
Liquidity_Tobit.m
%***************************************************************************
%									    
%   "Liquidity Constraints and Imperfect Information in Subprime Lending"  
%  		   William Adams, Liran Einav, and Jon Levin		    
%  				September 2007				    
%									    
%	 		      Liquidity_Tobit.m				    
%									    
%***************************************************************************
%---------------------------------------------------------------------------
% PROGRAM DESCRIPTION							    
%---------------------------------------------------------------------------
%
% The programs in this file estimate a tobit default model with correlated 
% errors using maximum likelihood. The results are presented in Table A3.
%
%---------------------------------------------------------------------------
% variable declarations							    
%---------------------------------------------------------------------------
clear;

global N X1 X2 X3 K1 K2 K3;
global discountK actextraK PRICEK amtfinK mindpK;
global less more none fracpaid cenind obsdef cenpoint a;

%---------------------------------------------------------------------------
% variable declarations							    
%---------------------------------------------------------------------------
% See Liquidity_Overview.txt for variable descriptions.

load 'tobit_matrix';

%use only obs with available list price
ind = notarget;
appyear    = appyear(~ind);
appmonth   = appmonth(~ind);
city       = city(~ind);
gnum       = gnum(~ind);
targetK    = targetK(~ind);
PRICEK     = PRICEK(~ind);
discountK  = discountK(~ind);
actdownK   = actdownK(~ind);
mindpK     = mindpK(~ind);
actextraK  = actextraK(~ind);
amtfinK    = amtfinK(~ind);
APRMAX     = APRMAX(~ind);
TERM       = TERM(~ind);
car_char   = car_char(~ind,:);
buyer_char = buyer_char(~ind,:);
default	   = default(~ind);
censored   = censored(~ind);
fracpaid   = fracpaid(~ind);
fracobs    = fracobs(~ind);
notarget   = notarget(~ind);

%---------------------------------------------------------------------------
% define and rescale variables						    
%---------------------------------------------------------------------------
N=length(appyear); 

%define dummy variables
g=Dummies(gnum); 
y=Dummies(appyear); 
m=Dummies(appmonth); 
c=Dummies(city);
H=size(g,2); Y=size(y,2); M=size(m,2); C=size(c,2);

%define logical variables for future use
list = discountK<=0;
less = actextraK<=0; 
more = ~less;
none = fracpaid==0; 
paid = fracpaid==1; 
frac = ~none & ~paid;

%identify observations with censoring
G = 20;
obsdef = (~none & fracpaid<fracobs-1/G);
cenind = (~none & fracpaid>=fracobs-1/G);
cenpoint = fracobs;
cenpoint(cenind) = fracpaid(cenind);

%rescale variables
termY=TERM/12; 
apr100=APRMAX/100; 
buyer_char(:,3)=buyer_char(:,3)/100;

%---------------------------------------------------------------------------
% define X variables for regressions					    
%---------------------------------------------------------------------------
% X1 = variables of negotiated price equation
% X2 = variables of down payment equation, not including price
% X3 = variables of loan repayment equation, not including loan size = P-D
%---------------------------------------------------------------------------%

X1 = [ones(N,1) APRMAX TERM car_char buyer_char g(:,1:H-1) y(:,1:Y-1) m(:,1:M-1) c(:,2:C)];
X2 = [ones(N,1) APRMAX TERM car_char buyer_char g(:,1:H-1) y(:,1:Y-1) m(:,1:M-1) c(:,2:C)];
X3 = [ones(N,1) APRMAX TERM car_char buyer_char g(:,1:H-1) y(:,1:Y-1) m(:,1:M-1) c(:,2:C)];
K1 = size(X1,2); K2 = size(X2,2); K3 = size(X3,2);

%---------------------------------------------------------------------------
% Aside: Stata code for estimation of initial values
%---------------------------------------------------------------------------
%
% *discount regression (does not account for censoring at list price)
% reg discountK APRMAX TERM $car_char $buyer_char $GYMC if ~notarget
% predict signu, stdr
% gen signu2 = signu^2
% summ signu2
% 
% *down payment tobit
% tobit actextraK PRICEK APRMAX TERM $car_char $buyer_char $GYMC if ~notarget, ll(0)
% 
% *loan repayment tobit
% gen centemp = (fracpaid>=fracobserved-0.05)
% replace centemp = -1 if fracpaid==0
% gen logfrac = log(fracpaid + 0.1)
% cnreg logfrac amtfinK APRMAX TERM $car_char $buyer_char $GYMC if ~notarget, censored(centemp)
%
%---------------------------------------------------------------------------
% load initial parameter values from Stata				    
%---------------------------------------------------------------------------

Lambda = [2.355673; 0.0220376; -0.0594517; 0.0454244; 0.1782281; 0.009699; 0.0018761; 0.1924755; -0.069119; -0.0131158; 0.0001614; 0.0279444; 0.014422; -0.0025638; 0.2306995; 0.1842244; 0.0952119; 0.0255784; -0.0424883; -0.0174769; -0.0260304; -0.3166399; 0.0156836; 0.0470582; -0.0363171; -0.0494754; -0.0514973; -0.074112; -0.0707547; -0.0314454; -0.0500035; -0.0517863; -0.0320127; -0.0222091; -0.0199889; -0.0238367; -0.0342259; 0.0220339; -0.0477336; -0.0661132; 0.1543628; -0.0963362; -0.1607775; -0.0924718; 0.0617637; 0.1530496];
Beta   = [-0.6312203; 0.0175901; -0.0437394; 0.270221; 0.3615994; 0.0108282; -0.0031041; -0.0590933; -0.0145625; -0.0169514; 0.0002067; 0.0322667; 0.0304126; 0.0315047; 0.8822421; 0.5874558; 0.5437249; 0.4700718; 0.3303079; 0.1639273; 0.0994049; 0.1754867; 0.0050792; -0.0461435; 0.1345744; 0.2980447; 0.1227112; 0.0526174; -0.0393635; -0.0542281; -0.0774024; -0.0572881; 0.0021515; -0.0039381; -0.0044243; -0.1531237; -0.165023; -0.0313708; -0.0180261; 0.0555867; 0.002874; -0.0333505; -0.1372529; 0.1014332; -0.1067469; 0.0979848];
Gamma  = [0.9434151; -0.0187358; -0.0063703; 0.2307967; 0.0656233; -0.0253436; -0.0097914; -0.0570881; 0.0518829; 0.0047412; -0.0000392; 0.176951; 0.0095039; -0.0472058; 0.7012922; 0.53604; 0.3637938; 0.1854706; 0.0770793; -0.0186748; -0.0443668; -0.0619662; 0.0514979; 0.113502; 0.0248474; 0.0057224; 0.0493829; 0.0142582; -0.0144105; 0.0013072; -0.0186638; -0.0114525; -0.0032185; -0.0258561; -0.0074408; -0.1340544; -0.0918268; -0.0086956; -0.0672044; 0.012389; -0.0095985; 0.0454667; -0.0513791; 0.0466917; -0.0154376; 0.1593602];
Sigma = [0.2874394; 0.4841102; 1.0231626; 0; 0; 0]; 
BetaP = 0.0209805;
GammaL = -0.2090039;
par = [Lambda; Beta; BetaP; Gamma; GammaL; Sigma];
a = 0.1; % cutoff for loans with fracpaid=0 in default tobit

%---------------------------------------------------------------------------
% maximize likelihood function						    
%---------------------------------------------------------------------------

tic
myoptions = optimset('MaxIter',100000,'TolFun',1e-5,'TolX',1e-5,'MaxFunEvals',10000000,'Display','iter');
x1 = fminunc('tobit_likelihood',par,myoptions);
x1(K1+K2+K3+7) = x1(K1+K2+K3+6)*x1(K1+K2+K3+8);
x1
toc
  
%---------------------------------------------------------------------------
% calculate standard error of amtfin coefficient using empirical Hessian
%---------------------------------------------------------------------------

h = 1e-7;
partemp = par;
xmid = partemp;
partemp(140) = par(140) + h;
xhi  = partemp;
partemp(140) = par(140) - h;
xlow = partemp;
Fmid = -BC_tobit_likelihood(xmid)
Fhi  = -BC_tobit_likelihood(xhi)
Flow = -BC_tobit_likelihood(xlow)
SecondDeriv = (Fhi + Flow - 2*Fmid)/(h^2)
Vhat = -1/(SecondDeriv/N)

%---------------------------------------------------------------------------
% calculate marginal effect of amtfin on default probability
%---------------------------------------------------------------------------

h = 1e-7;
AFmid = amtfinK;
AFhi  = amtfinK + h;
AFlow = amtfinK - h;
Prmid = mean(tobit_default_prob(par,AFmid))
Prhi  = mean(tobit_default_prob(par,AFhi))
Prlow = mean(tobit_default_prob(par,AFlow))
MarginalEffect = (Prhi - Prlow)/(2*h)

%---------------------------------------------------------------------------
% end of program
%---------------------------------------------------------------------------

%***************************************************************************

%---------------------------------------------------------------------------
% tobit_likelihood.m
%--------------------------------------------------------------------------
% 
% Outputs the likelihood function(s) for Liquidity Constraints tobits.
%
%--------------------------------------------------------------------------
% variable declarations
%--------------------------------------------------------------------------

function [loglike] = tobit_likelihood(par)

global N X1 X2 X3;
global discountK actextraK PRICEK amtfinK mindpK;
global less more none fracpaid cenind obsdef cenpoint a;

%--------------------------------------------------------------------------
% variable declarations
%--------------------------------------------------------------------------
% define parameters
[Lambda Beta BetaP Gamma GammaL Signu2 Sigeps2 Sigeta2 Rho_nueps Rho_nueta Rho_epseta] = tobit_define_pars(par);
Signu2     = abs(Signu2)  + 1e-6;
Sigeps2    = abs(Sigeps2) + 1e-6;
Sigeta2    = abs(Sigeta2) + 1e-6;
Rho_nueta  = Rho_nueps*Rho_epseta; %optional restriction

% compute fitted values
XLambda = X1*Lambda;
XBeta   = [X2 PRICEK]*[Beta; BetaP];
XGamma  = [X3 amtfinK]*[Gamma; GammaL];

%--------------------------------------------------------------------------
% price negotiation equation: define probabilities for likelihood function
%--------------------------------------------------------------------------
% note: we do not account for censoring at list price

pr_price = 1e-99*ones(N,1) + normpdf(discountK,XLambda,Signu2^0.5);

%--------------------------------------------------------------------------
% down payment equation: define probabilities for likelihood function
%--------------------------------------------------------------------------

% calculate mean and variance of epsilon conditional on nu
A = Rho_nueps*(Signu2*Sigeps2)^0.5;
B = Signu2;
C = (discountK-XLambda)';
downmean = (A'*inv(B)*C)';
downvar  = Sigeps2 - A'*inv(B)*A;

% cdf for lessmindown observations (actextraK<=0)
temp = less;
pr_lessmd        = 1e-99*ones(N,1);
pr_lessmd(temp)  = pr_lessmd(temp) + normcdf(-XBeta(temp)-downmean(temp),0,downvar^0.5);
pr_lessmd(~temp) = 1e-99;

