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A Weight-Manipulated Portraits
To implement the photo-morphing, I work with two photographers who manu-
ally create a thinner and fatter version of each portrait using computer software.
The originals are 30 Kampala resident portraits (Ugandan nationality) and 4 por-
traits of white-race individuals. Kampala residents are recruited via focus groups;
participants provide written consent and receive a digital copy of their portrait.
White-race portraits are computer generated and obtained from an algorithm sim-
ilar to https://thispersondoesnotexist.com/.

Half of the portrayed individuals are women, and the minimum age is 20 years.
Portraits are heterogeneous according to initial body size, age, ethnicity, religion,
and socio-economic status. After discarding the originals, the final set is composed
of 34 weight-manipulated portraits’ pairs, each made of the thinner and fatter
version of the same portrait (Appendix Figure G.1).

On average, thinner portraits are perceived as normal weight, while fatter por-
traits are portrayed as obese. To quantify the body mass variation across thinner
and fatter portraits, I elicit the portraits’ perceived BMI among 10 independent
raters (Kampala residents). To rate portraits’ perceived BMIs, raters compare
each portrait to the figurative Body Size Scale for African Populations developed
and validated in Cohen et al. (2015). The portraits’ perceived BMIs range from
20 to 44 points. The perceived body mass distribution is plotted in Appendix
Figure 1. Appendix Figure G.2 displays the body size scale and the rating proce-
dure. Importantly, none of the thinner portraits are perceived to be underweight
(BMI < 18.5), and all the fatter portraits are perceived to be obese (BMI ≥ 30).
Thus, the experimental average treatment effect captures the effect of obesity rel-
atively to normal weight, which is estimated in the data using a dummy equal to

1



1 if the portrait is shown in the obese version.

B Beliefs Experiment

B.1 Respondents’ Wards of Residence
The wards are selected at random from the list of all wards in the districts of
Kampala, Mukono, and Wakiso (Greater Kampala). The selection is stratified
by quintiles of a poverty index at the ward level, which I use to proxy for socio-
economic status for the respondents. I build this ward-level poverty index from
Ugandan census data. From the universe of wards in Greater Kampala, I then drop
one industrial area, the two richest neighborhoods (Kololo and Muyenga), and the
wards counting less than 2% of the population. The final list has 99 wards.

Using ward-level aggregate data from the 2014 Ugandan census (Uganda Bu-
reau of Statistics, 2016), I create a poverty index averaging four variables: share
of households with no decent dwelling, share of households living on less than two
meals per day, share of households that do not have a bank account, and share
of illiterate adults. The poverty index ranges from 5, richest, to 42, poorest, (sd:
5.75). I define poverty index quintiles and randomly select 10 wards from each of
the first, third, and fifth quintiles. Appendix Table G.1 provides a list of selected
wards and their characteristics.

C Credit Experiment

C.1 Outcome Wording
The outcome wording is as follows: : “Based on your first
impression, how likely would you be to approve this loan application? (1–5, not
at all likely to extremely likely); : “If you had to approve this loan
application, which interest rate would you charge? (standard, higher, lower, not
applicable)”; : “Creditworthiness describes how likely a person is
to repay a financial obligation according to the terms of the agreement. Based on
your first impression, how would you rate the person’s creditworthiness? (1–5, not
at all likely to extremely likely)”; : “Based on your first impression,
how likely do you think this person would be to put the loan money to productive
use? (1–5, not at all likely to extremely likely)”; : “How
reliable do you think the information provided by the applicant is? (1–5, not at all
reliable to extremely reliable, not applicable if no additional info)”; and

: “Based on your first impression, would you like us to refer you to a similar
applicant to meet and discuss his/her loan application? (yes/no).”
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C.2 Hypothetical Borrower Profiles
Using information from loan officer focus groups and data from 187 real prospective
borrowers in Kampala, I build 30 hypothetical profiles. To cross-randomize the
information in the applications, I use Python and the
functions. Each profile includes a set of borrower characteristics and the borrower’s
portrait, selected from the weight-manipulated portrait set (black race only). I
stratify the information randomization by body mass and, as the signaling power
of body mass might differ for men and women, by gender.

The procedure is as follows. First, the hypothetical borrower’s body mass
and gender are randomly assigned (male/female, thin/fat). Then, the following
happens:

• Portrait: Each portrait is randomly selected from the set of 30 black-race
original portraits, conditional on gender.

