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● Replicate the methodology in the paper

● Develop a user-friendly solution to enable dynamic analysis of 

financial institutions

● Leverage MathWorks technology for jurisdiction-specific 

customization, with easy production deployment and scaling across 

enterprises*

*Ongoing work

Project Objective
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Classic Climate Stress Testing Framework



Classic Framework: Challenges, Solutions

History may not capture 
current expectations

Lack of reliable data

Perceptions change with 
time

Climate beta

Market data

Dynamic measurement

Challenges CRISK Solution



Goal: Assess whether the banks are adequately capitalized to absorb transition and physical risks losses

Climate 

Beta

Book Value 

of Debt

Market Value 

of Equity

Prudential Ratio of 

Equity to Assets

Leverage Size Risk

Introduction to CRISK framework

High level

Detailed

How much capital does a firm have to raise if 

there is a climate stress scenario?

Without market stress, when a stranded asset 

portfolio falls by 50%, and a firm needs to 

maintain an 8% of capital ratio to weather stress, 

what’s the expected capital shortfall?

What does CRISK aim to answer? CRISK Framework

• Capital shortfall treated as a time series

• Relies only on publicly available data



CRISK Methodology



Implementation by RBI (the central bank of India)
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Find this presentation video and slides at:
quantitativeassetmanagement.com/webinar/

http://www.quantitativeassetmanagement.com/webinar/
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Capital Shortfall

Capital shortfall = capital reserves the bank needs - firm’s equity

CSit = k(Dit +Wit) −Wit

     The market value of equity

    The book value of debt

   The prudential ratio of equity to assets
HYEYOON JUNG ROBERT ENGLE RICHARD BERNER
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Validation vs Results in The Paper

HYEYOON JUNG ROBERT ENGLE RICHARD BERNER



Impact and Takeaway

Result

Efficient and open-source implementation of climate 

stress testing procedure

Customize proxy for KOL

Customize for geography, e.g., India

CRISK code and logic will be publicized for financial 

institution clients to use through online documentation 

and official blogs

Selling Point of Paper

Federal Reserve Board

Simple procedure

Public data to Implement

Vlab maintained by NYU Stern

Alexandra 
Wang

Wenxiao Wu Clementine 
Mc Sweeny

https://vlab.stern.nyu.edu/


Why Matlab?

The MathWorks has about $1B year in revenue and 5,000 employees. 

They sell a product that is similar to one offered for free.

I need answers, not tech. MATLAB gets me the answers.

They support me with advice and help building 
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GJR
function [parameters, ll ,Ht, VCV, scores, diagnostics] = 

dcc(data,dataAsym,m,l,n,p,o,q,gjrType,method,composite,startingVals,options)
%GJR Create a GJR conditional variance model

…

%   Create a GJR(P,Q) conditional variance model by specifying either degrees P 
%   and Q (short-hand syntax) or a list of parameter name-value arguments (long-hand
%   syntax). For conditional variances v(t) and innovations e(t), either syntax 
%   creates a GJR(P,Q) model of the form
%
%   v(t) = c + g1*v(t-1) + ... + gP*v(t-P) + a1*e(t-1)^2 + ... + aQ*e(t-Q)^2
%            + L1*[e(t-1) < 0]*e(t-1)^2 + ... + LQ*[e(t-Q) < 0]*e(t-q)^2
%
%   In the above equation, terms such as [e(t-i) < 0] represent a logical indicator:
%   true if the i-th innovation is negative, and false otherwise.

…

% Copyright 2023 The MathWorks, Inc.



DCC
function [parameters, ll ,Ht, VCV, scores, diagnostics] = 

dcc(data,dataAsym,m,l,n,p,o,q,gjrType,method,composite,startingVals,options)
% Estimation of scalar DCC(m,n) and ADCC(m,l,n) multivarate volatility model with with TARCH(p,o,q)
% or GJRGARCH(p,o,q) conditional variances

…

%   The dynamics of a the correlations in a DCC model are:
%     3-stage:
%     Q(t) = R*(1-sum(a)-sum(b))-sum(g)*N + a(1)*e(t-1)'*e(t-1) + ... + a(m)*e(t-m)'*e(t-m)
%     + g(1)*v(t-1)'*v(t-1) + ... + g(l)*v(t-l)*v(t-l) + b(1)*Q(t-1) + ... + b(n)*Q(t-1)
%
%     2-stage
%     Q(t) = R.*scale + a(1)*e(t-1)'*e(t-1) + ... + a(m)*e(t-m)'*e(t-m)
%     + g(1)*v(t-1)'*v(t-1) + ... + g(l)*v(t-l)*v(t-l) + b(1)*Q(t-1) + ... + b(n)*Q(t-1)
%
%   where v(t,:) = e(t,;).*(e(t,:)<0) and s = sqrt((1-sum(a)-sum(b)-gScale*sum(g))) and scale = s*s’