% pdf for observed extra down (actextraK>0)
temp = more;
pr_moremd        = 1e-99*ones(N,1);
pr_moremd(temp)  = pr_moremd(temp) + normpdf(actextraK(temp)-XBeta(temp)-downmean(temp),0,downvar^0.5);
pr_moremd(~temp) = 1e-99;

%--------------------------------------------------------------------------
% loan repayment equation: define probabilities with no correlations
%--------------------------------------------------------------------------
%{
    % probability of making no payments (fracpaid <= 0)
    temp           = none;
    pr_none        = 1e-99*ones(N,1);
    pr_none(temp)  = pr_none(temp) + normcdf(log(a)-XGamma(temp),0,Sigeta2^0.5);
    pr_none(~temp) = 1e-99;

    % probability of full payment (fracpaid >= censoring point)
    temp           = cenind;
    pr_paid        = 1e-99*ones(N,1);
    pr_paid(temp)  = pr_paid(temp) + normcdf(-log(a+cenpoint(temp))+XGamma(temp),0,Sigeta2^0.5);
    pr_paid(~temp) = 1e-99;

    % pdf of fracpaid conditional on 0 < fracpaid < censoring point
    temp           = obsdef;
    pr_frac        = 1e-99*ones(N,1);
    pr_frac(temp)  = pr_frac(temp) + normpdf(log(a+fracpaid(temp))-XGamma(temp),0,Sigeta2^0.5);
    pr_frac(~temp) = 1e-99;
%}
%--------------------------------------------------------------------------
% loan repayment equation: define probabilities when liquidity is observed
%--------------------------------------------------------------------------

% compute conditional mean and conditional variance
A = [Rho_nueta*(Signu2*Sigeta2)^0.5; Rho_epseta*(Sigeps2*Sigeta2)^0.5];
B = [Signu2 Rho_nueps*(Signu2*Sigeps2)^0.5; Rho_nueps*(Signu2*Sigeps2)^0.5 Sigeps2];
C = [(discountK-XLambda)'; (actextraK-XBeta)'];
condmean = (A'*inv(B)*C)';
condvar  = Sigeta2 - A'*inv(B)*A;

% probability of making no payments (fracpaid <= 0)
temp                = none & more;
pr_none_more        = 1e-99*ones(N,1);
pr_none_more(temp)  = pr_none_more(temp) + normcdf(log(a)-XGamma(temp)-condmean(temp),0,condvar^0.5);
pr_none_more(~temp) = 1e-99;

% probability of full payment (fracpaid >= censoring point)
temp                = cenind & more;
pr_paid_more        = 1e-99*ones(N,1);
pr_paid_more(temp)  = pr_paid_more(temp) + normcdf(-log(a+cenpoint(temp))+XGamma(temp)+condmean(temp),0,condvar^0.5);
pr_paid_more(~temp) = 1e-99;

% pdf of fracpaid conditional on 0 < fracpaid < censoring point
temp                = obsdef & more;
pr_frac_more       = 1e-99*ones(N,1);
pr_frac_more(temp) = pr_frac_more(temp) + normpdf(log(a+fracpaid(temp))-XGamma(temp)-condmean(temp),0,condvar^0.5);
pr_frac_more(~temp)= 1e-99;

%--------------------------------------------------------------------------
% loan repayment equation: define probabilities when liquidity is unobserved
%--------------------------------------------------------------------------

%set points for integral evaluation
Z = mindpK;
extraKA = -Z-0.1;      % desired down = -100
extraKB = zeros(N,1);  % desired down = minimum
extraKC = -Z/2;        % desired down = half of minimum
CA = [(discountK-XLambda)'; (extraKA-XBeta)'];
CB = [(discountK-XLambda)'; (extraKB-XBeta)'];
CC = [(discountK-XLambda)'; (extraKC-XBeta)'];
condmeanA = (A'*inv(B)*CA)';
condmeanB = (A'*inv(B)*CB)';
condmeanC = (A'*inv(B)*CC)';

% probability of making no payments (fracpaid <= 0)
temp                = none & less;
tempA               = normcdf(log(a)-XGamma(temp)-condmeanA(temp),0,condvar^0.5).*normpdf(extraKA(temp)-XBeta(temp)-downmean(temp),0,downvar^0.5);
tempB               = normcdf(log(a)-XGamma(temp)-condmeanB(temp),0,condvar^0.5).*normpdf(extraKB(temp)-XBeta(temp)-downmean(temp),0,downvar^0.5);
tempC               = normcdf(log(a)-XGamma(temp)-condmeanC(temp),0,condvar^0.5).*normpdf(extraKC(temp)-XBeta(temp)-downmean(temp),0,downvar^0.5);
intval              = ((Z(temp)/2).*tempA + (Z(temp)/4).*(tempC - tempA)) + ((Z(temp)/2).*tempB + (Z(temp)/4).*(tempC - tempB));
pr_none_less        = 1e-99*ones(N,1);
pr_none_less(temp)  = pr_none_less(temp)+intval./pr_lessmd(temp);
pr_none_less(~temp) = 1e-99;

% probability of full payment or censored (fracpaid >= censoring point)
temp                = cenind & less;
tempA               = normcdf(-log(a+cenpoint(temp))+XGamma(temp)+condmeanA(temp),0,condvar^0.5).*normpdf(extraKA(temp)-XBeta(temp)-downmean(temp),0,downvar^0.5);
tempB               = normcdf(-log(a+cenpoint(temp))+XGamma(temp)+condmeanB(temp),0,condvar^0.5).*normpdf(extraKB(temp)-XBeta(temp)-downmean(temp),0,downvar^0.5);
tempC               = normcdf(-log(a+cenpoint(temp))+XGamma(temp)+condmeanC(temp),0,condvar^0.5).*normpdf(extraKC(temp)-XBeta(temp)-downmean(temp),0,downvar^0.5);
intval              = ((Z(temp)/2).*tempA + (Z(temp)/4).*(tempC - tempA)) + ((Z(temp)/2).*tempB + (Z(temp)/4).*(tempC - tempB));
pr_paid_less        = 1e-99*ones(N,1);
pr_paid_less(temp)  = pr_paid_less(temp)+intval./pr_lessmd(temp);
pr_paid_less(~temp) = 1e-99;

% pdf of fracpaid conditional on 0 < fracpaid < censoring point
temp                = obsdef & less;
tempA               = normpdf(log(a+fracpaid(temp))-XGamma(temp)-condmeanA(temp),0,condvar^0.5).*normpdf(extraKA(temp)-XBeta(temp)-downmean(temp),0,downvar^0.5);
tempB               = normpdf(log(a+fracpaid(temp))-XGamma(temp)-condmeanB(temp),0,condvar^0.5).*normpdf(extraKB(temp)-XBeta(temp)-downmean(temp),0,downvar^0.5);
tempC               = normpdf(log(a+fracpaid(temp))-XGamma(temp)-condmeanC(temp),0,condvar^0.5).*normpdf(extraKC(temp)-XBeta(temp)-downmean(temp),0,downvar^0.5);
intval              = ((Z(temp)/2).*tempA + (Z(temp)/4).*(tempC - tempA)) + ((Z(temp)/2).*tempB + (Z(temp)/4).*(tempC - tempB));
pr_frac_less       = 1e-99*ones(N,1);
pr_frac_less(temp) = pr_frac_less(temp)+intval./pr_lessmd(temp);
pr_frac_less(~temp)= 1e-99;

%--------------------------------------------------------------------------
% calculate likelihood function
%--------------------------------------------------------------------------
% define regions for likelihood function
R2 = less & none;
R3 = less & cenind;
R4 = less & obsdef;
R5 = more & none;
R6 = more & cenind;
R7 = more & obsdef;

logL = log(pr_price) + R2.*(log(pr_lessmd)+log(pr_none_less)) + R3.*(log(pr_lessmd)+log(pr_paid_less)) + R4.*(log(pr_lessmd)+log(pr_frac_less)) + R5.*(log(pr_moremd)+log(pr_none_more)) + R6.*(log(pr_moremd)+log(pr_paid_more)) + R7.*(log(pr_moremd)+log(pr_frac_more));

% no correlations
%logL = log(pr_price) + R2.*(log(pr_lessmd)+log(pr_none)) + R3.*(log(pr_lessmd)+log(pr_paid)) + R4.*(log(pr_lessmd)+log(pr_frac)) + R5.*(log(pr_moremd)+log(pr_none)) + R6.*(log(pr_moremd)+log(pr_paid)) + R7.*(log(pr_moremd)+log(pr_frac));

loglike = - sum(logL);
if isnan(loglike),
    par
    return;
end;

%--------------------------------------------------------------------------
% output parameter and likelihood function values
%--------------------------------------------------------------------------

fid = fopen('out.txt','wt');
fprintf(fid,'L = %6.3f\n',loglike);
fprintf(fid,'%6.3f\n',par);
fclose(fid);
 
%--------------------------------------------------------------------------
% end of function
%--------------------------------------------------------------------------

%***************************************************************************

%--------------------------------------------------------------------------
% tobit_default_prob.m
%--------------------------------------------------------------------------
% 
% Outputs the probability of default for a given parameter vector
%
%--------------------------------------------------------------------------
% variable declarations
%--------------------------------------------------------------------------

function [prdefault] = BC_tobit_default_prob(par,AFtemp)

global N X1 X2 X3;
global discountK actextraK PRICEK amtfinK mindpK;
global less more none fracpaid cenind obsdef cenpoint a;

%--------------------------------------------------------------------------
% variable declarations
%--------------------------------------------------------------------------
% define parameters
[Lambda Beta BetaP Gamma GammaL Signu2 Sigeps2 Sigeta2 Rho_nueps Rho_nueta Rho_epseta] = tobit_define_pars(par);

% compute fitted values
XLambda = X1*Lambda;
XBeta   = [X2 PRICEK]*[Beta; BetaP];
XGamma  = [X3 AFtemp]*[Gamma; GammaL];

prpaid = zeros(N,1);

%--------------------------------------------------------------------------
% calculate price and down payment residuals
%--------------------------------------------------------------------------

% calculate mean and variance of epsilon conditional on nu
A = Rho_nueps*(Signu2*Sigeps2)^0.5;
B = Signu2;
C = (discountK-XLambda)';
downmean = (A'*inv(B)*C)';
downvar  = Sigeps2 - A'*inv(B)*A;

% calculate probability of putting minimum down
pr_lessmd = normcdf(-XBeta-downmean,0,downvar^0.5);

%--------------------------------------------------------------------------
% calculate default probability when liquidity is observed
%--------------------------------------------------------------------------

% compute conditional mean and conditional variance
A = [Rho_nueta*(Signu2*Sigeta2)^0.5; Rho_epseta*(Sigeps2*Sigeta2)^0.5];
B = [Signu2 Rho_nueps*(Signu2*Sigeps2)^0.5; Rho_nueps*(Signu2*Sigeps2)^0.5 Sigeps2];
C = [(discountK-XLambda)'; (actextraK-XBeta)'];
condmean = (A'*inv(B)*C)';
condvar  = Sigeta2 - A'*inv(B)*A;

