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Abstract

The aim of this thesis is to model and forecast Estonian loan default rates

using macroeconomic variables. Debt portfolio analysis and forecasting are

important parts of credit risk management and are used in capital planning,

risk assessment and scenario analysis. The selection of the final model and

its suitability with the financial supervisors are discussed, highlighting the

pros and cons of machine learning and simpler statistical models. The thesis

also highlights the real-life value of default rate forecasting and describes its

usage from the perspective of an Estonian bank - Coop Pank.
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MAKSEVIIVITUSE MÄÄRA PROGNOOS

MAKROMAJANDUSLIKELT NÄITAJATELT

Stein-Marten Pool

Lühikokkuvõte

Antud teadustöö eesmärk on modelleerida ja prognoosida Eesti laenude mak-

seviivituste määrasid makromajanduslikelt näitajatelt. Võlas oleva portfelli

analüüs ja prognoosimine on oluline osa krediidiriski juhtimisest ja seda ka-

sutatakse nii kapitali planeerimisel, riskide juhtimises, kui ka stsenaariumite

analüüsil. Töös on käsitletud lõpliku mudeli valikut ja selle sobivust järel-

vaatajaga, tuues välja positiivsed ja negatiivsed küljed nii masinõppel, kui

lihtsamatel statistilistel mudelitel. Töös tuuakse välja ka reaaleluline väärtus

makseviivituste määrade prognoosimisel ning kirjeldatakse nende kasutust

Coop Panga näitel.

CERCS teaduseriala: P160 Statistika, operatsioonianalüüs, programmeer-

imine, finants- ja kindlustusmatemaatika.

Märksõnad: makseviivitused, prognoosimine, makromajanduslikud näita-

jad
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Introduction

The aim of this thesis is to find models for default rate forecasting. In this thesis,

loan default rate is defined as a portfolio rate that is over 90 days in debt. Loan

default rate is a widely used indicator for credit risk and its situation in the finan-

cial sector. The default rates of different loan types are often examined separately,

for example consumer loans, business loans and home loans, due to their different

behaviors and simplicity of accrediting.

Default rate modeling holds significant practical value in the banking and financial

sector. Besides being necessary for regulatory documents, they are also used in

internal documents and analysis. To highlight the real-life value of modeling and

forecasting, this thesis also describes how default rate forecasts are used in Coop

Pank, an Estonian bank.

Default rate modeling is based on historic macroeconomic and default rate data.

Eesti Pank forecasts are used as a base scenario for the default rate forecasting.

Scenario testing, such as stress and base scenarios, is also discussed in this thesis,

which can be performed using the models fitted in this thesis.

Credit risk models, including default rate modeling, are supervised by the financial

supervisory authority, which indicates that not all models could be used for fore-

casting. More complex models, such as machine learning models, could show better

accuracy than simpler models like regressions or time series models but may not be

chosen for the forecasting model due to lacking interpretability and explainability.

The process of selecting the final model and forecasting is the main focus of the

thesis.
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1 Default rate modeling in the financial sector

1.1 Default rate modeling

Various studies indicate that macroeconomic variables such as GDP growth, unem-

ployment rate and inflation are effective predictors for forecasting nonperforming

loans. Models based on EU data demonstrate a correlation between debt portfolio

ratio and macroeconomic variables. In addition to those variables, short-term his-

torical data of overdue loans is also strongly correlated with the future occurrence

of non-performing loans, making it a useful indicator for forecasting. (Staehr and

Uusküla, 2017)

Default rate models can be used for different scenarios by employing scenario-

based forecasts of macroeconomic variables for scenario testing. For example, a

base scenario with forecasts of macroeconomic variables can be used for real life

forecasting, however a stress scenario of macroeconomic forecasts can be used for

stress-testing. It is useful for scenario testing and for example, risk assessment,

where forecasts show the possible outcomes of the stress scenario. (Coop Pank,

2025c)

