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Motivation
• High cost of financial crises

• Need to assess the probability of a financial crisis occurring
 
• Need to assess policy alternatives to manage risk level

• Need for a powerful and flexible modeling approach that can 
handle:
– numerous economic and financial risk variables including trends, 

volatilities, and correlations,
– important details of a government’s asset and liability portfolio, or
– a simplified government asset and liability structure



  

Motivation
• An inability of many existing risk models, based on normal 

distributions, to adequately account for fat tailed distributions

• Periodically observed simultaneous and substantial changes 
(i.e. Jumps) in numerous risk variables brought on by external 
or internal shocks such as:
–  Russian and Asian financial crises,
–  floating of the foreign exchange rates,
–  default by Argentina, and
–  political turmoil and uncertainty. 



  

Related Research

Adrogue (2005),
Barnhill and Kopits (2004) 
Engle (2002) 
Kaminsky, Reinhart, and Vegh (2004)
Mendoza and Oviedo (2005)
Merton (1976) 



  

Conventional Scenario Approach
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Portfolio Simulation Approach
– Simulate future financial and economic environment as a 

set of correlated random variables

– Revalue each asset and liability as a function of the 
simulated environment

– Recalculate the government’s risk indicators in the 
simulated environment,

• debt to GDP, and
• net worth to GDP

– Repeat the simulation a large number of times

– Analyze the distribution of simulated government risk 
indicators to estimate the probability of restricted market 
access



  

Scenario/Simulation Model 
Applied to Brazil

1. Three alternative financial and economic environment models  
(“states of the world”) with 20 correlated stochastic variables 
(GDP, FX rates, Interest rates, Spreads, Inflation):

• Optimistic

• Base

• Stress

2. Detailed model of GOB’s Debt Portfolio 

3. GOB Budget Model Incorporating Market Expectations

4. Simulate and analyze distributions of Debt to GDP Ratios

5. Simulate and analyze distributions of Net Worth to GDP Ratios



  

Table 2: GOB Debt Portfolio 
Composition as of June 2004 

 

1.000total
0.004Yen Denominated Bonds
0.021Euro Denominated Bonds
0.022Inflation Indexed Debt
0.050Brady Bonds (USD Denominated)
0.054Exchange Rate Indexed Debt
0.059

World Bank/IBD/IMF (USD 
Denominated)

0.072Inflation Indexed Debt
0.105Global bonds (USD Denominated)
0.138Fixed Rate Debt
0.475Floating Rate Debt

(Brazil Model used 149 Securities)

Fraction of totalType of Security



  

 

Government Financial Models

        PVMFPS1= The present value of the Government’s Maximum 
      Feasible Primary Surplus (PVMFPS) at t=1

           PVMFPS1= PVMFR1 - PVMFP1  

PVMFPS1  is a funciton of Market’s Expectations on:
• GDP Growth rate
• Maximum tax rate 
• Discount rate 
• Gov. Target non-financial expenditure rate 
• Maximum Feasible cut in non-financial expenditures 

Proxy Net Worth1 = PVMFPS1 – Market Value of Debt1  



  

Table 1: Alternative Scenarios

 

0.070.040.02
Assumed Discount rate on Perpetuities 

(r-g)

0.10.10.1

Weighting for current GDP Growth rate 
in calculating the Expected long-run 
GDP Growth Rate

0.0350.0250.015GDP Volatility (%)
0.060.080.1Expected Nominal GDP Growth Rate (%)

0.010.030.05
Maximum Feasible cut in Non-financial 

Expenditures (% of Nominal GDP)

0.0350.0450.055
Target Primary Surplus (% of Nominal 

GDP)

0.3250.3150.305
Target Non-Financial Expenditure Rate 

(% of Nominal GDP)

0.360.360.36Target Tax Rate (% of Nominal GDP)

0.370.370.37
Max Tax Rate (% of Nominal GDP)             

  

        Stress         Base

                               
                
OptimisticScenario



  
0.6330.7140.6540.613100%
0.6050.6680.6210.59499%
0.5950.6390.6060.57695%
0.5900.6250.5940.56690%
0.5820.6090.5810.55780%
0.5700.5830.5610.53850%
0.5510.5460.5270.51010%
    

Percentile 
Distribution

0.5130.4900.4780.473Min
0.6330.7140.6540.613Max
0.0150.0320.0260.022Std
0.5700.5850.5610.539Mean
0.5690.5690.5690.569Initial (6/30/2004)

Base with GOB Debt 
Portfolio consisting entirely 
of one-year fixed rate local 
currency securitiesStressBaseOptimistic 

 Table 4: Simulated GOB Debt To GDP Ratio As of 6/30/05



  

Table 5: Average Debt to GDP Ratios and Other Variables 
by Deciles of Simulated Observations For Base Case