• Loan profile and reason for loan: There are three different loan profiles:
Ush 1 million, Ush 5 million, and Ush 7 million. The reason for the loan
was either business or personal. All loan profiles have a six-month term
to maturity, and loans could be personal or for business. Business was left
generic, while the reasons for personal loans included home improvements,
purchase of land, purchase of an animal, and purchase of an asset (e.g., a
fridge or car). Loan profile and reason for loan randomization is stratified
by the borrower’s gender and body mass.

• Name, passport ID, nationality, and place of residence: Name and
passport ID are included to increase realism but are blurred. Nationality
is always Ugandan as most credit institutions would not issue loans to non-
Ugandan citizens. Place of residence is always Kampala as most loan officers
would be skeptical about issuing a loan to people living in another city. All
applications include a date of birth, where the year of birth is the actual
year of birth of the portrayed individual, while month and day are randomly
selected. This information was not randomized.

• Occupation: The information was randomized conditional on the appli-
cant’s gender. Typical female occupations include being an owner of the
following: a retail and mobile money shop, a boutique, a jewelry shop, an
agricultural produce and drug shop, or a hardware store. Typical male oc-
cupations include owning a retail shop and mobile money business, owning
a phone accessory and movie shop, selling clothes (owning a boutique), run-
ning a poultry and egg business, and running a dairy project. The set of
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occupations were vetted in focus groups with loan officers. All the hypothet-
ical loan applicants were self-employed because employees normally have a
line of credit with their employer.

• Monthly income: Income information is provided in the form of last
month’s self-reported revenue and profits, which are randomly assigned con-
ditional on loan profile and the borrower’s gender and body mass and type.
I first randomly assign each profile to a type: good (low DTI ratio) or bad
(high DTI ratio). I then compute the monthly repayments based on the aver-
age interest rate in Kampala and determine monthly profits according to the
formula MonthlyRepayment = X ·MonthlyProfits. If the borrower type is
good, X is randomly selected from [0.3; 0.35; 0.37; 0.4]; if the borrower type
is bad, X is randomly selected from [0.9; 0.95; 0.97; 1.05]. Notably, “bad”
borrowers are relatively defined and could still be considered for a loan. It is
not uncommon to approve loans such that X = 0.95 or X = 1. This made
the profiles realistic: borrowers with no chance of being approved would
normally not apply or would lie. Moreover, it raised loan officers’ stakes by
showing they could access a good pool of borrowers by participating in the
experiment.

• Collateral: Collateral is randomly assigned conditional on the borrower’s
body mass, gender, and loan profile. For loan profiles of Ush 1 million, the
choice is between motorcycle and land title. For loans of Ush 5 million and
above, the choice is either car or land title.

The financial information is displayed at the bottom of the loan profile, using
the sentence “This applicant is self employed and runs a [occupation type] in
Kampala. The applicant claims that the business is going well. Last month, the
business revenues amounted to [revenue amount]. The profits were [profit amount].
The applicant could provide a [collateral type] as collateral. Please notice that the
information on revenues, profits and collateral are self reported by the applicant,
and have not yet been verified.”

C.3 Implementation of Borrower Referrals
To refer loan officers to real borrower referrals that match their preferences, I use
their choices in the credit experiment. The matching is borne out of a machine
learning algorithm that accounts for all observable characteristics except gender
and body mass. I exclude these characteristic to avoid implementing biased refer-
rals, following Kessler et al. (2019). This choice may be seen as deceptive since
loan officers may expect body mass or gender to matter. I believe the ethical
concerns to be minimal since I do not specify the characteristics based on which
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I match borrowers and lenders and since a perfect match would never be feasible
and would be justified by the need of avoiding biased credit outcomes.

To implement the procedure, I use R and the code mostly relies on .1

Introduction to the Machine Learning Problem The problem of matching
new borrowers with loan officers based on loan officer preferences is a supervised
machine learning algorithm problem. Supervised machine learning revolves around
the problem of predicting out-of-sample y from in-sample x. One needs to predict
loan officers’ preferences for new borrowers (out of sample) based on the preferences
they expressed on hypothetical borrowers in the credit experiment (in sample).
Since my measure of loan officers’ preferences is the binary choice of requesting,
or not, to meet with the hypothetical borrower, I train a supervised classification
algorithm.

To implement this matching, in short, I train a set of competing classification
models on the experimental data and select the optimal model to identify loan
officers’ preferences. Then, I apply it to the new database of real prospective
borrowers to predict which borrowers would be more likely to get a meeting with a
given loan officer. The real prospective borrowers are 187 Kampala residents who
need a loan. For each new borrower, I select the loan officer who has the highest
probability of requesting a meeting with that borrower. Finally, the details of the
loan officers are communicated to that borrower with a phone call in spring 2020.
Depending on the loan officers’ stated choice, I refer the borrower to either the
institution or a specific loan officer.

