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INTRODUCTION

As actuaries, our calculations are considered to be of public use. It is because 
of this that, within our processes, local and international regulations are in 
force. Some have been set within a multidisciplinary team that includes 
actuaries, while in others actuaries do not form part of the discussion, 
although the topics being covered do affect its practice. Another fact, is that 
some topics are left out (or not discussed in a thorough manner), given that 
the conditions under which these would apply correspond to a limited 
number of cases, which are commonly associated to economic environments. 
This creates loopholes that, unless properly discussed, can give place to 
multiple interpretations and/or practices.
More than a statement on how to choose the discount rate under 
hyperinflationary environments, it is our intention for this paper to serve as a 
way to open the debate on this and other subjects (where loopholes are 
present), on order to help raise quality standards within the actuarial 
community.
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HAS THERE BEEN ANY PREVIOUS ATTEMPTS?

• Cruz, E., & Query, J. (2017), in their paper entitled: “Developing Actuarial 
Assumptions within the Framework of a Hyper-Inflationary Environment”, 
worked on this subject.

• In the article, they stated and based their model on the following:
“”… If we assume that the wage growth rates can be expressed as a function of 
inflation, which is true for the vast majority of the wage policies of Venezuelan 
companies, then it is possible to express the interest rate as a function also of wages as 
follows: 
 
 
 
Being:
 
 

 …“

4PBSS/IACA Collouium Cancun 2017 4ASTIN/AFIN Colloquium Panama 2017

s: Rate of increase wage i: Interest rate 

I: inflation rate r: Interest real rate to discount 



HAS THERE BEEN ANY PREVIOUS ATTEMPTS?

• Later on, the state that:
“…Following Fisher, it is then possible to posit that given a wage policy that 
reflects the inflation-we shall call it           , then,                                          would 
make economic sense for all future years, due to the differential of the historical 
rates between inflation and yields.
 …“

• Now, given that In the introduction they stated that:
“… The purpose of this study analyzes the relationships between these variables 
to determine the equanimity of actuarial assumptions as required by the 
International Accounting Standards, specifically IAS 19…” 
This raises the question: Does their approach fully complies with the 
conditions set by IAS 19?
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CONSTRAINTS
(Complying with IAS 19/29)

• IAS 19 Conditions for Actuarial Assumptions
– Actuarial assumptions are unbiased if they are neither imprudent nor excessively 

conservative (Paragraph 74)
– Actuarial assumptions are mutually compatible if they reflect the economic relationships 

between factors such as inflation, rates of salary increase, the return on plan assets and 
discount rates. For example, all assumptions which depend on a particular inflation level 
(such as assumptions about interest rates and salary and benefit increases) in any given 
future period assume the same inflation level in that period. (Paragraph 75)

– An entity determines the discount rate and other financial assumptions in nominal 
(stated) terms, unless estimates in real (inflation-adjusted) terms are more reliable, for 
example, in a hyperinflationary economy (see IAS 29 Financial Reporting in 
Hyperinflationary Economies), … (Paragraph 76)

– …The discount rate reflects the time value of money but not the actuarial or investment 
risk…. (Paragraph 79)
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CONSTRAINTS
(Complying with IAS 19/29)

• IAS 19 Conditions for Actuarial Assumptions
– In some cases, there may be no deep market in bonds with a sufficiently long maturity 

to match the estimated maturity of all the benefit payments. In such cases, an entity 
uses current market rates of the appropriate term to discount shorter term payments, 
and estimates the discount rate for longer maturities by extrapolating current market 
rates along the yield curve… (Paragraph 81)
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CONSTRAINTS
(Complying with IAS 19/29)

• IAS 29 Hyperinflation Definition (Paragraph 3):
This Standard does not establish an absolute rate at which hyperinflation is 
deemed to arise. It is a matter of judgement when restatement of financial 
statements in accordance with this Standard becomes necessary. Hyperinflation is 
indicated by characteristics of the economic environment of a country which 
include, but are not limited to, the following:
a. the general population prefers to keep its wealth in non-monetary assets or in a 

relatively stable foreign currency. Amounts of local currency held are immediately 
invested to maintain purchasing power; 

b. the general population regards monetary amounts not in terms of the local currency but 
in terms of a relatively stable foreign currency. Prices may be quoted in that currency; 

c. sales and purchases on credit take place at prices that compensate for the expected loss 
of purchasing power during the credit period, even if the period is short;  

d. interest rates, wages and prices are linked to a price index; and 
e. the cumulative inflation rate over three years is approaching, or exceeds, 100%.
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CONSTRAINTS
(The Fisher Formula)

• Describing the used formula
In order to achieve our goal, we made use of the following representation of 
Fisher’s formula: 

Where:

Now, in order comply with it, we must first prove that, in Venezuela, Government 
Bonds Yields are indexed with inflation.