…

% Copyright: Kevin Sheppard
% kevin.sheppard@economics.ox.ac.uk
% Revision: 1 Date: 4/13/2012



GARCHGJR
function [alpha,alphaSE,gamma,gammaSE,beta,betaSE,ConVar] = …

GARCHGJR(i,bank_data,field)

    arguments

        i               (1,1) double

        bank_data       (1,:) struct

        field           (1,1) string = ""

    end

    bank_Ret = bank_data(i).logreturn.(field);     

    Mdl     = gjr('GARCHLags',1,'ARCHLags',1,'LeverageLags',1);

    EstMdl  = estimate(Mdl,bank_Ret,'Display','off’);

    sumMdl  = summarize(EstMdl);

    alpha   = sumMdl.Table{3,1};

    alphaSE = sumMdl.Table{3,2};

    beta    = sumMdl.Table{2,1};

    betaSE  = sumMdl.Table{2,2};

    gamma   = sumMdl.Table{4,1};

    gammaSE = sumMdl.Table{4,2};

    ConVar  = infer(EstMdl,bank_Ret);

end

Alexandra 
Wang

Wenxiao Wu Clementine 
Mc Sweeny



GARCHDCC
function [alpha,beta,mkt_beta,cf_beta] = GARCHDCC(i,bank,US_market,bank_data)

arguments

    i               (1,1) double

    bank            (1,1) string

    US_market       (1,1) logical

    bank_data       (1,:) struct

end

if US_market

    bank_Ret = bank_data(i).logreturn.(bank);

    [~,~,~,~,~,~,BankConVar] = CRISK.beta.model.GARCHGJR(i,bank_data,bank);

    Bankstd = sqrt(BankConVar);

    Bank_adj_Ret = bank_Ret ./ Bankstd;

    Bank_adj_Ret = Bank_adj_Ret - mean(Bank_adj_Ret);

    

    % p: epsilon lag: shock

    % o: asymmetry lag: volatility increases/ decreases as price increases/ decreases

    % q: volatility lag: previous time periods' volatility

    % m: first model

    

    CF = bank_data(i).logreturn.CF;

    MKT = bank_data(i).logreturn.MKT;

    [~,~,~,~,~,~,CFConVar] = CRISK.beta.model.GARCHGJR(i,bank_data,'CF'); % GJR on CF

    CFstd = sqrt(CFConVar);

    CF_adj_Ret = CF ./ CFstd;

    CF_adj_Ret = CF_adj_Ret - mean(CF_adj_Ret);

    [~,~,~,~,~,~,MKTConVar] = CRISK.beta.model.GARCHGJR(i,bank_data,'MKT'); % GJR on MKT

    MKTstd = sqrt(MKTConVar);

    MKT_adj_Ret = MKT ./ MKTstd;

    MKT_adj_Ret = MKT_adj_Ret - mean(MKT_adj_Ret);

    data = [Bank_adj_Ret,MKT_adj_Ret,CF_adj_Ret];

    [parameters_dcc, ~, Ht]= CRISK.mfe.dcc(data,[],1,1,1);

  % parameters

    alpha = parameters_dcc(1,end-2);

    beta = parameters_dcc(1,end);

    % Correlation matrix

    s = size(Ht);

    corr_mat = Ht;

    for i = 1:s(3)

        h = Ht(:,:,i);

        corr_mat(:,:,i) = corrcov(h);

    end

    

    coef = zeros(2,1,s(3));

    mkt_beta = zeros(1,s(3));

    cf_beta = zeros(1,s(3));

    for i = 1:s(3)

        c = corr_mat(:,:,i);

        pmct = c(2,3);

        pimt = c(1,2);

        pict = c(1,3);

        bankvar = BankConVar(i);

        mkvar = MKTConVar(i);

        cfvar = CFConVar(i);

        d1 = [mkvar,pmct*sqrt(mkvar)*sqrt(cfvar); …

 pmct*sqrt(mkvar)*sqrt(cfvar),cfvar];

        d2 = [pimt*sqrt(bankvar)*sqrt(mkvar); …

 pict*sqrt(bankvar)*sqrt(cfvar)];

        coef(:,:,i) = d1\d2;

        mkt_beta(1,i) = coef(1,1,i);

        cf_beta(1,i) = coef(2,1,i);

    end
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else

    bank_Ret = bank_data(i).logreturn.(bank); % get time series of bank return

    [~,~,~,~,~,~,BankConVar] = CRISK.beta.model.GARCHGJR(i,bank_data,bank);