Data Description The loan officer preferences data are based on 238 loan offi-
cers, evaluating between 4 to 30 applications each. To improve on referral quality,
I exclude profiles for which the loan officer has no information on the applicants’
financial information. The total number of observations is 4,419.

Machine learning algorithms search automatically for the variables, and inter-
actions among them, that best predict the outcome of interest. One must decide
how to select, encode, and transform the underlying variables before they are fed to
the machine learning algorithm. I include all loan officers and firm characteristics
recorded in the credit experiment. For the borrower characteristics, I include all
the characteristics in the profile except 1) gender and body mass because of ethical
reasons and 2) occupation, which was elicited as an open question to the new bor-
rowers. Including the occupation information requires making some assumptions
on how to code the self-reported occupations of the prospective borrowers, which
does not seem worthwhile considering that algorithm performances are quite good
even without occupation information.

1
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The preferences data include the following:

• Loan officers: age, body mass, gender, education, self-reported financial
knowledge, financial knowledge score, experience, role (dummies for manager
or owner), employed/self-employed status, monthly income, family members,
activities performed, perceived stress of the verification procedure, dummies
for factors influencing loan officer choices (age, gender, income, nationality,
appearance, education, guarantor, collateral, occupation), number of appli-
cants met daily, number of applicants approved daily, dummies for actions
implemented to verify the applicants, performance pay, and relevance of the
performance pay.

• Financial institutions: institution name, tier, district, organization size, in-
terest rate for 1 million, 5 million, and 7 million loan types offered.

• Borrowers: age, monthly profits, collateral, loan reason (business, personal),
loan amount, place of residence, and nationality.

Moreover, the data include outcome information: loan officers’ choice to meet, or
not meet, a borrower with similar characteristics (meeting request).

The data on real prospective borrowers come from a subsample of the beliefs
experiment respondents. These are 187 individuals from the 511 respondents in
the beliefs experiment who said they need a loan and agreed to be contacted with
information on where to apply for a loan. The data include age, monthly income,
collateral, requested loan amount, requested loan type, requested loan reason,
place of residence, and nationality.

Setup and Pre-Processing I split the preferences database into a training
set and a test data set, stratifying over the outcome variable. This is because
”meeting request” classes in the preferences database are unbalanced: 76% are in
class 1 (wants to meet), and 24% are in class 0 (does not want to meet). The test
sample contains 20% of the observations. After selecting the relevant variables, I
convert the education, financial knowledge, loan amount, and the stress variable
to ordered factors as well as convert all string variables and numerical dummies
to factor variables.

After the initial pre-processing, each model has its unique pre-processing steps.
In , these steps are defined in the respective recipe. In most models, I
include polynomials of degree 3 for continuous variables (loan officers’ and appli-
cants’ age, loan officers’ body mass, borrower profits). I standardize all predictors
and remove those with no variation. When necessary (e.g., in Lasso), I create
dummies for all non-continuous predictors and impute all missing values with a
nearest neighbor procedure.
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Training Process and Model Selection I use the training set to tune the
hyper parameters of each model. I first select the models and parameter combi-
nations that result in the highest AUC on the training data set. I then use the
test data set to compare the different models and select the preferred model. The
performance of the preferred model on unseen data is be assessed on the test data.
but before that, I tune the algorithm parameters on the trained data. I use fivefold
cross validation and a two-step procedure to find the optimal parameter: first, I
use a semi-random set of parameter values for the first grid. In a second step,
based on the results from this first grid, I used Bayes optimization to estimate
additional models around the parameter combinations that resulted in the highest
AUC in the first tuning step.

The models with the highest test AUCs are the gradient boosting classifiers
(extreme gradient boosting) followed very closely by a random forest classifier.
Gradient boosting models are more complex, require more careful tuning, and are
prone to overfitting. Given the limited test data available, I chose to rely on the
simpler random forest model. The preferred random forest model is run with the
ranger engine and includes polynomial variables for age and BMI of the loan officer
as well as age and profits of the applicants. It also imputes missing data using
nearest neighbors (three neighbors), uses numeric scores for all ordered categorical
variables, and reduces the number of levels of variables by grouping infrequent
categories into a new “other” category. I fit the random forest model with optimal
parameters one last time to the entire available data.

