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Motivation

The GTQ/USD exchange rate time series involve a stochastic 
annual seasonality component, which is due to the seasonality 
of export incomes from agricultural goods.

The main agricultural products exported from Guatemala are: 

coffee, sugar, banana and cardamom

For the harvest period of these products, when export income 
in USD enters Guatemala, the GTQ becomes stronger with 
respect to USD. After the finish of those exports GTQ becomes 
weaker with respect to USD.
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Stochastic seasonality

As the figures show, the pattern of seasonality is similar in each 
year. However, the are some year-specific differences in the 
seasonality component.

We use econometric models that are able to identify this 
stochastic seasonality for the entire sample period.
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Literature

Harvey (2013, Chapter 3.6, Cambridge University Press)

Harvey and Luati (2014, J Am Stat Assoc):

Suggest the dynamic Student's-t location model that includes 
both stochastic local level and stochastic seasonality 
components.

Volatility is assumed to be constant for this model.

The authors focus on modelling the conditional mean (or 
location) of the dependent variable. 
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Literature
The dynamic Student's-t location model belongs to the family of 
Dynamic Conditional Score (DCS) models (Harvey 2013, Cambridge 
University Press).

A property of all DCS models is that extreme observations are 
discounted when they enter the dynamic equations of the model.

Hence, DCS are robust the extreme values and may provide better 
estimates of conditional mean and conditional volatility of the 
dependent variable.

The next figures show how the score function (updating term) 
depends on the error term (epsilon) that represents the arrival of 
new information:
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Literature

Caivano, Harvey and Luati (2016, SERIEs) suggest the dynamic EGB2 
location model, which also includes stochastic local level and 
stochastic seasonality components.

EGB2 (Exponential Generalized Beta distribution of the second kind)

Volatility is assumed to be constant for this model.

The authors focus on modelling the conditional mean (or location) 
of the dependent variable.
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Literature

As the figures show, the dynamic t and EGB2 location models 
transform differently the arriving new information.

Caivano, Harvey and Luati (2016) find that the performance of 
those models depend on the dataset.
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Contributions of the present paper

In the present work, we estimate the dynamic t and EGB2 
location models for GTQ/USD data and study their performance.

We also suggest two new dynamic location models: (i) dynamic 
Skew-Gen-t location model; (ii) dynamic Normal-Inverse 
Gaussian (NIG) location model.

We consider time-varying volatility for the irregular term: 

Beta-t-EGARCH
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Econometric formulation

The GTQ/USD rate for day t, ��, is modelled as:

where �� is the local level component

�� is the stochastic seasonal component

�� is the irregular component (with time-varying volatility driven by λ�)

�� is the standardized error term with alternative distributions.
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Specifications of the error term

(i) ��~	[0,1, exp ν + 2] i.i.d. (Student’s t-distribution) �

dynamic Student's-t location model

Symmetric probability distribution

 ν influences the tail-heaviness of the distribution
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Specifications of the error term

(ii) ��~Skew − Gen − 	[0,1, tanh ( ) exp ν + 2, exp (η)] i.i.d.   
(Skewed generalized t-distribution) �

dynamic Skew-Gen-t location model (NEW)

Asymmetric probability distribution

  influences asymmetry of the distribution

 ν influences tail heaviness of the distribution

 η influences peakedness in the center of the distribution
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Specifications of the error term

(iii) ��~#$%2[0,1, exp ξ , exp (ζ)] i.i.d. (EGB2 distribution) �

dynamic EGB2 location model

Asymmetric probability distribution

 ξ and ζ influence both tail-heaviness and asymmetry of the 
distribution
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Specifications of the error term

(iv) ��~()$[0,1, exp ν , exp ν tanh (η)] i.i.d. (NIG distribution) 
� dynamic NIG location model (NEW)

Asymmetric probability distribution

 ν influences the tail-heaviness of the distribution

 η influences the asymmetry of the distribution
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Local level and stochastic seasonal

Local level:

I(1) model updated by the score function with respect to location

We motivate this by performing the Augmented Dickey-Fuller (1979) 
(ADF) unit root test for GTQ/USD time series. The unit root null 
hypothesis is not rejected.  

 * is a time-constant parameter to be estimated.
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Local level and stochastic seasonal
Stochastic seasonal:

Each element of the 12x1 vector +� is defined as:

where ,-, … , ,-/ are time-constant parameters to be estimated.
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Time-varying volatility of the irregular 
component

Beta-t-EGARCH(1,1):

 0, 1, 2 are time-constant parameters to be estimated.

We also estimated an extended version of Beta-t-EGARCH(1,1):

Beta-t-EGARCH(1,1) with leverage effects.

However, the leverage effect parameter was not significant.
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Results on model performance

The likelihood-based metrics show that:

(i) Skew-Gen-t-DCS is superior to t-DCS

(ii) NIG-DCS is superior to EGB2-DCS

Thus, for GTQ/USD data, the new DCS location models of our 
paper are more parsimonious than the previous models from 
the body of literature.

(iii) Skew-Gen-t is superior to NIG-DCS
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Results on stochastic annual seasonality

For all models, the following figures show that the importance 
of the stochastic annual seasonality component has reduced in 
the past years:
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Reasons for decreasing importance of 
annual seasonality effects

(i) Reduction of total exports growth rate

(ii) Reduction in the relative importance of the total exports

(iii) Reduction of agricultural product exports compared to total 
exports
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Relative importance of export income (relative 

importance is computed with respect to the 

sum of total inflows and total outflows of USD).
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Thank you for your 
attention!
AAYALA@UFM.EDU

SBLAZSEK@UFM.EDU
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