• Venezuelan Government Bonds Yields (emitted in Bolivars), are issued 
defining its rate in one of two ways, these are:

Where: (GTBY) are Government Treasury Bill Yields.
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R: Discount Rate r: Real rate i: long-term inflation rate

(𝐺𝐺𝐺𝐺𝐺𝐺) =  �(𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺) + Δ%
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 %  






CONSTRAINTS
(In Venezuela: Are Government Bond Yields linked with inflation?)

• Because of the previous definition, we shall concentrate on the behavior 
of the Treasury Bill Yields

• In lie of the above, we shall focus on two periods of time:
– 01/2003 to 04/2010
– 05/2010 to 12/2015
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CONSTRAINTS
(In Venezuela: Are Government Bond Yields linked with inflation?)

01/2003 to 04/2010:
• During this period, (GTBY) behaved was as follows:
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CONSTRAINTS
(In Venezuela: Are Government Bond Yields linked with inflation?)

05/2003 to 12/2015:
• During this period, (GTBY) behaved was as follows:
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CONSTRAINTS
(In Venezuela: Are Government Bond Yields linked with inflation?)

05/2003 to 12/2015:
• During this period, the average ∆% behaved was as follows:

(We must remember that we are looking at nominal rates)

• In real terms, nominal rates (variable or fixed) will be affected by the 
ratio between the purchase price and the price set by the Government 
(the lesser its purchase price, the greater the increase over the rate)

• During hyperinflation, given that uncertainty plays an important role. 
This is normally linked with the country’s credit rating (currently, 
Venezuela has the worst credit rating in the world), assuring that it also 
links with inflation
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2010 2011 2012 2013 2014 2015
Var. 3 9 17 22 26 30

Fixed 4 4 9 14 18 23
Total 7 13 26 36 44 53
Var. 5,50 7,36 8,15 8,44 8,63 8,77

Fixed 4,09 4,09 7,82 8,66 8,82 8,99
Total 4,69 6,35 8,03 8,53 8,71 8,86

Number of 
Emisions in 

Force

Average 
Difference



THE PROPOSED ALGORITHM

1. Defining the initial parameters:
a. Define the best estimate for the cpi monthly series from a GARCH(p,q) model
b. Define the average nominal government (or corporate) bond rate as of date 

(R)
c. Define an initial confidence interval based on the results of the model and R
d. Modify/change the model so it can serve for the purpose of forecasting
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THE PROPOSED ALGORITHM

2. Calculations per chain:
a. Define a confidence interval at time t, based on the cpi’s history as of the 

previous month, which will have information from the historical data and the 
estimated results up to the previous month

b. Generate an estimate from the modified GARCH(p,q) model:
i. If the estimated amount falls within the confidence interval, it will be added to the 

series
ii. Otherwise, if:

• The estimated amount is less than the lower limit, the difference will be added to the lower 
limit

• The estimated amount is greater than the upper limit, the difference will be substracted to 
the upper limit

In any case, the resulting amount shall be within the range of the interval and it will 
taken as the next value of the series.
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THE PROPOSED ALGORITHM
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RESULTS

Defining the initial parameters:
a. Define the best estimate for the cpi monthly series from a GARCH(p,q) model

Conditional Variance Dynamics   
-----------------------------------
GARCH Model     : sGARCH(1,0)
Mean Model       : ARFIMA(0,0,0)
Distribution         : norm 

Optimal Parameters
------------------------------------
        Estimate  Std. Error   t value  Pr(>|t|)
mu      0.018084    0.000967 18.6999  0.00000
omega 0.000042    0.000012     3.5681  0.00036
alpha1  0.999000    0.251344     3.9746  0.00007

b. Define the average nominal government (or corporate) bond rate as of date (R) 
By making use of the information issued by the Central Bank of Venezuela as of 12/2015, in its “BONOS 
DE LA DEUDA PÚBLICA NACIONAL — CARACTERÍSTICAS DE LAS EMISIONES Y TASA DE INTERÉS 
APLICABLE”, we obtained as our initial value of R, an average weighted rate of 16.00%
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RESULTS