Matching and Referrals To match borrowers and lenders, I merge the bor-
rower data with the preferences data. Then, I apply the trained model to the
merged database to predict a meeting request probability for each borrower-loan
officer pair. The result of the classification exercise, the probability score, is a vari-
able between 0 and 1, indicating the probability that a given loan officer would
want to meet that applicant. Finally, I select those matches that are classified as
positive by the algorithm, and among these I select the best match (the highest
probability score). The process is successful, and I obtain a recommendation for
each prospective borrower.

C.4 Robustness Checks
No Evidence of Order Effects In the credit experiment, the order of the in-
formation treatment is not randomized: loan officers first evaluate profiles without
information and later evaluate profiles with self-reported financial information.
Randomizing the order may have induced loan officers to think that the amount of
information displayed was a strategic choice of the borrower rather than a design
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choice. For example, they may have assumed that borrowers who did not present
collateral information had no collateral.

At the same time, one may worry that lack of treatment randomization could
bias the results, if evaluating an application has spillovers on future evaluations
(e.g., if people get tired). To investigate whether this is a relevant concern, I test
whether applications presented later to loan officers (within a given arm) are rated
systematically differently. I generate a dummy variable that indicates whether a
given application was displayed in the first half (1–5) or in the second half (6–10)
and test for the heterogeneity by order at baseline, and in the effect of body mass
in a regression including both loan officer and information treatment fixed effects.
Appendix Table G.4 summarizes the results: there is no evidence of order effects,
and, most notably, there is no significant interaction of order with body mass.

Randomization Inference The credit experiment results are consistent, large,
and therefore unlikely to have occurred by chance. In this section, I demon-
strate this with a simulation exercise following Athey and Imbens (2017), who
recommend randomization-based statistical inference for significance tests. This
approach calculates the likelihood of obtaining the observed treatment effects by
random chance, where the randomness comes from an assignment of a fixed num-
ber of units (in our case, high schools) to treatment rather than from the random
sampling of a population.

I focus on the main results: the benefits in access to credit in the pooled analy-
sis. Using the experimental data, I re-assign the applications’ obesity status using
the same procedure used in the original randomization, and I estimate treatment
effects based on this reassignment. I repeat this procedure 10,000 times to gen-
erate a distribution of potential treatment effects that could be due to baseline
differences of applications and loan officers when they are combined together. For
each outcome, I calculate the share of the 10,000 simulated treatment-control dif-
ferences that is larger in absolute value than the difference observed in the actual
random assignment discussed throughout the paper. This proportion represents
the randomization-based -value.

The results are summarized in Figure G.5, where I plot the distribution of
treatment effects from the 10,000 iterations for a selection of outcomes. The dashed
vertical line in each graph plots the actual treatment effect. The analysis confirms
that the findings cannot be explained by random differences between the loan
officers and applications including a portrait in its obese version.
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�J���H���r�B �b�m�`�p�2�v �2�t�T�H�Q�B�i�b �Q�M�H�v �i�r�Q �T�Q�`�i�`���B�i�b �U�R �K���M ���M�/ �R �r�Q�K���M�V�- �7�Q�` �� �i�Q�i���H �Q�7 �7�Q�m�`
�T�?�Q�i�Q�@�K�Q�`�T�?�2�/ �T�B�+�i�m�`�2�b�X �A �2�H�B�+�B�i �Q�M�H�v �b�2�+�Q�M�/�@�Q�`�/�2�` �#�2�H�B�2�7�b �U�M�Q�i �B�M�+�2�M�i�B�p�B�x�2�/�V�X �6�Q�`
�2���+�? �T�B�+�i�m�`�2�- �i�?�2 �`�2�b�T�Q�M�/�2�M�i�b ���`�2 ���b�F�2�/ �i�Q �;�m�2�b�b �?�Q�r �K���M�v �Q�m�i �Q�7 �R�y �T�2�Q�T�H�2 �r�Q�m�H�/
�`���i�2 �i�?�2 �B�M�/�B�p�B�/�m���H ���b �r�2���H�i�?�v�- �r�Q�m�H�/ �`���i�2 �i�?�2 �B�M�/�B�p�B�/�m���H ���b �#�2���m�i�B�7�m�H�- �r�Q�m�H�/ �;�B�p�2
�+�`�2�/�B�i �i�Q �i�?�2 �B�M�/�B�p�B�/�m���H�- �r�Q�m�H�/ �;�Q �Q�M �� �/���i�2 �r�B�i�? �i�?�2 �T�2�`�b�Q�M�- �Q�` �r�Q�m�H�/ �`�2�b�T�2�+�i �i�?�2
�B�M�/�B�p�B�/�m���H�b�ö ���/�K�Q�M�B�i�B�Q�M�b�X