% probability of full payment (fracpaid >= 1)
temp         = more;
prpaid(temp) = normcdf(-log(a+1)+XGamma(temp)+condmean(temp),0,condvar^0.5);

%--------------------------------------------------------------------------
% calculate default probability when liquidity is unobserved
%--------------------------------------------------------------------------

%set points for trapezoid method evaluation
Z = mindpK;
extraKA = -Z-0.1;      % desired down = -100
extraKB = zeros(N,1);  % desired down = minimum
extraKC = -Z/2;        % desired down = half of minimum
CA = [(discountK-XLambda)'; (extraKA-XBeta)'];
CB = [(discountK-XLambda)'; (extraKB-XBeta)'];
CC = [(discountK-XLambda)'; (extraKC-XBeta)'];
condmeanA = (A'*inv(B)*CA)';
condmeanB = (A'*inv(B)*CB)';
condmeanC = (A'*inv(B)*CC)';

% probability of full payment or censored (fracpaid >= 1)
temp         = less;
tempA        = normcdf(-log(a+1)+XGamma(temp)+condmeanA(temp),0,condvar^0.5).*normpdf(extraKA(temp)-XBeta(temp)-downmean(temp),0,downvar^0.5);
tempB        = normcdf(-log(a+1)+XGamma(temp)+condmeanB(temp),0,condvar^0.5).*normpdf(extraKB(temp)-XBeta(temp)-downmean(temp),0,downvar^0.5);
tempC        = normcdf(-log(a+1)+XGamma(temp)+condmeanC(temp),0,condvar^0.5).*normpdf(extraKC(temp)-XBeta(temp)-downmean(temp),0,downvar^0.5);
intval       = ((Z(temp)/2).*tempA + (Z(temp)/4).*(tempC - tempA)) + ((Z(temp)/2).*tempB + (Z(temp)/4).*(tempC - tempB));
prpaid(temp) = intval./pr_lessmd(temp);

%--------------------------------------------------------------------------
% calculate default probability with no correlations
%--------------------------------------------------------------------------

% probability of full payment (fracpaid >= 1)
prpaid  = normcdf(-log(a+1)+XGamma,0,Sigeta2^0.5);

%--------------------------------------------------------------------------
% calculate likelihood function
%--------------------------------------------------------------------------

prdefault = 1 - prpaid;

%--------------------------------------------------------------------------
% end of function
%--------------------------------------------------------------------------

%***************************************************************************

%--------------------------------------------------------------------------
% tobit_define_pars.m - parse parameter vector
%--------------------------------------------------------------------------

function [Lambda Beta BetaP Gamma GammaL Signu2 Sigeps2 Sigeta2 Rho_nueps Rho_nueta Rho_epseta] = tobit_define_pars(par)

global K1 K2 K3;

% define parameters
Lambda     = par(1:K1);               % price negotiation
Beta       = par(K1+1:K1+K2);         % purchase and down, X
BetaP      = par(K1+K2+1);            % purchase and down, P
Gamma      = par(K1+K2+2:K1+K2+1+K3); % loan repayment, X
GammaL     = par(K1+K2+K3+2);         % loan repayment, P-D
Signu2     = par(K1+K2+K3+3);         % covariance matrix
Sigeps2    = par(K1+K2+K3+4);         % ""
Sigeta2    = par(K1+K2+K3+5);         % ""
Rho_nueps  = par(K1+K2+K3+6);         % ""
Rho_nueta  = par(K1+K2+K3+7);         % ""
Rho_epseta = par(K1+K2+K3+8);         % ""

%--------------------------------------------------------------------------
% end of program
%--------------------------------------------------------------------------

%***************************************************************************

%--------------------------------------------------------------------------
% Dummies.m - create dummy variables from categorical variable
%--------------------------------------------------------------------------

function res = Dummies(x);

L = length(x);
Sorted_x = sort(x);

Values_Ind = [1; 1+find(Sorted_x(1:L-1)~=Sorted_x(2:L))];
Values = Sorted_x(Values_Ind);

D = length(Values);
res = zeros(L,D);

for i = 1:D,
    res(:,i) = (x==Values(i));
end;

%--------------------------------------------------------------------------
% end of program
%--------------------------------------------------------------------------





Liquidity_Bootstrap.do
*****************************************************************************
*									    *
*   "Liquidity Constraints and Imperfect Information in Subprime Lending"   *
*  		   William Adams, Liran Einav, and Jon Levin		    *
*  				September 2007				    *
*									    *
*	 		    Liquidity_Bootstrap.do			    *
*									    *
*****************************************************************************
*---------------------------------------------------------------------------*
* PROGRAM DESCRIPTION							    *
*---------------------------------------------------------------------------*
*
* This program prepares the data used to generate the results in Tables 2, 
* A1, and A2. The preparation proceeds in four steps.
*
* Step 1: The program draws a random sample, with replacement, from a
*	  dataset that contains information on personal characteristics for 
*	  all applicants and vehicle and transaction chars. for all buyers.
*	  If this step is skipped, the program simply inputs the observed 
*	  data, which is used to compute point estimates.
*	  
* Step 2: The program then groups observations into "cells" that are later 
*	  used to impute vehicle and transaction characteristics for non-
*	  buyers and to run cell-level regressions. The baseline definition 
*	  of a cell groups observations by city, week, credit grade, and 
*	  income level. This definition is used to compute the estimates in 
*	  Table 2, as well as those in the regression discontinuity and 
*	  alternative specification panels of Tables A1 & A2. Alternative 
*	  cells are also defined for the purpose of computing estimates for
*	  the first panel of Tables A1 & A2.
*
* Step 3: Using the baseline cell definition, the program imputes vehicle 
*	  and transaction characteristics for non-buyers.
*
* Step 4: The program then calls Liquidity_Tables_Demand.do, which runs the 
*	  regressions presented in Tables 2, A1, and A2.
*
*---------------------------------------------------------------------------*
* Iterate over bootstrap samples					    *
*---------------------------------------------------------------------------*
* Note: See Liquidity_Overview.txt for variable definitions.

forv b=1/50 {

	*-------------------------------------------------------------------*
	* Step 1: Create bootstrap sample (skip to use original data)       *
	*-------------------------------------------------------------------*
	*note: CRTRKnum = unique customer identification number
	
	use "Data_preimpute.dta", clear
	gsort city appyear appweek gclass -sale CRTRKnum
	set seed `b'
	bsample _N
		
	*-------------------------------------------------------------------*
	* Step 2: Cell Definition Baseline: City-Week-Credit-Income	    *
	*-------------------------------------------------------------------*
	*note: gclass = broad credit category (3 groups)
	*note: iclass = monthly income category (3 groups)

	*note: some cells combined to ensure all have at least one sale
	bys city appyear appweek gclass iclass: egen cellsales=sum(sale)
	count if cellsales==0	
	gen iclass2=iclass
	replace iclass2 = 1 if iclass==2 & cellsales==0
	replace iclass2 = 2 if iclass==1 & cellsales==0
	replace iclass2 = 2 if iclass==3 & cellsales==0
	drop cellsales
	bys city appyear appweek gclass iclass2: egen cellsales=sum(sale)
	count if cellsales==0
	gen gclass2=gclass
	replace gclass2 = 1 if gclass==2 & cellsales==0
	replace gclass2 = 2 if gclass==1 & cellsales==0
	replace gclass2 = 2 if gclass==3 & cellsales==0
	drop cellsales
	bys city appyear appweek gclass2 iclass2: egen cellsales=sum(sale)
	count if cellsales==0
	gen appweek2=appweek
	replace appweek2 = appweek + 1 if appweek<=51 & cellsales==0
	replace appweek2 = 1 if appyear<2004 & appweek==52 & cellsales==0
	replace appweek2 = 51 if appyear==2004 & appweek==52 & cellsales==0
	gen appyear2=appyear
	replace appyear2 = appyear + 1 if appyear<2004 & appweek==52 & cellsales==0
	drop cellsales
	bys city appyear2 appweek2 gclass2 iclass2: egen cellsales=sum(sale)
	count if cellsales==0
	replace appweek2 = 38 if appweek2==37 & cellsales==0
	replace appweek2 = 46 if appweek2==45 & cellsales==0
	replace appweek2 = 2  if appweek2==1 & cellsales==0
	drop cellsales
	bys city appyear2 appweek2 gclass2 iclass2: egen cellsales=sum(sale)
	count if cellsales==0
	gsort c appyear2 appweek2 gclass2 iclass2, gen(cell)
	drop cellsales iclass2 gclass2 appweek2 appyear2

	*-------------------------------------------------------------------*
	* Cell Definition Alternative #1: City-Month-Credit Category-Income *
	*-------------------------------------------------------------------*
	
	*note: some cells combined to ensure all have at least one sale
	bys city appyear appmonth gclass iclass: egen cellsales=sum(sale)
	count if cellsales==0
	gen iclass2=iclass
	replace iclass2 = 1 if iclass==2 & cellsales==0
	replace iclass2 = 2 if iclass==1 & cellsales==0
	replace iclass2 = 2 if iclass==3 & cellsales==0
	drop cellsales
	bys city appyear appmonth gclass iclass2: egen cellsales=sum(sale)
	count if cellsales==0
	gen gclass2=gclass
	replace gclass2 = 1 if gclass==2 & cellsales==0
	replace gclass2 = 2 if gclass==1 & cellsales==0
	replace gclass2 = 2 if gclass==3 & cellsales==0
	drop cellsales
	bys city appyear appmonth gclass2 iclass2: egen cellsales=sum(sale)
	count if cellsales==0
	gsort city appyear appmonth gclass2 iclass2, gen(cell_alt1)
	drop cellsales gclass2 iclass2

	*-------------------------------------------------------------------*
	* Cell Definition Alternative #2: City-Week-Credit Category	    *
	*-------------------------------------------------------------------*

	*note: some cells combined to ensure all have at least one sale
	bys city appyear appweek gclass: egen cellsales=sum(sale)
	count if cellsales==0
	gen gclass2=gclass
	replace gclass2 = 1 if gclass==2 & cellsales==0
	replace gclass2 = 2 if gclass==1 & cellsales==0
	replace gclass2 = 2 if gclass==3 & cellsales==0
	drop cellsales
	bys city appyear appweek gclass2: egen cellsales=sum(sale)
	count if cellsales==0
	gen appweek2 = appweek
	replace appweek2 = 46 if appweek2==44 & cellsales==0
	drop cellsales
	bys city appyear appweek2 gclass2: egen cellsales=sum(sale)
	count if cellsales==0
	gsort city appyear appweek2 gclass2, gen(cell_alt2)
	drop cellsales gclass2 appweek2

	*-------------------------------------------------------------------*
	* Cell Definition Alternative #3: City-Month-Credit Category	    *
	*-------------------------------------------------------------------*

	*note: some cells combined to ensure all have at least one sale
	bys city appyear appmonth gclass: egen cellsales=sum(sale)
	count if cellsales==0
	gen gclass2=gclass
	replace gclass2 = 1 if gclass==2 & cellsales==0
	replace gclass2 = 2 if gclass==1 & cellsales==0
	replace gclass2 = 2 if gclass==3 & cellsales==0
	drop cellsales
	bys city appyear appmonth gclass2: egen cellsales=sum(sale)
	count if cellsales==0
	gsort city appyear appmonth gclass2, gen(cell_alt3)
	drop cellsales gclass2
	