Defining the initial parameters:
c. Define an initial confidence interval based on the results of the model and R

According to the historical data of cpi monthly variation, as of 12/2015, its average and 
standard deviation are as follows:
• Average:  0.027933
• Std. Deviation: 0.023573
If were to calculate an average rate based on an annual inflation rate of 16.00%, this 
would in a monthly rate of 0.012445. Using an adjustment factor of approximately 
44.55%, under the assumption of a normal distribution with mean equals to the 
adjusted mean and standard deviation (0.012445, 0.010503), a 90% confidence interval 
would be the following: (-0.010962, 0.066828)
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RESULTS

Defining the initial parameters:
d. Modify/change the model so it can serve for the purpose of forecasting

 Given that we are forecasting, our formula will have to be written as follows:

So that the condition should apply at any point t∈{0,1,2,…}
• In the original formula, for forecasting purposes we replaced 𝜀𝜀𝑡𝑡2 with ̅𝜀𝜀 0,𝑡𝑡

2 , where 
̅𝜀𝜀 0,𝑡𝑡
2  is the average value of 𝜀𝜀𝑡𝑡2, from 0 to t, multiplied by the absolute value of 
𝑣𝑣~𝑁𝑁 0,1 .

• Finally, in order to comply with the condition that at every point in time, the value 
1 + ℎ𝑡𝑡 12 − 1 < 16,00%, the value of ℎ𝑡𝑡 will be multiplied by:

𝜓𝜓 = 44.55% × 1 − 44.55% = 49.70% 
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𝑙𝑙𝑙𝑙 1 + 𝑅𝑅 = 𝑙𝑙𝑙𝑙 1 + 𝑟𝑟𝑡𝑡 + 𝑙𝑙𝑙𝑙 1 + 𝑖𝑖𝑡𝑡



RESULTS

After a total of 5,000 iterations of length 420 (equivalent to 35 years), the 
results were the following:

The above curve, provides an average rate of 4.13%
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CONCLUSIONS

• If by “reliable”, paragraph 76 of IAS 19, means that the real rate 
summarizes most of the conditions that define the economic environment 
(set under IAS 29), then the present procedure does fully comply with IAS 
19 standards. Thus, it serves as a basis to start a proper debate on real 
rates calculations for IAS 19 purposes.

• In the case of all other actuarial assumptions, a similar procedure can 
serve to estimate real rates (as it shall be seen on a future paper).
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CONCLUSIONS

• From our analysis, we have reached to the conclusion that the model by 
Cruz, E., & Query, J., cannot be said to comply with IAS 19/29, due the 
following reasons:

– The way they define the discount rate cannot assure that reflects the time value of 
money, nor that its unbiased

– If such procedure is used for a company that requires two or more salary scales for their 
actuarial valuation (e.g., one for blue-collar workers and another for white collar 
workers), then the valuation will be made under as many discount rates as salary scales 
are used
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FINAL REMARKS

• To truly define the scope of countries where real rates should be used, IAS 
19, paragraph 76 must be amended. This could serve to minimize 
controversies, such as in the case of Ecuador, where one of the most 
important points in its discussion was: 
What should be considered more relevant?
a. For the discount rate to be consistent with the currency and 

estimated term of the post-employment benefit obligations (IAS 19, 
par. 78), or,

b. For all assumptions which depend on a particular inflation level (such 
as assumptions about interest rates and salary and benefit increases) 
in any given future period assume the same inflation level in that 
period (IAS 19, par. 75).

As it can be seen, should real rates could be applied in this case, such 
controversy would have never been raised.
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FINAL REMARKS
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FINAL REMARKS

• Later, in the same document, it states that:
“The previous analysis not only of relevance for Ecuador, but also for 
other countries like El Salvador and Panama that also are dollarized. Also 
for countries, like Zimbabwe that denominate the payment of his 
employees benefits in US dollars.”
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FINAL REMARKS
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FINAL REMARKS
(Cost of Living Index)

Numbeo 
Basis (NYC)

US Basis

United States 74,08% 100,00%

Panama 52,57% 140,92%

Ecuador 44,32% 167,15%

El Salvador 42,56% 174,06%

Country
Cost of Living Index (2016)
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