�P�#�2�b�2 �B�M�/�B�p�B�/�m���H�b ���`�2 ���`�Q�m�M�/ �j�y �T�2�`�+�2�M�i���;�2 �T�Q�B�M�i�b �K�Q�`�2 �H�B�F�2�H�v �i�Q �#�2 �T�2�`�+�2�B�p�2�/
���b �r�2���H�i�?�v ���M�/ �b�H�B�;�?�i�H�v �K�Q�`�2 �H�B�F�2�H�v �i�Q �#�2 �T�2�`�+�2�B�p�2�/ ���b �+�`�2�/�B�i�r�Q�`�i�?�v�X �a�B�K�B�H���`�H�v�-

�N



�i�?�2 �2�z�2�+�i�b �Q�M �Q�i�?�2�` �Q�m�i�+�Q�K�2�b ���`�2 �M�Q�i �b�i���i�B�b�i�B�+���H�H�v �b�B�;�M�B�}�+���M�i �U���T�T�2�M�/�B�t �6�B�;�m�`�2
�:�X�e�V�X �*�Q�K�T���`���i�B�p�2 �r�B�i�? �i�?�2 �l�;���M�/���M �b���K�T�H�2�- �i�?�2 �J���H���r�B �b���K�T�H�2 �B�b �b�m�#�b�i���M�i�B���H�H�v
�T�Q�Q�`�2�` ���M�/ �H�2�b�b �2�/�m�+���i�2�/�X �h�?�2�b�2 �`�2�b�m�H�i�b�- �+�Q�K�#�B�M�2�/ �r�B�i�? �i�?�2 �2�t�i�2�M�b�B�p�2 �[�m���H�B�i���i�B�p�2
�H�B�i�2�`���i�m�`�2 �b�?�Q�r�B�M�; �2�p�B�/�2�M�+�2 �Q�7 �T�Q�b�B�i�B�p�2 �T�2�`�+�2�T�i�B�Q�M �Q�7 �7���i �#�Q�/�B�2�b ���+�`�Q�b�b �/�2�p�2�H�Q�T�B�M�;
�+�Q�m�M�i�`�B�2�b ���M�/�- �B�M �i�?�2 �T���b�i�- �B�M �1�m�`�Q�T�2 �Q�` �i�?�2 �l�a�- �b�m�;�;�2�b�i�b �i�?���i �Q�#�2�b�B�i�v �B�b �T�2�`�+�2�B�p�2�/
���b �� �b�B�;�M���H �Q�7 �r�2���H�i�? �B�M �T�Q�Q�` �+�Q�m�M�i�`�B�2�b �B�M �;�2�M�2�`���H�X

�1�X�k �_�2�T�H�B�+���i�B�Q�M �Q�M ���K���x�Q�M �J�h�m�`�F �U�l�a�V

�h�Q �7�m�`�i�?�2�` �B�M�p�2�b�i�B�;���i�2 �i�?�2 �2�t�i�2�`�M���H �p���H�B�/�B�i�v �Q�7 �i�?�2 �`�2�b�m�H�i�b�- �A �B�M�p�2�b�i�B�;���i�2 �r�?�2�i�?�2�`
�Q�#�2�b�B�i�v �B�b �2�t�T�H�Q�B�i�2�/ ���b �� �r�2���H�i�? �b�B�;�M���H �B�M �� �?�B�;�?�@�B�M�+�Q�K�2 �+�Q�m�M�i�`�v �b�2�i�i�B�M�;�X �6�B�`�b�i�- �b�B�M�+�2
�Q�#�2�b�B�i�v ���M�/ �r�2���H�i�? ���`�2 �M�2�;���i�B�p�2�H�v �+�Q�`�`�2�H���i�2�/ �B�M �`�B�+�? �+�Q�m�M�i�`�B�2�b �i�Q�/���v�- �Q�#�2�b�B�i�v �r�Q�m�H�/
�#�2 �� �b�B�;�M���H �Q�7 �#�2�B�M�; �T�Q�Q�`�X �J�Q�b�i �M�Q�i���#�H�v�- �?�Q�r�2�p�2�`�- �B�7 �i�?�2 �`�2�b�m�H�i�b �Q�M �i�?�2 ���b�v�K�K�2�i�`�B�+
�B�M�7�Q�`�K���i�B�Q�M �K�2�+�?���M�B�b�K ���`�2 �+�Q�`�`�2�+�i�- �Q�M�2 �b�?�Q�m�H�/ �M�Q�i �2�t�T�2�+�i �T�2�Q�T�H�2 �i�Q �`�2�H�v �K�m�+�? �Q�M
���T�T�2���`���M�+�2 �#�2�+���m�b�2 �Q�7 �i�?�2 �2�t�B�b�i�2�M�+�2 �Q�7 �#�2�i�i�2�` �p�2�`�B�}�+���i�B�Q�M �i�2�+�?�M�Q�H�Q�;�B�2�b�X