	*-------------------------------------------------------------------*
	* Cell Definition Alternative #4: City-Month-Fine Credit Category   *
	*-------------------------------------------------------------------*
	*note: gnum represents fine credit category (8 groups)
	
	*note: some cells combined to ensure all have at least one sale
	bys city appyear appmonth gnum: egen cellsales=sum(sale)
	count if cellsales==0
	gen gnum2=gnum
	replace gnum2 = 2 if gnum==1 & cellsales==0
	forv i=1/7 {
		replace gnum2 = `i' if gnum==`i'+1 & cellsales==0
		}
	drop cellsales
	bys city appyear appmonth gnum2: egen cellsales=sum(sale)
	count if cellsales==0
	replace gnum2 = 5 if gnum==7 & cellsales==0
	replace gnum2 = 6 if gnum==8 & cellsales==0
	drop cellsales
	bys city appyear appmonth gnum2: egen cellsales=sum(sale)
	count if cellsales==0
	replace gnum2 = 5 if gnum==8 & cellsales==0
	drop cellsales
	bys city appyear appmonth gnum2: egen cellsales=sum(sale)
	count if cellsales==0
	gsort city appyear appmonth gnum2, gen(cell_alt4)
	drop cellsales gnum2
	
	*-------------------------------------------------------------------*
	* Cell Definition Alternative #5: Dealership-Month-Credit Category  *
	*-------------------------------------------------------------------*
	
	*note: some cells combined to ensure all have at least one sale
	bys dealer appyear appmonth gclass: egen cellsales=sum(sale)
	count if cellsales==0
	gen gclass2=gclass
	replace gclass2 = 1 if gclass==2 & cellsales==0
	replace gclass2 = 2 if gclass==1 & cellsales==0
	replace gclass2 = 2 if gclass==3 & cellsales==0
	drop cellsales
	bys dealer appyear appmonth gclass2: egen cellsales=sum(sale)
	count if cellsales==0
	replace gclass2 = 1 if gclass==3 & cellsales==0
	replace gclass2 = 3 if gclass==1 & cellsales==0
	replace gclass2 = 3 if gclass==2 & cellsales==0
	drop cellsales
	bys dealer appyear appmonth gclass2: egen cellsales=sum(sale)
	count if cellsales==0
	gen dealer2 = dealer
	replace dealer2 = 10508 if dealer==10590 & cellsales==0
	replace dealer2 = 10507 if dealer==10506 & cellsales==0
	replace dealer2 = 10014 if dealer==10016 & cellsales==0
	replace dealer2 = 10208 if dealer==10207 & cellsales==0
	replace dealer2 = 10711 if dealer==10712 & cellsales==0
	drop cellsales
	bys dealer2 appyear appmonth gclass2: egen cellsales=sum(sale)
	count if cellsales==0
	replace d2 = 10507 if d==10590 & cellsales==0
	drop cellsales
	bys d2 appyear appmonth gclass2: egen cellsales=sum(sale)
	count if cellsales==0
	gsort d2 appyear appmonth gclass2, gen(cell_alt5)
	drop cellsales gclass2 dealer2
	
	*-------------------------------------------------------------------*
	* Step 3: Imputation using baseline cell definition		    *
	*-------------------------------------------------------------------*
	
	*draw numbers for imputation
	local c = `b' + 999
	set seed `c'
	gsort cell -sale CRTRKnum
	gen random = uniform()
	
	*assign cars to non-sales and impute car and offer characteristics
	gsort cell random
	replace STKNBR = STKNBR[_n-1] if STKNBR==. & cell==cell[_n-1]
	gsort cell -random
	replace STKNBR = STKNBR[_n-1] if STKNBR==. & cell==cell[_n-1]
	sort STKNBR
	foreach var of varlist PRICEH APRUSE TERM targetH notarget TCOSTH premium Car_Age Odom10K Lot_AgeM bucket {
		bys STKNBR: egen temp=mean(`var')
		replace `var' = temp if `var'==.
		drop temp
		}
	drop random

	*revise variables that depend on imputed car characteristics
	run "Liquidity_Postimpute.do"

	*note: imputation for alt. cells done in Liquidity_Tables_Demand.do.

	*-------------------------------------------------------------------*
	* Step 4: Run demand regressions				    *
	*-------------------------------------------------------------------*
	
	run "Liquidity_Tables_Demand.do"

*----------------------------------------------------------------------------
* End of bootstrap loop
*----------------------------------------------------------------------------

}





Liquidity_Figures.do
*****************************************************************************
*									    *
*   "Liquidity Constraints and Imperfect Information in Subprime Lending"   *
*  		   William Adams, Liran Einav, and Jon Levin		    *
*  				September 2007				    *
*									    *
*	 	             Liquidity_Figures.do			    *
*									    *
*****************************************************************************
*---------------------------------------------------------------------------*
* PROGRAM DESCRIPTION							    *
*---------------------------------------------------------------------------*
*
* This program generates output used to create Figures 1-3 and 5-7.
*
* See the readme file for variable descriptions.  
*
*---------------------------------------------------------------------------*
* LIST OF FIGURES 							    *
*---------------------------------------------------------------------------*
*
* Figure 1(a): 	Kernel Density of Fraction of Loan Paid Cond. on Default
* Figure 1(b): 	Rate of Return Histogram
* Figure 2(a): 	Seasonality in Applications and Sales
* Figure 2(b): 	Tax Credit Effects on Applications and Sales
* Figure 3:	The Effect (or Lack Thereof) of Prices on Car Choices
* Figure 5(a):	Probability of Payment vs. Loan Amount
* Figure 5(b):	Probability of Payment by Risk Type and Down Payment
* Figure 6(a):	Expected Loan Payments vs. Loan Amount
* Figure 6(b):	Offer Curves
* Figure 7(a):	Scatter Plot of Desired Down Payment vs. Default Prob.
* Figure 7(b):	Scatter Plot of Actual Down Payment vs. Default Prob.
*
*---------------------------------------------------------------------------*
* FIGURE 1(a): Kernel density of fraction of loan paid cond. on default	    *
*---------------------------------------------------------------------------*
*note: censored = 0 if loan term ends before end of data, 0 otherwise

gen points=_n/100 if _n<=100
gen fracden=fracpaid if sale & ~censored & default & NTPLFT>0

kdensity fracden if group==1, nogr at(points) gen(x1 y1)
kdensity fracden if group==2, nogr at(points) gen(x2 y2)
kdensity fracden if group==3, nogr at(points) gen(x3 y3)

*---------------------------------------------------------------------------*
* FIGURE 1(b): Rate of return histogram					    *
*---------------------------------------------------------------------------*
* Pmt_Type	Frequency of regular payments (weekly, biweekly, etc)
* REGPMT	Regular payment amount
* NPMTS		Number of regular payments scheduled
* numpmtsmade 	Number of regular payments made
* pvrecovery	Present value of vehicle recovery (for defaulters)
* taxfees	Sum of sales tax and various fees (title, smog, etc)
* nettrade	Diff b/w market value of trade-in and value credited to buyer
*---------------------------------------------------------------------------*
	
global INTRATE = 0.10
global capitalcost = 100

gen delta     = 1/(1 + $INTRATE/12) if Pmt_Type == "M"
replace delta = 1/(1 + $INTRATE/24) if Pmt_Type == "S"
replace delta = 1/(1 + $INTRATE/26) if Pmt_Type == "B"
replace delta = 1/(1 + $INTRATE/52) if Pmt_Type == "W"

gen loanpayments     = REGPMT * delta * (1 - delta^numpmtsmade) / (1 - delta)
replace loanpayments = REGPMT * delta * (1 - delta^NPMTS) / (1 - delta) if paid

gen grossrevenue = Total_Down + loanpayments + pvrecovery
gen netrevenue = grossrevenue - taxfees - nettrade
gen cost   = Total_Cost + $capitalcost
gen profit = netrevenue - cost
gen margin = profit/cost
	
hist margin if sale & ~censored, start(-1) width(0.1)
hist margin if sale & ~censored & default, start(-1) width(0.1)
hist margin if sale & ~censored & ~default, start(-1) width(0.1)

*---------------------------------------------------------------------------*
* FIGURE 2(a): Seasonality of Application and Sales			    *
*---------------------------------------------------------------------------*
	
sort appweek
by appweek: gen index=_n
by appweek: egen minyear=min(appyear)
by appweek: egen maxyear=max(appyear)
by appweek: gen weekly_apps=_N
by appweek: egen weekly_sales=sum(sold)

gen number_of_weeks=maxyear-minyear+1
replace weekly_apps=weekly_apps/number_of_weeks
replace weekly_sales=weekly_sales/number_of_weeks

*---------------------------------------------------------------------------*
* Figure 2(b): Tax Credit Effects on Applications and Sales		    *
*---------------------------------------------------------------------------*

*define income groups
gen incomegroup=1 if incomeK<1.5
replace incomegroup=2 if inrange(incomeK,1.5,1.99999)
replace incomegroup=3 if inrange(incomeK,2,2.99999)
replace incomegroup=4 if incomeK>=3

*define dependents groups
gen dependents=CRDEP
replace dependents=0 if CRDEP<=0
replace dependents=2 if CRDEP>=2

*calculate average annual incomes in each group
gen annual_income = incomeK*12*1000
table incomegroup dependents, contents(mean annual_income)

*count applicants and sales and calculate average close rate by month and group
forv d=0/2 {
	forv i=1/4 {
		tab appmonth sale if incomegroup==`i' & dependents==`d'
		reg sale appmonth_* if incomegroup==`i' & dependents==`d', noconst
		}
	}

*---------------------------------------------------------------------------*
* Figure 3: The Effect (or Lack Thereof) of Prices on Car Choices	    *
*---------------------------------------------------------------------------*

gen points=40.00+(_n-1)*0.500 if _n<=121
kdensity TCOSTH if appmonth==8 & appyear==2002, at(points) gen(x1 y1) width(4)
kdensity TCOSTH if appmonth==9 & appyear==2002, at(points) gen(x2 y2) width(4)
outsheet x1 y1 y2 using "Figure 3 data.csv" if _n<=121, comma replace
drop x1 x2 y1 y2

ksmirnov TCOSTH if (appmonth==8 | appmonth==9) & appyear==2002 & sale, by(appmonth)

*---------------------------------------------------------------------------*
* FIGURE 5(a): Probability of Payment vs. Loan Amount			    *
*---------------------------------------------------------------------------*

lowess paid amtfinH if gnum==2 & sale & ~censored, gen(y_low)
lowess paid amtfinH if gnum==4 & sale & ~censored, gen(y_med)
lowess paid amtfinH if gnum==6 & sale & ~censored, gen(y_high)

*---------------------------------------------------------------------------*
* FIGURE 5(b): Probability of Payment by Risk Type and Down Payment	    *
*---------------------------------------------------------------------------*

gen lessmindown  = actextraH <= 0
table gnum if sale & ~censored, contents(mean paid)
table gnum lessmindown if sale & ~censored, contents(mean paid)