6.1%-2.1%28.1%5.4%0.60810

6.0%-1.3%22.8%6.4%0.5869

6.3%-0.3%23.8%7.4%0.5778

5.9%-0.5%17.0%7.3%0.5707

6.1%-0.3%15.2%7.9%0.5646

6.3%0.6%14.9%7.9%0.5575

5.9%0.0%11.7%8.5%0.5514

5.7%0.5%12.0%8.9%0.5453

6.1%0.8%6.7%9.4%0.5352

5.9%1.4%2.2%10.6%0.5171

Inflation 
Rate

Percent 
Change in 
Selic

Percent 
Change in 
Exchange 
Rate

Percent 
Change in 
GDP

GOB Debt 
to GDP 
RatioDeciles



  

 

Table 6: Simulated GOB "Net Worth" To GDP Ratio As of 6/30/05

0.324-0.00081.4545.52213%
0.309-0.0131.4435.51112%
0.296-0.0261.4325.49911%
0.287-0.0331.4235.49010%
0.222-0.1351.3485.4145%
0.158-0.2211.2395.3172%
0.089-0.2751.1975.2451%
-0.128-0.4840.9515.0220%

Percentile Distribution

-0.128-0.4840.9515.022Min

1.1850.8872.4796.574Max
0.2020.2130.2340.245Std
0.5670.2431.7365.815Mean

Stress with
MFPS = 7.5%

Stress
(MFPS = 5.5% )

Base 
(MFPS=8.5%)Optimistic



  

Conclusions from Scenario/Simulations 
It is important to account for the:

• volatility and correlations of a number of risk 
variables,

• occurrence of periodic stressful periods in the 
global economy and financial markets,

• market’s perceptions regarding the Sovereign’s 
flexibility and commitment to adjust future tax 
rates and spending levels, if required, to meet 
debt service obligations, and

• detailed structure of the Sovereign debt portfolio. 



  

Conclusions from 
Scenario/Simulations 

• Limitation: Scenario/Simulations do not give one overall 
estimate of the probability of an adverse outcome which could 
restrict market access. 

• Results in Complicated decision rules. 

For example select policies that reduce the probability of loss of 
market access in the “Optimistic”, “Base”, and “Stress” 
scenarios to no higher than X%, Y%, and Z% respectively.



  

Brazil Risk Assessment: Jump 
Process Approach  

Assume:
2. a finite number of “states of the world”,

4. each of these states of the world may have 
substantially different risk characteristics (i.e. risk 
variable trends, volatilities, correlations, and 
government policies), and 

6. based on an analysis of historical data and expert 
opinion the probabilities of each state of the world 
occurring over the period of our risk assessment can 
be estimated



  

Brazil Risk Assessment: Jump 
Process Approach  

Strictly for purposes of illustration assume that:
2.   Probability of Optimistic scenario = 10%
3.   Probability of Base scenario = 80%
4.   Probability of Stress scenario = 10%.



  

Brazil Risk Assessment: Jump 
Process Approach  

Analytical approach:

3. Randomly select a state of the world based on the established 
probabilities.

5. Run the simulation risk analysis based on the selected state of 
the world (i.e. mean returns, volatilities, correlations, 
government policies, etc.).

7. Repeat the previous two steps many times and then analyze the 
distribution of simulated government risk indicators. 



  
2.47936.3892100%
2.25706.169799%
2.11245.826095%
2.03525.234890%
1.88051.964475%
1.72241.743250%
1.56841.514925%
1.42341.164210%
1.28180.17013%
1.23910.13572%
1.1972-0.00911%
0.9517-0.43890%

Percentile Distribution
0.9517-0.4389Min
2.47936.3892Max
0.23411.3699Std
1.73631.9945Mean

Base Scenario
 (Normal Distribution)

Jump Process 
(Fat Tailed Distribution)

Table 8:  Simulated GOB "Net Worth" To GDP Ratio As of 6/30/05



  

Conclusions
If after considering such forward looking risk assessments policy 
makers conclude that the risk of restricted market access is 
excessive, then they can adjust policies so as to reduce the 
government’s risk level before a crisis develops.  Policy 
alternatives include:

• Run higher primary surpluses and reduce Debt to GDP ratio
• Altering the types of securities used to finance the Government
• Pursue monetary and fiscal polices which result in more stable 

long-term economic growth 



  

Conclusions
“All models are wrong some are useful.”

Modeling sovereign risk is a challenging problem. 

All models have significant limitations.

With more work the Jump model based on scenario 
simulations has the potential to be “useful” and to:

• Deal with many correlated risk variables,

• Deal with detailed or simplified portfolios,

• Account for periodic structural breaks that greatly 
increase risk levels,

• Be incorporated into broader integrated risk 
assessments that include the financial sector (e.g. 
Barnhill and Souto, 2006)