�h�Q �i�2�b�i �7�Q�` �i�?�2�b�2 �T�`�2�/�B�+�i�B�Q�M�b�- �A �`�2�T�H�B�+���i�2 �i�?�2 �#�2�H�B�2�7�b �2�t�T�2�`�B�K�2�M�i �Q�M ���K���x�Q�M
�J�h�m�`�F �B�M �a�T�`�B�M�; �k�y�k�y�X �A �b�2�H�2�+�i �`�2�b�T�Q�M�/�2�M�i�b �i�Q �#�2 �l�a �`�2�b�B�/�2�M�i�b�X �A �`�2�+�`�m�B�i �j�d �`�2�@
�b�T�Q�M�/�2�M�i�b�- �2���+�? �`���i�B�M�; �j �T�Q�`�i�`���B�i�b �7�Q�` �� �i�Q�i���H �Q�7 �R�R�R �Q�#�b�2�`�p���i�B�Q�M�b�X �h�?�B�b �B�b �� �b�K���H�H
�b���K�T�H�2�- �#�m�i �� �b�B�K�B�H���`�@�b�B�x�2�/ �T�B�H�Q�i �B�M �l�;���M�/�� �r���b ���#�H�2 �i�Q �/�2�i�2�+�i �b�i���i�B�b�i�B�+���H�H�v �b�B�;�M�B�}�@
�+���M�i �2�z�2�+�i�b �Q�7 �Q�#�2�b�B�i�v �Q�M �r�2���H�i�? �#�2�H�B�2�7�b�X �1���+�? �`�2�b�T�Q�M�/�2�M�i �`���i�2�b �2���+�? �T�Q�`�i�`���B�i �#�Q�i�?
�B�M �i�2�`�K�b �Q�7 �}�`�b�i�@ ���M�/ �b�2�+�Q�M�/�@�Q�`�/�2�` �#�2�H�B�2�7�b�- ���M�/ �i�?�2�B�` ���M�b�r�2�`�b ���`�2 �M�Q�i �B�M�+�2�M�i�B�p�B�x�2�/�X

�_�2�b�T�Q�M�/�2�M�i�b �`���i�2 �T�Q�`�i�`���B�i�b �B�M �i�2�`�K�b �Q�7 �M�B�M�2 �+�?���`���+�i�2�`�B�b�i�B�+�b�c �b�2�p�2�M �i�`���B�i�b �U�r�2���H�i�?�-
�#�2���m�i�v�- �?�2���H�i�?�- �H�B�7�2 �2�t�T�2�+�i���M�+�v�- �b�2�H�7�@�+�Q�M�i�`�Q�H�- ���#�B�H�B�i�v�- ���M�/ �i�`�m�b�i�r�Q�`�i�?�B�M�2�b�b�V ���`�2 �i�?�2
�p�2�`�v �b���K�2 ���b �B�M �i�?�2 �Q�`�B�;�B�M���H �#�2�H�B�2�7�b �2�t�T�2�`�B�K�2�M�i�X �h�?�2 �`�2�K���B�M�B�M�; �i�r�Q ���H�H�Q�r �K�2
�i�Q �K�2���b�m�`�2 �Q�#�2�b�B�i�v �T�`�2�K�B�m�K �Q�` �T�2�M���H�i�v �B�M �+�`�2�/�B�i �K���`�F�2�i�b�, �+�`�2�/�B�i�r�Q�`�i�?�B�M�2�b�b ���M�/
�r�B�H�H�B�M�;�M�2�b�b �i�Q �H�2�M�/ �K�Q�M�2�v�X ���H�H �`�2�b�T�Q�M�b�2�b ���`�2 �Q�M �� �b�+���H�2 �7�`�Q�K �R �i�Q �9�- ���b �B�M �i�?�2
�Q�`�B�;�B�M���H �2�t�T�2�`�B�K�2�M�i�X ���T�T�2�M�/�B�t �6�B�;�m�`�2 �:�X�d �b�?�Q�r�b �i�?�2 �`�2�b�m�H�i�b�X �P�#�2�b�2 �T�Q�`�i�`���B�i�b
���`�2 ���b�b�Q�+�B���i�2�/ �r�B�i�? �r�Q�`�b�2 �`���i�B�M�;�b ���H�Q�M�; ���H�H �Q�m�i�+�Q�K�2�b�X �h�?�2 �/�B�z�2�`�2�M�+�2 �B�M �`���i�B�M�;�b�-
�?�Q�r�2�p�2�`�- �B�b �M�Q�i �b�i���i�B�b�i�B�+���H�H�v �/�B�z�2�`�2�M�i �7�`�Q�K �x�2�`�Q �2�t�+�2�T�i �7�Q�` �#�2���m�i�v�X �h�?�2 �2�z�2�+�i�b ���`�2
���H�b�Q �B�M �b�K���H�H�2�` �B�M �K���;�M�B�i�m�/�2 ���b �+�Q�K�T���`�2�/ �i�Q �i�?�2 �l�;���M�/���M �2�t�T�2�`�B�K�2�M�i�X �A �B�M�i�2�`�T�`�2�i
�i�?�2�b�2 �`�2�b�m�H�i�b ���b �b�m�;�;�2�b�i�B�p�2 �i�?���i �Q�#�2�b�B�i�v �B�b �b�i�B�;�K���i�B�x�2�/ �B�M �i�?�2 �l�a �+�Q�M�i�2�t�i�- �#�m�i �B�i
�B�b �M�Q�i �2�t�T�H�Q�B�i�2�/ ���b �� �r�2���H�i�? �b�B�;�M���H ���b �B�M �T�Q�Q�` �+�Q�m�M�i�`�B�2�b�- �H�B�F�2�H�v �#�2�+���m�b�2 �Q�7 �H�Q�r�2�`
���b�v�K�K�2�i�`�B�+ �B�M�7�Q�`�K���i�B�Q�M �T�`�Q�#�H�2�K�b�X