In scenario testing, it is important that all the variables in the model, on which the

forecasts of default rates are made, come from the same scenario. This is important

because models are trained on a single real-world scenario - historical data - where

macroeconomic variables interacted and influenced default rates in the specific way

they did at that time. Therefore, for the forecasts, also one single scenario should

be used to get the default rate forecast which would be the best statistical predic-

tion of the future, if that scenario happened. For example, if we use macroeconomic

variables from stress scenarios provided by both the European Banking Authority

and the Estonian Ministry of Finance, the resulting future dataset would contain

forecasts based on different levels of stress. This could lead to inconsistencies in
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the default rate forecast, potentially reducing its reliability. (Coop Pank, 2025a)

1.2 Regulatory requirements

Regulatory requirements are a key driver of default rate modeling. Banking su-

pervision and regulatory requirements are meant to safeguard the stability of the

banking system and protect clients from bank failure. Thus, financial supervision

oversees credit risk modeling to ensure correctness in risk-taking and credit scoring.

(Malikkidou and Strohbach, 2025)

1.2.1 The Estonian Financial Supervisory Authority

The Estonian Financial Supervisory Authority (Finantsinspektsioon) supervises

the banks in Estonia. Finantsinspektsioon is autonomous in its decisions but is

part of Eesti Pank’s budget. Finantsinspektsioon is also responsible for supervising

the financial sector’s risk taking decisions, including credit risk. Therefore, default

rate models included in the thesis are supervised by Finantsinspektsioon and must

comply with the guidelines given by them. (Riigi teataja, 2025)

1.2.2 ICAAP

Internal capital adequacy assessment process (ICAAP) is one example of the prac-

tical need of default rate models. The ICAAP report is a document that gives

detailed information about the bank’s risk, stress testing results and capital plan-

ning. That way the bank’s board and supervisors can evaluate the bank’s capital

adequacy in different scenarios and make future decisions based on ICAAP results.

Default rate models can be used for stress scenario testing and risk evaluating and

also for base scenario parts of the report like capital planning and general credit

risk overview. In Estonia, banks send their ICAAP reports to Finantsinspektsioon.

(European Central Bank, 2018)
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1.3 Usage of default rate models in Coop Pank

The practical value of default rate modeling and forecasting is described by the

credit risk department of Coop Pank AS. Coop Pank is a growing Estonian bank

that is known for its dedication to improving life all around Estonia and its coop-

eration with Coop Estonia. (Coop Pank, n.d.)

Default rate models are widely used in Coop Pank and an important part in credit

risk, financial and business planning. Different departments make forecasts for

internal documents as well as external documents like regulatory required docu-

ments. Since the usage is wide and forecasts serve different purposes, the scenarios

also vary between the forecasts. (Coop Pank, 2024a; Coop Pank, 2024b; Coop

Pank, 2025c)

Regulatory-required documents like the ICAAP report and credit risk reports for

Finantsinspektsioon may include both, base scenario forecasts and stress scenario

forecasts. Stress scenario forecasts of default rates are used to predict debt port-

folio activity in a stress scenario and therefore show the risk case of the portfolio.

The base scenario is used for real life forecasts and show what is the best predic-

tion of the debt portfolio when the macroeconomic indicators move as forecasted

by real-life forecasts. Every regulatory document is supervised by Finantsinspek-

tsioon which includes the evaluation of the default rate forecasts and modeling.

Therefore, models used for forecasting must be statistically correct and the model-

ing process must be described in detail to make it understandable for both parties.

(Coop Pank, 2025c)

Internal documents like financial plans and risk documents also include default

rate forecasts. The financial plan takes into account loan provision and default

estimates that are forecasted using the model. Default rate forecasts could also

be used for edge case scenarios which indicate a macroeconomic situation where
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the bank would default itself. Backward calculations like these could be useful for

capital planning and risk assessment. (Coop Pank, 2024a)

Default rate forecasts are also part of the probability of default models in Coop

Pank. Probability of default models are contract-based models that evaluate the

risk of an individual contract defaulting. Additionally, to the contract-based and

client-based variables, Coop Pank also incorporates default rate forecasts into

its probability of default models, ensuring that model outcomes are sensitive to

changes in the macroeconomic situation. (Coop Pank, 2025b)
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2 Datasets

2.1 Modeling dataset description

The dataset used for modeling includes default rate data for three different loan

types and macroeconomic data. Dataset was compiled from various sources, which

are listed in Appendix 1. Data from Statistics Estonia (Statistikaamet) was re-

trieved via the official Statistikaamet database API (Statistikaamet, n.d.[b]). Ad-

ditional data was collected from the listed webpages using the CSV or XLSX for-

mat. All data manipulation and the final dataset assembly were carried out using

R software.