*---------------------------------------------------------------------------*
* Figure 6(a): Expected Loan Payments vs. Loan Amount			    *
*---------------------------------------------------------------------------*

*Compute down payment residuals with list price instrument for price
ivtobit actextraH (PRICEH=targetH0 notarget) APRMAX TERM $car_char $buyer_char $GYMC if sale, ll(0)
predict xb, xb
predict e, e(.,0)
gen downresidiv=actextraH-xb if actextraH>0 & sale
replace downresidiv=e-xb if actextraH<=0 & sale
drop xb e

*Estimate proportional hazard model with down payment residual
replace fracpaid = 0.001 if fracpaid==0
stset fracpaid, failure(default)
stcox amtfinH APRMAX TERM downresidiv $car_char $buyer_char gclass1 gclass2 $YMC if sale, bases(sv)
stcurve, survival at(amtfinH=0 APRMAX=29.9 TERM=42 premium=0 gclass1=0 gclass2=0) outfile("Figure 6A survival.dta", replace)

*Output baseline survival curve
use "Figure 6A survival.dta", clear
sort _t
by _t: gen index=_n
outsheet _t surv using "Figure 6A survival.csv" if index==1, comma replace

*----------------------------------------------------------------------------
* FIGURE 6(b): Offer curves
*----------------------------------------------------------------------------
*note: actdownH = down payment in $100s

gen down_bucket=.
foreach k in 0 5 8 10 12 15 20 25 30 35 40 45 50 55 60 {
	replace down_bucket=`k' if actdownH>=`k' & sale
	}
replace down_bucket=0 if actdownH<0 & sale

tab down_bucket gnum if sale,m
tab down_bucket gnum if sale & inrange(SLDATE,mdy(4,15,2003),mdy(8,23,2004)),m

*----------------------------------------------------------------------------
* FIGURE 7: Bubble plots
*----------------------------------------------------------------------------
	
*default regression
replace fracpaid = 0.001 if fracpaid==0
stset fracpaid, failure(default)
stcox amtfinH APRMAX TERM $car_char $GYMC if sale, basesurv(sv)
	
stcurve, survival at(grade_1=1 grade_2=0 grade_3=0 grade_4=0 grade_5=0 grade_6=0 grade_7=0) outfile("Figure7_survival1.dta", replace)
stcurve, survival at(grade_1=0 grade_2=1 grade_3=0 grade_4=0 grade_5=0 grade_6=0 grade_7=0) outfile("Figure7_survival2.dta", replace)
stcurve, survival at(grade_1=0 grade_2=0 grade_3=1 grade_4=0 grade_5=0 grade_6=0 grade_7=0) outfile("Figure7_survival3.dta", replace)
stcurve, survival at(grade_1=0 grade_2=0 grade_3=0 grade_4=1 grade_5=0 grade_6=0 grade_7=0) outfile("Figure7_survival4.dta", replace)
stcurve, survival at(grade_1=0 grade_2=0 grade_3=0 grade_4=0 grade_5=1 grade_6=0 grade_7=0) outfile("Figure7_survival5.dta", replace)
stcurve, survival at(grade_1=0 grade_2=0 grade_3=0 grade_4=0 grade_5=0 grade_6=1 grade_7=0) outfile("Figure7_survival6.dta", replace)
stcurve, survival at(grade_1=0 grade_2=0 grade_3=0 grade_4=0 grade_5=0 grade_6=0 grade_7=1) outfile("Figure7_survival7.dta", replace)
stcurve, survival at(grade_1=0 grade_2=0 grade_3=0 grade_4=0 grade_5=0 grade_6=0 grade_7=0) outfile("Figure7_survival8.dta", replace)
	
forv i=1/8 {
	use Figure7_survival`i'.dta, clear
	summ surv if _t==1
	}
	
*de-mean variables for down payment regression
foreach var of varlist amtfinH PRICEH mindpH APRMAX TERM $car_char $GYMC {
	egen temp=mean(`var')
	replace `var'=`var'-temp
	drop temp
	}
	
*down payment regression
tobit actextraH PRICEH mindpH APRMAX TERM $car_char $GYMC if sale, ll(0)
	
*---------------------------------------------------------------------------*
* End of do file							    *
*---------------------------------------------------------------------------*




Liquidity_Tables_Default.do
*****************************************************************************
*									    *
*   "Liquidity Constraints and Imperfect Information in Subprime Lending"   *
*		   William Adams, Liran Einav, and Jon Levin		    *
*  				September 2007				    *
*									    *
*	 	          Liquidity_Tables_Default.do		    	    *
*									    *
*****************************************************************************
*---------------------------------------------------------------------------*
* PROGRAM DESCRIPTION							    *
*---------------------------------------------------------------------------*
*
* This program runs the regressions presented in Tables 3, 4, and A3.
* Since these regressions use only sale observations and thus do not rely on
* imputation, we do not compute bootstrap standard errors for the parameters 
* estimated here.
*
* Note: See the readme file for variable descriptions.  
*
*---------------------------------------------------------------------------*
* LIST OF TABLES 							    *
*---------------------------------------------------------------------------*
*
* Table 3: 	Tobit Estimates of Down Payment
* Table 4:	Proportional Hazard Model Estimates of Default
* Table A3: 	Effect of Amount Financed on Default - Robustness
*
*---------------------------------------------------------------------------*
* Table 3: Tobit Estimates of Down Payment				    *
*---------------------------------------------------------------------------*

*Column (1): No instruments
tobit actextraH PRICEH APRMAX TERM $car_char $buyer_char $GYMC if sale, ll(0)
predict xb, xb
predict e, e(.,0)
gen downresid=actextraH-xb if actextraH>0 & sale
replace downresid=e-xb if actextraH<=0 & sale
drop xb e
	
*Column (2): List price instrument for price
ivtobit actextraH (PRICEH=targetH0 notarget) APRMAX TERM $car_char $buyer_char $GYMC if sale, ll(0)
predict xb, xb
predict e, e(.,0)
gen downresidiv=actextraH-xb if actextraH>0 & sale
replace downresidiv=e-xb if actextraH<=0 & sale
drop xb e

*---------------------------------------------------------------------------*
* Table 4: Proportional Hazard Model Estimates of Default		    *
*---------------------------------------------------------------------------*
	
replace fracpaid = 0.001 if fracpaid==0
stset fracpaid, failure(default)

*Column (1): PHM with buyer chars and downresid
stcox amtfinH APRMAX TERM downresidiv $car_char $buyer_char $GYMC if sale

*Column (2): PHM with buyer chars
stcox amtfinH APRMAX TERM $car_char $buyer_char $GYMC if sale

*Column (3): PHM without buyer chars
stcox amtfinH APRMAX TERM $car_char $GYMC if sale

*Column (4): PHM without grades or buyer chars
stcox amtfinH APRMAX TERM $car_char appyear_* appmonth_* city_* if sale

*---------------------------------------------------------------------------*
* Table A3: Specification with negotiated price residual		    *
*---------------------------------------------------------------------------*
*note: discountH = targetH - PRICEH

*generate negotiated price residual
tobit discountH APRMAX TERM $car_char $buyer_char $GYMC if sale, ll(0)
predict xb, xb
predict e, e(.,0)
gen priceresid=discountH-xb if discountH>0 & sale
replace priceresid=e-xb if discountH<=0 & sale
drop xb e

*Column (1): PHM with down payment residual
stcox amtfinH APRMAX TERM downresidiv priceresid $car_char $buyer_char $GYMC if sale

*Column (2): PHM without down payment residual
stcox amtfinH APRMAX TERM priceresid $car_char $buyer_char $GYMC if sale

*---------------------------------------------------------------------------*
* Table A3: Specification with delayed down residual		    	    *
*---------------------------------------------------------------------------*
*note: isbumps = 1 if buyer made a delayed down payment, 0 otherwise

*generate delayed down residual
probit isbumps APRMAX TERM $car_char $buyer_char $GYMC if sale
predict xb, xb
gen bumpresid=normalden(-xb)/(1-normal(-xb)) if isbumps & sale
replace bumpresid=-normalden(-xb)/normal(-xb) if ~isbumps & sale
	
*Column (1): PHM with down payment residual
stcox amtfinH APRMAX TERM downresidiv bumpresid $car_char $buyer_char $GYMC if sale

*Column (2): PHM without down payment residual
stcox amtfinH APRMAX TERM bumpresid $car_char $buyer_char $GYMC if sale

*---------------------------------------------------------------------------*
* Table A3: Specification with both residuals			    	    *
*---------------------------------------------------------------------------*

*Column (1): PHM with down payment residual
stcox amtfinH APRMAX TERM downresidiv priceresid bumpresid $car_char $buyer_char $GYMC if sale

*Column (2): PHM without down payment residual
stcox amtfinH APRMAX TERM priceresid bumpresid $car_char $buyer_char $GYMC if sale

drop downresidiv

*---------------------------------------------------------------------------*
* Table A3: Regression discontinuity around minimum down payment changes    *
*---------------------------------------------------------------------------*
*note: regression discontinuity windows defined in demand file

*run regressions
foreach i in 7 14 30 60 {
	ivtobit actextraH (PRICEH=targetH0 notarget) APRMAX TERM $car_char $buyer_char $GYMC if RD_mindwn_`i' & sale, ll(0) difficult
	predict xb, xb
	predict e, e(.,0)
	gen downresidiv=actextraH-xb if actextraH>0 & sale
	replace downresidiv=e-xb if actextraH<=0 & sale
	stcox amtfinH APRMAX TERM downresidiv $car_char $buyer_char $GYMC if RD_mindwn_`i' & sale
	stcox amtfinH APRMAX TERM $car_char $buyer_char $GYMC if RD_mindwn_`i' & sale
	drop xb e downresidiv
	}

*---------------------------------------------------------------------------*
* Table A3: Regression discontinuity around margin changes		    *
*---------------------------------------------------------------------------*
*note: regression discontinuity windows defined in demand file

*run regressions
foreach t in 1 2 {
	foreach i in 7 14 30 60 {
		ivtobit actextraH (PRICEH=targetH0 notarget) APRMAX TERM $car_char $buyer_char $GYMC if RD_margin`t'_`i' & sale, ll(0) difficult
		predict xb, xb
		predict e, e(.,0)
		gen downresidiv=actextraH-xb if actextraH>0 & sale
		replace downresidiv=e-xb if actextraH<=0 & sale
		stcox amtfinH APRMAX TERM downresidiv $car_char $buyer_char $GYMC if RD_margin`t'_`i' & sale
		stcox amtfinH APRMAX TERM $car_char $buyer_char $GYMC if RD_margin`t'_`i' & sale
		drop xb e downresidiv
		}
	}

*---------------------------------------------------------------------------*
* Table A3: Regression discontinuity around cost bucket changes    	    *
*---------------------------------------------------------------------------*
*note: regression discontinuity windows defined in demand file

