—HB(2))Vs(1— HA(z))Na~Ma~1(1 — HA(z))M4(HA(2) — H*(z))dx
0
o4
- / (1= HP(2))¥5 (1 — HA(2))¥a =M=\ (1 - BA(2))"4 (HA (2) — HA(2))de
0
€0
+ / oy (= HP @) V5 (1= HA () VM4 (1= B @) V2 (H (@) — H () de
1 mgA)
> (1— HP ()N (1 — HA(2{V))Na=Ma=1 (1 — HA (aM))Ma / H(x) — H(z)dx
0
co
+ (1= HP (2{")Ne (1 = HA(2{V))Na=Ma=t(1 = H M (2{Y))Ma / oy Hi @) = HA(2)dz
Ty
€0
= (1— HP(2{")V5 (1 — HA(2{V))Va-Ma=L(1 - HA(«{V))Ma / HA(z) — H(z)dx
0
> 0.
So, dgvlf)AlMA v, = 0, and EAV(M,4,0) is increasing in AM,. Next consider dS\Z\MA Ny =
) ntasreny — Astinr e, = =[50 (L= HP(@)N5 (1 = HA ()N Ma=2(1 — HA ()4 (HA (x) -

HA(z))?dz. Since all the terms within the integrand is positive, dE\Z\ M, <n, 1S negative. It follows that,
EAV (M 4,0) = E[TCO without assessments] — E[TCO with assessments on M 4] is concave increasing in
My.

Now consider EAV(N4,Mpg). We will first show that dg\zg\MB<NB £ FAV(Na,Mp + 1) —
EAV (N4, Mp) for Mp < Ng is positive. Note that EAV(N 4, Mp) = E[TCO with assessments on N4] —
E[TCO with assessments on Ny and M,] = [°(1 — HX(z))V4(1 — HP(z))Vdz — [°(1 —
H@)Na(1 — HE(2)Ne-Me(1 — HE(2)Medz, so dy) v = [;°(1 = Hi(@)N(1 -
HP (z))Ve= M= (1 = H ()8 (H (1) — H (x))d.

Note that H” is a mean preserving spread of H”, and [° HP(x) — H® (x)dz > 0, Vco. Also, note

a

that as per the proof of Proposition 1, there exists ng) such that H?(z) > HP(x) for x < ang), and
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HB(z) < HB(z) for 2 > 2\®). Then, for all 2 < ¢q < 2\”, HB(z) — H®(x) is positive, and consequently

d)

B

nipeny = Jo (L= H(@))N4 (1= HP (2))No~Mo=1(1 — HJ (2))"7 (H (z) — H (2))dz > 0.

Now consider ¢, > z{?. Note that S HE(z) — H (z)dz = Oz§B> HB(z) —HB(x)dx—l—f:{’m HB(z) -
HB(z)dx > 0. Also note that fOIgB) HEP(x) — HP(zx)dz is positive, and f:fm HE(z) — HE(z)dz is
negative, and that (1 — H2(z))V4(1 — HB(z))Ns=Me=1(1 — HB(z))MB > 0, Vz, and is decreas-

ing in 2. Then, (1 — H (2))¥4(1 — HP(x))Va~Ma~1(1 — HP (2))5 > (<)(1 — HA(@{P))¥a(1 -

HE(zP))Ne-Mp-1(1 — HB(2{P))M5 for 2 < (>)a{™). It follows that:

[ HA @y B )Y 0 B ) (@) - B @)
=/0x53)(1_Hf(x))NA(l_HB(@)NBMB1(1_H5<x))MB(H5(@ ~ H(2))da

- ;)a — HA@)MA (1 B (@) ¥e M (1 P (@) M2 (HE (@) — HP () da

> (L= B2 (1= HE @)% e 0= HE ) [ ) - 1oy

(1= B (1= B @) Ne (1 - g )Mo [ g8 (@) - B (2)de

B
o)

= (1= @) (1= B ) e e 1= i ) [ " HP(2) - HP (1)

> 0.
So, dESI)B‘MB<NB > 0, and EAV(N4, Mpg) is increasing in Mp < Np. Next consider dEEI)B‘MB<NB =
1 1 C _ _
A o atpsreny — Dot ey = — Jo " (1= HA(2))V4(1— HE (2))Np=Mp=2(1 — HP (2))M> (HP () -

HB(x))?dx. Since all the terms within the integrand is positive for all z, ds\i)B \Mp <N 18 Negative. It follows
that, EAV(N 4, Mp) is concave increasing in Mp. Since the two concave portions of EAV (M 4, Mp) have
different first and second increments, EAV is piecewise-concave and N, is the vertex point where the two
concave portions meet. Consequently, buyer’s optimal assessment policy follows the first order conditions
as given Proposition 5.