Several macroeconomic measures were selected based on their inclusion in Eesti

Pank’s base scenario forecasts. In the thesis, it was necessary to have forecasts of

the macroeconomic variables available in order to use the model for forecasting.

Macroeconomic variables in the dataset were:

• GDP: Chain index of Estonian seasonally and working day unadjusted gross

domestic product (quarterly), with the reference year 2010.

• CPI: Consumer price index (monthly) in Estonia, with the reference year

1997.

• Unemployment rate: Unemployment rate (quarterly) in Estonia, where

the unemployed population is divided by the total employment number.

• Salary: Average monthly gross wages (monthly) in Estonia, measured in

euros.

• Euribor: 3-month Euribor rate (monthly).

• EUR/USD rate: Euro and United States dollar exchange rate (monthly).
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• Oil price: Oil price (monthly) in United States dollars per barrel using

Brent index.

Loan types for which default rates were forecasted were:

• Home loan: Over 90 days in debt home loans rate (monthly) of the Estonian

home loans portfolio.

• Consumer loan: Over 90 days in debt consumer loans rate (monthly) of

the Estonian consumer loans portfolio.

• Business loan: Over 90 days in debt business loans rate (monthly) of the

Estonian business loans portfolio.

The dataset consists of data from December 2000 to December 2024. The starting

point is chosen based on the availability of statistics and data points, meaning

there is no data in the chosen sources for earlier time points. All variables have

quarterly data, and some have monthly data. Due to this, the monthly data was

calculated for all variables using the proportional difference between two quarters.

Therefore the dataset has 289 months worth of data displayed in Appendix 1.

2.2 Forecasting dataset description

The dataset used for forecasting consists of the same macroeconomic variables used

for modeling, but the values are for future time points. Macroeconomic forecasts are

made by Eesti Pank and for the end of the years 2025, 2026 and 2027 (Eesti Pank,

2024). Since only annual forecasts are available for those years, monthly values are

calculated using proportional differences between forecasts. The forecasting dataset

does not contain default rates data because those are modeled and forecasted in

this thesis. The forecasting dataset is also displayed in Appendix 1.
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3 Statistical models

3.1 Regression models

A variety of statistical methods can be used for forecasting. One of the simplest

and most commonly used statistical methods for modeling are regression models.

For example, linear and logistic regression models are widely used in statistical

modeling. These models use regressors to predict the response variable. Assump-

tion testing is important before using regression models. These assumptions must

be met to ensure the model’s validity. One of the assumptions is that the observa-

tions have to be independent of each other. (Liang and Zeger, 1993)

Since the time series of default rates are modeled in this thesis, it can be shown

that the values are dependent on the previous values violating the assumption of

independence. Linear regression models with the default rate as response variables

and default rate value with 1-step lag as regressors were fitted. R2 values and

p-values of the models are displayed in Table 1. It can be seen that default rates

are dependent of the previous values and the model with only previous values has

high predictive power, which means that the regression models are not a good fit

for this thesis dataset.

Table 1: Default rate models overview with 1 lag

Loan type Model p-value R2

Consumer loans <0.0001 98.92%

Home loans <0.0001 99.45%

Business loans <0.0001 98.87%
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3.2 Beta regression

More complex regression models, such as the beta regression model, are used to

achieve more accurate results. A beta regression model with a logit link is used for

data where dependent variable is between 0 and 1, as it is in this thesis. The beta

regression model can be expressed as

g(µi) = XT
i β,

where g is a link function, µi is the mean of the distribution, XT
i is a transposed

vector of covariates and β is a vector of regression parameters. (Ferrari and Cribari-

Neto, 2004)

For beta regression, the assumption of independence remains, meaning the as-

sumptions are violated. Another beta regression assumption is that the error term

variances in beta regression have to be constant and therefore variance of the error

rates must be tested (Ferrari and Cribari-Neto, 2004). To test these assumptions,

a beta regression model with a logit link was fitted to the previously described

dataset. Logit link function is commonly used for regression models and can be

expressed as

logit(u) = ln

(
u

1− u

)
,

where logit is the logit link function and u is the function parameter (Cox, 1958).