*run regressions
foreach i in 10 20 50 100 {
	forv j=1/11 {
		ivtobit actextraH (PRICEH=targetH0 notarget) APRMAX TERM $car_char $buyer_char $GYMC if RD_bucket_`i'==`j' & sale, ll(0) difficult
		predict xb, xb
		predict e, e(.,0)
		gen downresidiv=actextraH-xb if actextraH>0 & sale
		replace downresidiv=e-xb if actextraH<=0 & sale
		stcox amtfinH APRMAX TERM downresidiv $car_char $buyer_char $GYMC if RD_bucket_`i'==`j' & sale
		stcox amtfinH APRMAX TERM $car_char $buyer_char $GYMC if RD_bucket_`i'==`j' & sale
		drop xb e downresidiv
		}
}

*---------------------------------------------------------------------------*
* End of do file							    *
*---------------------------------------------------------------------------*




Liquidity_Tables_Demand.do
*****************************************************************************
*									    *
*   "Liquidity Constraints and Imperfect Information in Subprime Lending"   *
*  		   William Adams, Liran Einav, and Jon Levin		    *
*  				September 2007				    *
*									    *
*	 		  Liquidity_Tables_Demand.do			    *
*									    *
*****************************************************************************
*---------------------------------------------------------------------------*
* PROGRAM DESCRIPTION							    *
*---------------------------------------------------------------------------*
*
* This program runs the regressions presented in Tables 2, A1, and A2.
* The program is divided into two parts: (I) individual-level demand
* regressions, which use a sale dummy as the dependent variable, and (II)
* cell-level regressions, which use the log of the number of sales in a cell
* as the dependent variable.
*
* Note: See the readme file for variable definitions.
*
*---------------------------------------------------------------------------*
* LIST OF TABLES 							    *
*---------------------------------------------------------------------------*
*
* Table 2:	Purchasing Estimates
* Table A1: 	Effect of Minimum Down on Purchase - Robustness
* Table A2: 	Effect of Price on Purchase - Robustness
*
*---------------------------------------------------------------------------*
* Section I: Individual Level Demand Estimates (dep var. = sale dummy)	    *
*---------------------------------------------------------------------------*
*
*---------------------------------------------------------------------------*
* Table 2: Purchasing Estimates						    *
*---------------------------------------------------------------------------*
	
*Column (1): Probit with negotiated price
dprobit sale PRICEH mindpH APRMAX TERM $car_char $buyer_char $GYMC

*Column (2): IV probit with list price instrument
ivprobit sale (PRICEH=targetH0 notarget) mindpH APRMAX TERM $car_char $buyer_char $GYMC
mfx compute, predict(p) eq(sale)

*Column (3): IV probit with state dummy instruments
gen ivbucket=0
replace ivbucket = bucket if appdate>=mdy(09,01,2002)
forv i=1/12 {
	gen ivbucket_`i'=(ivbucket==`i')
	}
ivprobit sale (PRICEH=ivbucket_1-ivbucket_12) mindpH APRMAX TERM $car_char $buyer_char $GYMC
mfx compute, predict(p) eq(sale)

*Column (4): IV probit with state dummy instruments
ivprobit sale (PRICEH=tx fl) mindpH APRMAX TERM $car_char $buyer_char $GYM
mfx compute, predict(p) eq(sale)

*---------------------------------------------------------------------------*
* Table A1/A2: Specification with no credit category fixed effects	    *
*---------------------------------------------------------------------------*

*Column (1): no instruments
dprobit sale PRICEH mindpH APRMAX TERM $car_char $buyer_char $YMC

*Column (2): list price instruments
ivprobit sale (PRICEH=targetH0 notarget) mindpH APRMAX TERM $car_char $buyer_char $YMC
mfx compute, predict(p) eq(sale) var(PRICEH mindpH)

*Column (3): cost bucket instruments
ivprobit sale (PRICEH=ivbucket_1-ivbucket_12) mindpH APRMAX TERM $car_char $buyer_char $YMC
mfx compute, predict(p) eq(sale) var(PRICEH mindpH)

*Column (4): state instruments
ivprobit sale (PRICEH=tx fl) mindpH APRMAX TERM $car_char $buyer_char appyear_2001-appyear_2003 appmonth_1-appmonth_11
mfx compute, predict(p) eq(sale) var(PRICEH mindpH)

*---------------------------------------------------------------------------*
* Table A1/A2: Specification with credit fixed effects as instruments	    *
*---------------------------------------------------------------------------*

*Column (1): no other instruments
ivprobit sale PRICEH (mindpH=grade_1-grade_7) APRMAX TERM $car_char $buyer_char $YMC, difficult iter(50)
mfx compute, predict(p) eq(sale) var(PRICEH mindpH)

*Column (2): list price instruments
ivprobit sale (PRICEH mindpH=grade_1-grade_7 targetH0 notarget) APRMAX TERM $car_char $buyer_char $YMC, difficult iter(50)
mfx compute, predict(p) eq(sale) var(PRICEH mindpH)
	
*Column (3): cost bucket instruments
ivprobit sale (PRICEH mindpH=grade_1-grade_7 ivbucket_1-ivbucket_12) APRMAX TERM $car_char $buyer_char $YMC, difficult iter(50)
mfx compute, predict(p) eq(sale) var(PRICEH mindpH)

*Column (4): state instruments
ivprobit sale (PRICEH mindpH=grade_1-grade_7 tx fl) APRMAX TERM $car_char $buyer_char appyear_2001-appyear_2003 appmonth_1-appmonth_11, difficult iter(50)
mfx compute, predict(p) eq(sale) var(PRICEH mindpH)
	
*---------------------------------------------------------------------------*
* Table A1/A2: Regression discontinuity around minimum down changes	    *
*---------------------------------------------------------------------------*
*note: local variables mindwn_date`j' (j=1-21) are dates of min down changes

*identify observations
foreach i in 7 14 30 60 {
	qui gen RD_mindwn_`i'=0
	forv j=1/21 { 
		qui replace RD_mindwn_`i'=1 if inrange(appdate,mindwn_date`j'-`i',mindwn_date`j'+`i')
		}
	}

*run regressions
foreach i in 7 14 30 60 {
	dprobit sale PRICEH mindpH APRMAX TERM $car_char $buyer_char $GYMC if RD_mindwn_`i'
	ivprobit sale (PRICEH=targetH0 notarget) mindpH APRMAX TERM $car_char $buyer_char $GYMC if RD_mindwn_`i'
	mfx compute, predict(p) eq(sale) var(PRICEH mindpH)
	ivprobit sale (PRICEH=ivbucket_1-ivbucket_12) mindpH APRMAX TERM $car_char $buyer_char $GYMC if RD_mindwn_`i'
	mfx compute, predict(p) eq(sale) var(PRICEH mindpH)
	ivprobit sale (PRICEH=tx fl) mindpH APRMAX TERM $car_char $buyer_char $GYM if RD_mindwn_`i'
	mfx compute, predict(p) eq(sale) var(PRICEH mindpH)
	}

*---------------------------------------------------------------------------*
* Table A1/A2: Regression discontinuity around margin changes		    *
*---------------------------------------------------------------------------*

*identify observations
foreach i in 7 14 30 60 {
	qui gen RD_margin1_`i'=inrange(appdate,mdy(9,01,2002)-`i',mdy(9,01,2002)+`i')
	qui gen temp1`i'=inrange(appdate,mdy(6,18,2004)-`i',mdy(6,18,2004)+`i') & (c==103 | c==106 | c==108 | c==112)
	qui gen temp2`i'=inrange(appdate,mdy(9,11,2004)-`i',mdy(9,11,2004)+`i') & c==114
	qui gen RD_margin2_`i'=(RD_margin1_`i' | temp1`i' | temp2`i')
	}
drop temp*

*run regressions
foreach t in 1 2 {
	foreach i in 7 14 30 60 {
		dprobit sale PRICEH mindpH APRMAX TERM $car_char $buyer_char $GYMC if RD_margin`t'_`i'
		ivprobit sale (PRICEH=targetH0 notarget) mindpH APRMAX TERM $car_char $buyer_char $GYMC if RD_margin`t'_`i', difficult iter(50)
		mfx compute, predict(p) eq(sale) var(PRICEH mindpH)
		ivprobit sale (PRICEH=ivbucket_1-ivbucket_12) mindpH APRMAX TERM $car_char $buyer_char $GYMC if RD_margin`t'_`i', difficult iter(50)
		mfx compute, predict(p) eq(sale) var(PRICEH mindpH)
		ivprobit sale (PRICEH=tx fl) mindpH APRMAX TERM $car_char $buyer_char $GYM if RD_margin`t'_`i', difficult iter(50)
		mfx compute, predict(p) eq(sale) var(PRICEH mindpH)
		}
	}

*---------------------------------------------------------------------------*
* Table A1/A2: Regression discontinuity around cost bucket changes	    *
*---------------------------------------------------------------------------*

*identify observations
foreach i in 10 20 50 100 {
	qui gen RD_bucket_`i'=0
	forv j=1/11 { 
		qui replace RD_bucket_`i'=`j'  if inrange(TCOSTH*100,4000+500*`j'-`i',4000+500*`j'+`i')
		}
	}

*run regressions
foreach i in 10 20 50 100 {
	forv j=1/11 {
		dprobit sale PRICEH mindpH APRMAX TERM $car_char $buyer_char $GYMC if RD_bucket_`i'==`j'
		ivprobit sale (PRICEH=targetH0 notarget) mindpH APRMAX TERM $car_char $buyer_char $GYMC if RD_bucket_`i'==`j', difficult iter(20)
		mfx compute, predict(p) eq(sale) var(PRICEH mindpH)
		ivprobit sale (PRICEH=ivbucket_1-ivbucket_12) mindpH APRMAX TERM $car_char $buyer_char $GYMC if RD_bucket_`i'==`j', difficult iter(20)
		mfx compute, predict(p) eq(sale) var(PRICEH mindpH)
		ivprobit sale (PRICEH=tx fl) mindpH APRMAX TERM $car_char $buyer_char $GYM if RD_bucket_`i'==`j', difficult iter(20)
		mfx compute, predict(p) eq(sale) var(PRICEH mindpH)
		}
	}

*---------------------------------------------------------------------------*
* Table A1/A2: Alternative Imputations 					    *
*---------------------------------------------------------------------------*
*note: see Liquidity_Bootstrap.do for cell definitions

*loop over alternative cell definitions
forv i=1/5 {

	*assign cars to non-sales and impute car and offer characteristics
	gsort cell_alt`i' -sale CRTRKnum
	set seed 999+`i'
	gen random = uniform()
	replace STKNBR= . if ~sale
	gsort cell_alt`i' random
	replace STKNBR = STKNBR[_n-1] if STKNBR==. & cell_alt`i'==cell_alt`i'[_n-1]
	gsort cell_alt`i' -random
	replace STKNBR = STKNBR[_n-1] if STKNBR==. & cell_alt`i'==cell_alt`i'[_n-1]
	sort STKNBR
	foreach var of varlist PRICEH APRUSE TERM targetH notarget TCOSTH premium Car_Age Odom10K Lot_AgeM bucket ivbucket_* {
		replace `var' = . if ~sale
		bys STKNBR: egen temp=mean(`var')
		replace `var' = temp if `var'==.
		drop temp
		}
	drop random
	
	*revise variables that depend on imputed car characteristics
	run "Liquidity_Postimpute.do"