�6 �a�m�;���` �"�2�p�2�`���;�2 �h���t ���M�/ �q�2�B�;�?�i �:���B�M �"�2�M�2�}�i�b

�"�m�B�H�/�B�M�; �Q�M ���H�H�+�Q�i�i �2�i ���H�X �U�k�y�R�N�V�- �?�2�M�+�2�7�Q�`�i�? ���G�h�- �A �M�Q�r �/�2�b�+�`�B�#�2 �?�Q�r ���+�+�Q�m�M�i�B�M�;
�7�Q�` �i�?�2 �Q�#�2�b�B�i�v �#�2�M�2�}�i�b �+���M ���z�2�+�i �i�?�2 �+���H�B�#�`���i�B�Q�M �Q�7 �Q�#�2�b�B�i�v �T�`�2�p�2�M�i�B�Q�M �T�Q�H�B�+�B�2�b �#�v
�7�Q�+�m�b�B�M�; �Q�M �i�?�2 �Q�T�i�B�K���H �b�m�;���` �#�2�p�2�`���;�2 �i���t �2�t���K�T�H�2�X ���G�h �/�2�p�2�H�Q�T�b �� �i�?�2�Q�`�2�i�B�+���H
�7�`���K�2�r�Q�`�F �7�Q�` �Q�T�i�B�K���H �b�B�M �i���t�2�b ���M�/ �2�t�T�H�Q�B�i�b �B�i �i�Q �2�b�i�B�K���i�2 �i�?�2 �Q�T�i�B�K���H �b�Q�/�� �i���t

�R�y



�B�M �i�?�2 �l�a�X �h�?�2 �b�i�`�2�M�;�i�? �Q�7 �i�?�B�b �7�`���K�2�r�Q�`�F �B�b �i�?���i �B�i �/�2�H�B�p�2�`�b �2�K�T�B�`�B�+���H�H�v �B�K�T�H�2�@
�K�2�M�i���#�H�2 �b�m�{�+�B�2�M�i �b�i���i�B�b�i�B�+�b �7�Q�`�K�m�H���b �7�Q�` �i�?�2 �Q�T�i�B�K���H �+�Q�K�K�Q�/�B�i�v �i���t�- �r�?�B�+�? �+���M
�#�2 �2�b�i�B�K���i�2�/ �B�M �� �r�B�/�2 �p���`�B�2�i�v �Q�7 �2�K�T�B�`�B�+���H ���T�T�H�B�+���i�B�Q�M�b�X �h�Q �2�b�i�B�K���i�2 �?�Q�r ���+�@
�+�Q�m�M�i�B�M�; �7�Q�` �Q�#�2�b�B�i�v �#�2�M�2�}�i�b �r�Q�m�H�/ ���z�2�+�i �i�?�2 �Q�T�i�B�K���H �b�m�;���` �i���t �U�#�2�p�2�`���;�2�b�V �B�M �i�?�2
�l�;���M�/���M �+�Q�M�i�2�t�i�- �A �T�`�Q�+�2�2�/ �B�M �i�r�Q �b�i�2�T�b�, �U�R�V �A �2�t�T�H�Q�B�i �2�[�m���i�B�Q�M �U�R�V �i�Q �2�b�i�B�K���i�2 ��
�#�2�M�+�?�K���`�F �7�Q�` �i�?�2 �l�;���M�/���M �b�m�;���` �i���t �B�M �i�?�2 ���#�b�2�M�+�2 �Q�7 �K�Q�M�2�i���`�v �Q�#�2�b�B�i�v �#�2�M�2�}�i�b�-
���M�/ �A �U�k�V �B�M�i�`�Q�/�m�+�2 �Q�#�2�b�B�i�v �#�2�M�2�}�i�b ���M�/ �B�M�p�2�b�i�B�;���i�2 �?�Q�r �i�?�2 �i���t �B�b ���z�2�+�i�2�/�X