Proof of Proposition 6.  With a slight abuse of notation, let us now denote by H the distribution of

oA+ J, and by H, the distribution of ©A + .J. Then,
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EVI=Ea jmin{(ppte A+ J)1.n,¢0}] — Ea 30 min{(OA+ J)1.n,c0}] = /060(1 — H(z))Ndx — /060(1 — H,(x))Ndx

We note that OA + J = (0 — pue) A+ pe A+ J, and (© — e )A is a zero-mean random variable. Then,
the distribution of ©A + J, i.e., H,, is a mean-preserving spread of the distribution of ugA + J, i.e., H,
and fot H,(x) — H(x)dx >0, Vt € RT. It follows that the proof of Proposition 1 applies where learning the
cost multiplier for the first M suppliers replaces the assessments on M suppliers, and EVI replaces EVA. It
follows that EVI is positive.

We now study the effect of changes of ¢y on EVI:

Tt = [N 4 @y [T B o= H @) - (- )

H, is a mean-preserving spread of H. Hence, there exists a point x; € R™ where H(x) < H,(z) for

x <z, and H(z) > H,(z) for x > x; (see Proposition 1). Then, (1 — H(cp))N — (1 — H,(c))YN > (<)0

for ¢y < (>)z;. Hence, EVI is increasing in ¢y when ¢ < .

Let us denote O,y A,y + J(u) by x». Note that for ¢g > xo H(co) = H,(co) = 1. Then, for all ¢y >

OEVI

o0 0. Hence, EVI is constant in cg when ¢ > 5.

Note that for x5 > ¢o > 21, H(co) > H,(co), and (1 — H(co))N — (1 — H,(co))™ <0. Then, 224 <0 for
co when 1 < ¢y < x2. Hence, EVI is decreasing in ¢y when x1 < ¢y < x».
Proof of Proposition 7. First, consider 0o = 0; = 0. Let us denote by E[Z;.x] the expected first order

statistic from a standard normal distribution with N draws. The expected value of information on O is:

EVI' = En j[(pe A+ J)1.n] — Ea j0[(OA + J)1.n],

O(u)
— Eny[(10A + T 1] - / Fa s (6A + 7)1xp(8)d6.
S0

S}

(w)
=V 1yoR +03E[Zy.n] + pepia +MJ—/ (V0?0% +05E[Z1.N] 4 Opa + 1) p(0)db,
Ow

E|Zi.n]o VM@ - V92 1p(0)do).

SJ0)

Hence BEV’ = E[Z1.n)(y/ 1k +1— E[y©2+1]). V/O? +1 is a convex and strictly increasing function

of ©, so by Jensen’s inequality, 1/u2 + 1 — E[v/©% +1] <0. Since E[Z;.y] < 0 for N >2, ag_gﬂ >0.
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Now, consider op # 0 ;: EVI' = E|Z.5](\/p40% + 02 — fe((“) 0202 + o2 p(0)dh).

Keeping everything else the same, consider multiplying A by a positive multiplier ~. It

follows that EVI'(Y) = ElZun)(ViE7P0%+03 — [g' \/6P770% +07p(6)df). Then, 27 —

0]
/L?G)’)/UQA @2'ya2A G)Q'YUQA . .
E[Z.N)(—5%"2— — E[-—=—=-2—]). We note that ———=2— is a convex (concave) increas-
VHGY oA toS w/@2'y2a +o5 \/92“/2UA+0'J
ing function in © when Y221 > yoa (X221 < ~4o,). Then, by Jensen’s inequalit T .
g O Y Yoa)- , by q Y,

0]

ViB ek

E[%] < (>)0, hence 22 > (<)0 when ‘/_UJ >0 (‘/_‘” <YopA).

V024202 +02 v

Now, keeping everything else the same in the original EVI' expression, consider multiplying .J by a

positive multiplier . It follows that EVI' (k) = E[Zy.x](\/u30% + k2075 — fs(;w 020% + k202 p(0)d0).
Then, %Y = E[Z,, N](\/# — E[\/%M%%D We note that W is a convex (con-
cave) decreasing function in © when \/§®(l)crA > Koy (ﬂ@(u)aA < koy). Then, by Jensen’s inequality,
\/% — E[\/%M%] < (>)0, hence ‘9EV’ > (<)0 when V20 y0a > K0y (V20 (,)0a < Ko y).
Proof of Proposition 8. Note that prior to assessments, the posterior mean of supplier i’s cost markup

E[Ala] is a random variable with mean pa. Then, H?(x) (the cdf of E[A|a] + J) is a mean-preserving

spread of H (the cdf of ua + J). Now consider EAV(«):

EAV(a)) & E[TCO without assessments] — E[TCO with assessments with accuracy o],
= E[min{pa + J1, ..., ua + JIn,co}]
— E[mln{E[A1|a] + Jl, ey E[AAﬂOé] + JM,E[AN|06] + JN, Co}],
co
~ [ - H@) - (- )
0
Note that the structure of EAV(«) is identical to EAV given in (1) in §3. Further, Lemmas 1-2 and Proposi-

tions 1-4 hold for any generic H and H,,, where H, is a mean-preserving spread of H. Hence, by substituting

E[Ala] for A, HY for H,, the proofs of Lemmas 1-2 and Propositions 1-4 directly apply.