    Bankstd = sqrt(BankConVar);

    Bank_adj_Ret = bank_Ret ./ Bankstd;

    Bank_adj_Ret = Bank_adj_Ret - mean(Bank_adj_Ret);

    % p: epsilon lag: shock

    % o: asymmetry lag: volatility increases/ decreases as price up/down

    % q: volatility lag: previous time periods' volatility

    % m: first model

    CF = bank_data(i).logreturn.CF;

    MKT = bank_data(i).logreturn.MKT;

    [~,~,~,~,~,~,CFConVar] = CRISK.beta.model.GARCHGJR(i,bank_data,'CF');

    CFstd = sqrt(CFConVar);

    CF_adj_Ret = CF ./ CFstd;

    CF_adj_Ret = CF_adj_Ret - mean(CF_adj_Ret);

    [~,~,~,~,~,~,MKTConVar] = CRISK.beta.model.GARCHGJR(i,bank_data,'MKT');

    MKTstd = sqrt(MKTConVar);

    MKT_adj_Ret = MKT ./ MKTstd;

    MKT_adj_Ret = MKT_adj_Ret - mean(MKT_adj_Ret);

    data = [Bank_adj_Ret,MKT_adj_Ret,CF_adj_Ret];

    data2 = [Bank_adj_Ret(2:end,1),MKT_adj_Ret(1:end-1,1), …

 CF_adj_Ret(1:end-1,1)];

    [parameters_dcc, ~, Ht]= CRISK.mfe.dcc(data,[],1,1,1);

    [~, ~, Ht2]= CRISK.mfe.dcc(data2,[],1,1,1);

    % parameters

    alpha = parameters_dcc(1,end-2);

    beta = parameters_dcc(1,end);

    % Correlation matrix

    s = size(Ht);

    corr_mat = Ht;

    for i = 1:s(3)

        h = Ht(:,:,i);

        corr_mat(:,:,i) = corrcov(h);

    end

    s2 = size(Ht2);

    corr_mat2 = Ht2;

    for i = 1:s2(3)

        h2 = Ht2(:,:,i);

        corr_mat2(:,:,i) = corrcov(h2);

    end

    

    coef1 = zeros(2,1,s(3));

    mkt_beta1 = zeros(1,s(3));

    cf_beta1 = zeros(1,s(3));

    for i = 1:s(3)

        c = corr_mat(:,:,i);

        pmct = c(2,3);

        pimt = c(1,2);

        pict = c(1,3);

        bankvar = BankConVar(i);

        mkvar = MKTConVar(i);

        cfvar = CFConVar(i);

        d1 = [mkvar,pmct*sqrt(mkvar)*sqrt(cfvar);

 pmct*sqrt(mkvar)*sqrt(cfvar),cfvar];

        d2 = [pimt*sqrt(bankvar)*sqrt(mkvar);pict*sqrt(bankvar)*sqrt(cfvar)];

        coef1(:,:,i) = d1\d2;

        mkt_beta1(1,i) = coef1(1,1,i);

        cf_beta1(1,i) = coef1(2,1,i);

    end

    coef2 = zeros(2,1,s2(3));

    mkt_beta2 = zeros(1,s2(3));

    cf_beta2 = zeros(1,s2(3));

    for i = 1:s2(3)

        c2 = corr_mat(:,:,i);

        pmct2 = c2(2,3);

        pimt2 = c2(1,2);

        pict2 = c2(1,3);

        bankvar2 = BankConVar(i+1);

        mkvar2 = MKTConVar(i+1);

        cfvar2 = CFConVar(i+1);

        d12 = [mkvar2,pmct2*sqrt(mkvar2)*sqrt(cfvar2); …

 pmct2*sqrt(mkvar2)*sqrt(cfvar2),cfvar2];

        d22 = [pimt2*sqrt(bankvar2)*sqrt(mkvar2); …

 pict2*sqrt(bankvar2)*sqrt(cfvar2)];

        coef2(:,:,i) = d12\d22;

        mkt_beta2(1,i) = coef2(1,1,i);

        cf_beta2(1,i) = coef2(2,1,i);

    end

    mkt_beta = zeros(1,s2(3));

    cf_beta = zeros(1,s2(3));

    for i = 1:s2(3)

        mkt_beta(1,i) = mkt_beta2(1,i) + mkt_beta1(1,i+1);

        cf_beta(1,i) = cf_beta2(1,i) + cf_beta1(1,i+1);

    end

end

end
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