	*run regressions for Columns (1) through (4)
	dprobit sale PRICEH mindpH APRMAX TERM $car_char $buyer_char $GYMC
	ivprobit sale (PRICEH=targetH0 notarget) mindpH APRMAX TERM $car_char $buyer_char $GYMC
	mfx compute, predict(p) eq(sale) var(PRICEH mindpH)
	ivprobit sale (PRICEH=ivbucket_1-ivbucket_12) mindpH APRMAX TERM $car_char $buyer_char $GYMC
	mfx compute, predict(p) eq(sale) var(PRICEH mindpH)
	ivprobit sale (PRICEH=tx fl) mindpH APRMAX TERM $car_char $buyer_char $GYM
	mfx compute, predict(p) eq(sale) var(PRICEH mindpH)

	}

*---------------------------------------------------------------------------*
* Section II: Cell Level Demand Estimates (dep var. = log(sales))	    *
*---------------------------------------------------------------------------*
*
*---------------------------------------------------------------------------*
* Prep data for cell level regressions					    *
*---------------------------------------------------------------------------*

gen apps = 1
foreach var of varlist PRICEH targetH mindpH APRMAX TERM $car_char {
	qui replace `var' = . if ~sale
	}
compress
save cellready.dta, replace

*---------------------------------------------------------------------------*
* Table 2: Purchasing Estimates, Cell Level				    *
*---------------------------------------------------------------------------*

*collapse using baseline cell definitions
collapse (sum) apps sale (mean) PRICEH targetH mindpH APRMAX TERM $car_char $buyer_char grade_* appyear_* appmonth_* city_* RD_*, by(cell)
qui gen notarget = targetH==.
qui replace targetH = 0 if targetH==.
qui gen logsale=log(sale)
qui gen logapps=log(apps)

*Column (5): No instruments
reg logsale PRICEH mindpH APRMAX TERM $car_char $buyer_char $GYMC logapps [fweight=apps]

*Column (6): List price instrument
ivreg logsale (PRICEH=targetH notarget) mindpH APRMAX TERM $car_char $buyer_char $GYMC logapps [fweight=apps]
	
*---------------------------------------------------------------------------*
* Table A1/A2: Regression discontinuity specifications			    *
*---------------------------------------------------------------------------*

*minimum down change discontinuities
foreach i in 7 14 30 60 {
		reg logsale PRICEH mindpH APRMAX TERM $car_char $buyer_char $GYMC logapps [fweight=apps] if RD_mindwn_`i'>0
		ivreg logsale (PRICEH=targetH notarget) mindpH APRMAX TERM $car_char $buyer_char $GYMC logapps [fweight=apps] if RD_mindwn_`i'>0
}

*margin change discontinuities
foreach t in 1 2 {
	foreach i in 7 14 30 60 {
		reg logsale PRICEH mindpH APRMAX TERM $car_char $buyer_char $GYMC logapps [fweight=apps] if RD_margin`t'_`i'
		ivreg logsale (PRICEH=targetH notarget) mindpH APRMAX TERM $car_char $buyer_char $GYMC logapps [fweight=apps] if RD_margin`t'_`i'
	}
}

*---------------------------------------------------------------------------*
* Table A1/A2: Alternative cell definitions 				    *
*---------------------------------------------------------------------------*

forv i=1/5 {
	
	use cellready.dta, clear
	
	*collapse using alternative cell definitions
	collapse (sum) apps sale (mean) PRICEH targetH mindpH APRMAX TERM $car_char $buyer_char grade_* appyear_* appmonth_* city_*, by(cell_alt`i')
	qui gen notarget = targetH==.
	qui replace targetH = 0 if targetH==.
	qui gen logsale=log(sale)
	qui gen logapps=log(apps)

	*Column (5): No instruments
	reg logsale PRICEH mindpH APRMAX TERM $car_char $buyer_char $GYMC logapps [fweight=apps]

	*Column (6): List price instrument
	ivreg logsale (PRICEH=targetH notarget) mindpH APRMAX TERM $car_char $buyer_char $GYMC logapps [fweight=apps]
	}

*---------------------------------------------------------------------------*
* End of do file							    *
*---------------------------------------------------------------------------*
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Online Appendix to �Liquidity Constraints and Imperfect Information


in Subprime Lending,�by Adams, Einav, and Levin


This appendix reports estimates of the key parameters from various imputation strategies and


alternative speci�cations that attempt to isolate each key source of exogenous variation in the data.


Overall, we show here that the key results we report in the paper are quite stable. The one possible


exception is the parameter on car price in the purchasing model of Section II, which exhibits more


variation. Nevertheless, we show that our qualitative conclusions are not at all sensitive to this


variation.


There are three tables. Table A1 focuses on the robustness of the e¤ect of minimum down on


purchasing behavior, Table A2 focuses on the robustness of the e¤ect of car price on purchasing


behavior, and Table A3 focuses on the robustness of the e¤ect of loan amount on default. A longer


discussion of these alternative speci�cations, the underlying variation which motivates them, and


our interpretation of the results is available from the authors upon request.
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Table A1: Effect of Minimum Down on Purchase - Robustness


Individual Level (dep. var. = sale dummy) Cell Level (dep. var. = log sales)
Sample No IV List Price IVa Cost Bucket IVb State IVc No IVd List Price IVd


Size* dF/dx Std. Err. dF/dx Std. Err. dF/dx Std. Err. dF/dx Std. Err. Coef. Std. Err. Coef. Std. Err.
Alternative Imputation Methods


City-Week-Credit Category-Income† N -0.0301 (0.0006) -0.0299 (0.0006) -0.0298 (0.0006) -0.0303 (0.0006) -0.0895 (0.0039) -0.0889 (0.0039)
City-Month-Credit Category-Income N -0.0301 (0.0006) -0.0302 (0.0006) -0.0299 (0.0006) -0.0302 (0.0006) -0.1153 (0.0031) -0.1131 (0.0033)
City-Week-Credit Category N -0.0301 (0.0006) -0.0301 (0.0006) -0.0300 (0.0006) -0.0302 (0.0006) -0.0933 (0.0023) -0.0937 (0.0023)
City-Month-Credit Category N -0.0300 (0.0006) -0.0302 (0.0006) -0.0298 (0.0006) -0.0302 (0.0006) -0.0934 (0.0024) -0.0938 (0.0025)
City-Month-Fine Credit Category N -0.0300 (0.0006) -0.0302 (0.0006) -0.0299 (0.0006) -0.0300 (0.0006) -0.1158 (0.0024) -0.1190 (0.0026)
Dealership-Month-Credit Category N -0.0301 (0.0006) -0.0304 (0.0006) -0.0300 (0.0006) -0.0304 (0.0006) -0.1034 (0.0040) -0.1035 (0.0040)


Regression Discontinuities
Minimum Down Payment Changes
     7 day window 0.20N -0.0244 (0.0016) -0.0245 (0.0016) -0.0245 (0.0016) -0.0244 (0.0016) -0.0631 (0.0059) -0.0645 (0.0062)
    14 day window 0.35N -0.0238 (0.0009) -0.0238 (0.0010) -0.0239 (0.0009) -0.0240 (0.0009) -0.0620 (0.0053) -0.0627 (0.0055)
    30 day window 0.57N -0.0245 (0.0008) -0.0245 (0.0008) -0.0245 (0.0008) -0.0247 (0.0008) -0.0674 (0.0054) -0.0686 (0.0056)
    60 day window 0.79N -0.0267 (0.0007) -0.0268 (0.0007) -0.0266 (0.0007) -0.0270 (0.0007) -0.0781 (0.0051) -0.0790 (0.0058)


Alternative Specifications
No credit category fixed effects
    No instruments for minimum down N -0.0328 (0.0003) -0.0326 (0.0004) -0.0325 (0.0004) -0.0328 (0.0004) -0.1161 (0.0028) -0.1143 (0.0034)
    Credit categories inst. for min. down N -0.0335 (0.0004) -0.0339 (0.0004) -0.0336 (0.0004) -0.0337 (0.0004) -0.1320 (0.0026) -0.1458 (0.0038)


Notes
* Sample size for individual-level purchasing estimates is reported as a fraction of N, where N >> 50,0000 is the number of applicants (see Table 1).  Sample size for cell-level estimates is ~0.03N.
† Baseline imputation presented in Table 2.
a  Instruments for negotiated price are list price (equal to zero if not available) and indicator equal to one if list price is not available. List prices are available for approximately 80 percent of the observations.
b  Instruments for negotiated price are dummy variables corresponding to each of 11 cost buckets (see Figure 3 for illustration).
c  Instruments for negotiated price are dummy variables corresponding to two states with APR caps below 29.9 percent.
d  Cell-level regressions are weighted by number of apps and include log(apps) as an explanatory variable. 
Individual-level estimates represent the marginal effect on the probability of sale of a $100 change in the minimum down payment.  Cell-level estimates represent the percent change in sales resulting from a 
$100 change in the minimum down payment.  Given the average sale probability of 0.34, individual and cell-level estimates can be roughly compared by dividing the latter by three.







Table A2: Effect of Price on Purchase - Robustness


Individual Level (dep var = sale dummy) Cell Level (dep var = log sales) Min. Min.
Sample No IV List Price IV a Cost Bucket IV b State IVc No IVd List Price IV d Discount Discount


Size* dF/dx Std. Err. dF/dx Std. Err. dF/dx Std. Err. dF/dx Std. Err. Coef. Std. Err. Coef. Std. Err. Rate (Ind)e Rate (Cell) f


Alternative Imputation Methods


City-Week-Credit Category-Income † N -0.0002 (0.0002) -0.0010 (0.0011) -0.0022 (0.0007) -0.0032 (0.0006) -0.0061 (0.0016) -0.0102 (0.0063) 469% 434%
City-Month-Credit Category-Income N 0.0002 (0.0002) 0.0008 (0.0011) -0.0010 (0.0007) -0.0031 (0.0006) -0.0170 (0.0016) -0.0267 (0.0051) 472% 170%
City-Week-Credit Category N -0.0008 (0.0002) -0.0003 (0.0012) -0.0013 (0.0007) -0.0037 (0.0006) -0.0262 (0.0013) -0.0236 (0.0042) 401% 173%
City-Month-Credit Category N -0.0008 (0.0002) 0.0004 (0.0012) -0.0020 (0.0007) -0.0037 (0.0006) -0.0254 (0.0013) -0.0222 (0.0043) 407% 178%
City-Month-Fine Credit Category N -0.0008 (0.0002) 0.0005 (0.0011) -0.0015 (0.0007) -0.0042 (0.0006) -0.0226 (0.0015) -0.0041 (0.0058) 356% 199%
Dealership-Month-Credit Category N -0.0007 (0.0002) 0.0014 (0.0011) -0.0017 (0.0007) -0.0029 (0.0006) -0.0110 (0.0016) -0.0101 (0.0074) 505% 402%