�h�?�2 �2�[�m���i�B�Q�M �7�Q�` �i�?�2 �Q�T�i�B�K���H �b�B�M �i���t �B�M �i�?�2 ���G�h �7�`���K�2�r�Q�`�F �U�;�B�p�2�M �� �}�t�2�/
�B�M�+�Q�K�2 �i���t�V �B�b

t �
�
 (1 + � ) + e � p

�s�� c ((Cov[g(z); s(z)] + A)

1 + 1
�s�� c ((Cov[g(z); s(z)] + A)

; �U�R�V

�r�?�2�`�2A = E( T 0(z(� ))
1� T 0(z(� ) � z(� )�s(� )� (� )) : �
 �B�b �i�?�2 �#�B���b�-� �B�b �i�?�2 �`�2�/�B�b�i�`�B�#�m�i�B�p�2 �2�z�2�+�i �Q�7

�i�?�2 �+�Q�`�`�2�+�i�B�p�2 �K�Q�i�B�p�2�-e �K�2���b�m�`�2�b �i�?�2 �2�t�i�2�`�M���H�B�i�v �7�`�Q�K �i�?�2 �b�B�M �;�Q�Q�/ �+�Q�M�b�m�K�T�i�B�Q�M�-
g(z) ���`�2 �r�2�H�7���`�2 �r�2�B�;�?�i�b�-T(z) �B�b �i�?�2 �B�M�+�Q�K�2 �i���t�-�� c �B�b �i�?�2 �+�Q�K�T�2�M�b���i�2�/ �T�`�B�+�2
�2�H���b�i�B�+�B�i�v�- ���M�/� z �B�b �i�?�2 �+�Q�K�T�2�M�b���i�2�/ �2�H���b�i�B�+�B�i�v �Q�7 �B�M�+�Q�K�2 �`�2�H���i�B�p�2 �i�Q �i�?�2 �K���`�;�B�M���H
�i���t�X

�h�?�2 �l�;���M�/���M �+�Q�M�i�2�t�i �/�B�z�2�`�b �7�`�Q�K �i�?�2 �l�a �Q�M�2 �7�Q�` �i�?�`�2�2 �K���B�M �`�2���b�Q�M�b�X �6�B�`�b�i�-
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�b�m�;���`�v �#�2�p�2�`���;�2 �+�Q�M�b�m�K�T�i�B�Q�M �B�M�+�`�2���b�2�b �T�2�Q�T�H�2�ö�b �"�J�A ���M�/ �?�B�;�?�2�` �"�J�A �B�M�/�B�p�B�/�m���H�b
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�h�?�2 �2�z�2�+�i �Q�7 �}�M���M�+�B���H �#�2�M�2�}�i�b �Q�M �i�?�2 �i���t �/�2�T�2�M�/�b �Q�M(Cov[g(z); s(z)]) �- �i�?���i �B�b�-
�i�?�2 �+�Q�`�`�2�H���i�B�Q�M �#�2�i�r�2�2�M �r�2�H�7���`�2 �r�2�B�;�?�i�b ���M�/ �b�m�;���` �#�2�p�2�`���;�2 �+�Q�M�b�m�K�T�i�B�Q�M�X �q�?�2�M
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�J���B�M �_�2�T�Q�`�i�- �E���K�T���H���- �l�;���M�/���-�ô �h�2�+�?�M�B�+���H �_�2�T�Q�`�i �k�y�R�e�X
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