Regression Discontinuities
Sept. 2002 Margin Change (Figure 3)
     7 day window 0.01N 0.0008 (0.0017) 0.0536 (0.0143) 0.0103 (0.0148) 0.0012 (0.0097) -0.0080 (0.0154) -0.0492 (0.3353) n/a 94%
    14 day window 0.02N -0.0006 (0.0013) 0.0489 (0.0101) 0.0031 (0.0100) -0.0002 (0.0067) -0.0083 (0.0076) -0.0145 (0.0457) 2596% 307%
    30 day window 0.04N -0.0002 (0.0006) 0.0291 (0.0086) -0.0035 (0.0060) -0.0027 (0.0025) -0.0075 (0.0067) 0.0302 (0.2756) 420% 587%
    60 day window 0.08N -0.0004 (0.0004) 0.0281 (0.0037) -0.0036 (0.0014) -0.0011 (0.0016) -0.0048 (0.0049) 0.0768 (0.0419) 419% 913%
All Margin Changes (9/02, 6/04, 9/04)
     7 day window 0.02N 0.0011 (0.0011) 0.0446 (0.0125) 0.0096 (0.0058) -0.0039 (0.0039) 0.0036 (0.0130) 0.0983 (0.0084) 381% n/a
    14 day window 0.03N (1E-05) (0.0008) 0.0313 (0.0058) 0.0027 (0.0047) -0.0045 (0.0035) -0.0034 (0.0070) 0.0520 (0.0075) 330% 1300%
    30 day window 0.07N (5E-06) (0.0004) 0.0188 (0.0032) 0.0023 (0.0036) -0.0043 (0.0021) -0.0065 (0.0052) 0.0246 (0.0082) 344% 675%
    60 day window 0.13N -0.0002 (0.0004) 0.0140 (0.0021) -0.0034 (0.0018) -0.0033 (0.0014) -0.0055 (0.0039) 0.0233 (0.0073) 436% 798%


Cost bucket changes ($50 window) g


    Bucket change #1 0.02N 0.0009 (0.0012) 0.0003 (0.0360) -0.0207 (0.0045) -0.0014 (0.0162) - - - - 75% n/a
    Bucket change #2 0.02N -0.0031 (0.0009) 0.0303 (0.0323) -0.0047 (0.0020) -0.0047 (0.0125) - - - - 316% n/a
    Bucket change #3 0.03N 0.0005 (0.0011) 0.0156 (0.0261) -0.0075 (0.0034) -0.0059 (0.0085) - - - - 202% n/a
    Bucket change #4 0.03N -0.0006 (0.0010) 0.0086 (0.0094) -0.0273 (0.0045) 0.0006 (0.0171) - - - - 57% n/a
    Bucket change #5 0.03N -0.0005 (0.0010) -0.0067 (0.0114) -0.0091 (0.0039) -0.0033 (0.0076) - - - - 168% n/a
    Bucket change #6 0.03N -0.0005 (0.0007) 0.0147 (0.0060) 0.0032 (0.0037) -0.0008 (0.0030) - - - - 1906% n/a
    Bucket change #7 0.01N -0.0008 (0.0016) -0.0074 (0.0070) -0.0134 (0.0034) 0.0001 (0.0070) - - - - 115% n/a


Alternative Specifications
No credit category fixed effects
    No instruments for minimum down N -0.0001 (0.0002) -0.0017 (0.0010) -0.0026 (0.0005) -0.0034 (0.0005) -0.0020 (0.0022) -0.0115 (0.0073) 441% 384%
    Credit categories inst. for min. down N -0.0001 (0.0002) 0.0028 (0.0009) 0.0005 (0.0005) -0.0015 (0.0005) -0.0004 (0.0022) 0.0607 (0.0072) 973% 5190%


Notes
* Sample size for individual-level purchasing estimates is reported as a fraction of N, where N >> 50,0000 is the number of applicants (see Table 1).  Sample size for cell-level estimates is ~0.03N.
† Baseline imputation presented in Table 2.
a  I nstruments for negotiated price are list price (equal to zero if not available) and indicator equal to one if list price is not available. List prices are available for approximately 80 percent of the observations.
b Instruments for negotiated price are dummy variables corresponding to each of 11 cost buckets (see Figure 3 for illustration).
c Instruments for negotiated price are dummy variables corresponding to two states with APR caps below 29.9 percent.
d  Cell-level regressions are weighted by number of apps and include log(apps) as an explanatory variable. 
e,f  Minimum discount rate is the buyer's annual subjective discount rate that is required to rationalize the relative demand responses to price and minimum down payment in the absence of liquidy constraints.  
e  Individual level discount rates are based on the minimum down coefficient presented in Column 2 of Table 2 (-0.0299) and the most negative individual-level price coefficient for a given specification.  
f  Cell level discount rates are based on the minimum down coefficient presented in Column 6 of Table 2 (-0.0889) and the most negative cell-level price coefficient for a given specification.  
g  Cost bucket discontinuity results are not presented since cost windows include too few sales for each cell.
Individual-level estimates represent the marginal effect on the probability of sale of a $100 change in negotiated price.  Cell-level estimates represent the percentage change in sales resulting from a $100 change in 
negotiated price.  Given the average sale probability of 0.34, individual and cell-level estimates can be roughly compared by dividing the latter by three.







Table A3: Effect of Amount Financed on Default - Robustness


With Without
Sample Default Residual Default Residual


Size* Haz. Rat. Std. Err. Haz. Rat. Std. Err.
Alternative Specifications


Cox PHM on Fraction of Payments Made
     No price or delayed-down residuals† 0.34N 1.016 (0.001) 1.024 (0.001)
     With negotiated price residual 0.34N 1.024 (0.001) 1.036 (0.001)
     With delayed-down residual 0.34N 1.016 (0.001) 1.023 (0.001)
     With both residuals 0.34N 1.024 (0.001) 1.034 (0.001)


Tobit on Fraction of Payments Madea


     Default equation only 0.34N - - 1.020 (0.001)
     Joint estimation with down equation 0.34N 1.014 (0.001) - -
     Joint estimation with price & down equations 0.34N 1.014 (0.001) - -


Regression Discontinuities


Minimum Down Payment Changes
     7 day window 0.07N 1.017 (0.001) 1.022 (0.001)
    14 day window 0.13N 1.017 (0.001) 1.022 (0.001)
    30 day window 0.20N 1.017 (0.001) 1.023 (0.001)
    60 day window 0.27N 1.017 (0.001) 1.023 (0.001)


Sept. 2002 Margin Change (Figure 3)
     7 day window 0.003N 1.018 (0.006) 1.023 (0.005)
    14 day window 0.01N 1.013 (0.005) 1.023 (0.004)
    30 day window 0.01N 1.021 (0.002) 1.023 (0.002)
    60 day window 0.03N 1.019 (0.002) 1.025 (0.002)


All Margin Changes (9/02, 6/04, 9/04)
     7 day window 0.01N 1.017 (0.008) 1.020 (0.004)
    14 day window 0.01N 1.012 (0.005) 1.023 (0.003)
    30 day window 0.02N 1.018 (0.004) 1.025 (0.002)
    60 day window 0.04N 1.018 (0.002) 1.027 (0.001)


Cost bucket changes ($50 window)
    Bucket change #1 0.01N 1.013 (0.007) 1.030 (0.005)
    Bucket change #2 0.01N 1.010 (0.004) 1.017 (0.004)
    Bucket change #3 0.01N 1.021 (0.004) 1.024 (0.003)
    Bucket change #4 0.01N 1.029 (0.003) 1.029 (0.003)
    Bucket change #5 0.01N 1.012 (0.004) 1.023 (0.003)
    Bucket change #6 0.01N 1.023 (0.004) 1.027 (0.003)
    Bucket change #7 0.01N 1.025 (0.005) 1.034 (0.004)


Notes
* Sample size for individual-level purchasing estimates is reported as a fraction of N, where N >> 50,0000 is the 
number of applicants (see Table 1).  The number of sales is 0.34N.
† Baseline specifications presented in Columns 1 and 2 of Table 4.
a Results presented as the hazard ratio in a proportional hazard model that would yield a marginal effect of amount 
financed on the probabilty of default equivalent to the one estimated by the given Tobit specification.







Readme.pdf


This file is the “Readme file” for the additional material available online for “Liquidity Constraints and 
Imperfect Information in Subprime Lending,” by Adams, Einav, and Levin. 
 
The online Appendix contains a pdf file (“Online_Appendix.pdf”) which reports results from a large set of 
alternative specifications. These are reported in Tables A1, A2, and A3. 
 
The rest of the files available online contain Stata and Matlab codes which produce the main results in the 
paper and the appendix. There are five such files: 
 


• Liquidity_Bootstrap.do - Prepares data for demand estimation 
• Liquidity_Tables_Demand.do - Runs regressions in Tables 2, A1, A2 
• Liquidity_Tables_Default.do - Runs regressions in Tables 3, 4, A3 
• Liquidity_Figures.do - Generates output for all the figures (except Figure 4, which doesn’t rely on 


the data) 
• Liquidity_Tobit.m - Estimates the tobit models for Table A3 


 
The data used for the paper is proprietary, and therefore cannot be posted online. However, we provide 
below the list of the key variables in the data, so that interested researchers could understand the code and 
make requests for further analysis. We will do our best to accommodate such requests within the limits of 
our non-disclosure agreement. 
 
Here is the list of the key variables: 
 


• Outcome Variables 
o Sale - Dummy equal to 1 if applicant purchased a car 
o actdownH - Down payment amount (in $100s) 
o actextraH - Down payment amount minus the required minimum (in $100s) 
o amtfinH - Loan amount (in $100s) 
o default - Dummy equal to 1 if buyer defaulted on loan 
o paid - Dummy equal to 1 if buyer paid loan in full 
o fracpaid - Fraction of loan payments made (in the range [0,1]) 


 
• Offer Terms 


o mindpH - Minimum down payment (in $100s) 
o APRMAX - Maximum allowable APR (state cap) 
o APRUSE - Loan APR 
o TERM - Loan term (in months) 
o PRICEH - Negotiated price of car (in $100s) 
o targetH - List price of car (in $100s) 
o targetH0 - Equals targetH if list price is available, 0 otherwise 
o notarget - Dummy equal to 1 if list price was not available (to us) 


 
• Vehicle Characteristics 


o TCOSTH - Vehicle total cost (in $100s) (acquisition cost + reconditioning cost) 
o Car_Age - Vehicle age in years 
o Odom10k - Vehicle mileage (in 10,000s) 
o Lot_AgeM - Vehicle months on lot 
o Premium - Dummy equal to 1 if total cost > $7500 
o Bucket - Vehicle cost bucket for pricing (see Figure 3) 


 







• Applicant Characteristics 
o incomeK - Applicant monthly income (in $1000s) 
o Age - Applicant age 
o Age2 - Applicant age squared 
o Bank - Dummy equal to 1 if applicant has a checking or savings bank account 
o Own - Dummy equal to 1 if applicant owns a home 
o Lwp - Dummy equal to 1 if applicant lives with parents 
o grade_x - Dummy equal to 1 if applicant has credit grade x 


 
• Controls 


o appyear_x - Dummy equal to 1 if applicant arrived at dealership in year x 
o appmonth_x - Dummy equal to 1 if applicant arrived at dealership in month x 
o city_x - Dummy for dealership located in city x 


 
 
 