The final model was found for all the loan types. Final model selection process was

applied where all the macroeconomic variables with p ≥ 0.05 were dropped one by

one and all p-values in the final model were smaller than 0.05.

The assumptions of the final models were tested and the Breusch-Pagan test was

used to determine if the error term variances were constant (Koenker, 1981). The

results are displayed in Table 2, where p-values indicate that the error term vari-
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ance assumption is not met for any of the models and thus beta regression cannot

be used.

Table 2: Beta regression model assumptions test

Loan type Breusch-Pagan test p-value

Business loans <0.0001

Consumer loans <0.0001

Home loans 0.0004

3.3 ARIMA and SARIMA

Various studies on default rate and debt portfolio rate modeling show that histori-

cal data points of the dependent variables often improve the accuracy of forecasting

models. Therefore, time series models are often used for modeling financial data.

(Staehr and Uusküla, 2017)

Time series models like ARIMA are used to model time series and forecast fu-

ture values based solely on historical data. The autoregressive integrated moving

average (ARIMA) model introduced in 1970 by Box and Jenkins, is used to forecast

future values based on historical values of the same variable as a time series. The

ARIMA model is used to show patterns with no seasonality and no white noise.

ARIMA model can be displayed as

ϕp(B)(1−B)dZt = c+ θq(B)εt,

where B is lag operator, ϕp is p-th order autoregressive operator, θq is q-th order

moving average operator, (1 − B)d is d-th order differencing operator, Zt is time

series point at time t, c is constant and εt is residual error. It can be seen that

the ARIMA model has three parameters and is displayed as ARIMA(p, d, q). (Box
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and Jenkins, 1970)

Since the ARIMA model cannot detect seasonality in time series, a seasonal au-

toregressive integrated moving average (SARIMA) model may prove to be more

appropriate. The SARIMA model also includes a seasonal component in addition

to the ARIMA formula. The SARIMA model can be expressed as

ϕp(B)ΦP (B
S)(1−B)d(1−BS)DZt = θq(B)ΘQ(B

S)εt,

where Φp(B) is P -th order seasonal autoregressive operator, ΘQ(B) is Q-th order

seasonal moving average operator, (1 − B)D is D-th order seasonal differencing

operator and S is seasonal length. SARIMA model has therefore seven parameters

and is displayed as ARIMA(p, d, q)(P,D,Q)S . (Box and Jenkins, 1970)

3.4 ARIMAX and SARIMAX

Although, ARIMA and SARIMA models are often used for time series modeling,

they cannot be used for the problem stated in this thesis. Since the aim of the

thesis is to use macroeconomic variables in the model, using a model with external

variables is needed. Therefore, it is necessary to look for more complex time series

models such as ARIMAX and SARIMAX.

Autoregressive integrated moving average model with external variables and Sea-

sonal autoregressive integrated moving average model with external variables, re-

spectively ARIMAX and SARIMAX models, are used for time series modeling

where external variables are taken into account. For response variable Y on time

point t, both models can be expressed as

Yt = β0 +
k∑

j=1

βjXj + ωt
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where Xj , j ∈ 1, 2, ..., k are observations of the external variables corresponding to

time point t, β0 is intercept, βj , j ∈ 1, 2, ..., k are regression coefficients of external

variables and ωt is a variable that differs by the time series usage. Since several

lags of external (macroeconomic) variables can be used for forecasting, the model

with the set of selected lags Tj for each j ∈ {1, 2, ..., k} can be expressed as

Yt = β0 +
k∑

j=1

∑
tj∈Tj

βj,tjXj,tj + ωt

where Xj,tj , j ∈ 1, 2, ..., k are observations of the external variables corresponding

to time point tj , β0 is intercept, βj,tj , j ∈ 1, 2, ..., k are regression coefficients of

external variables and ωt is corresponding to the residuals of the chosen model.

For ARIMAX model, ωt can be expressed as

ωt =
c+ θq(B)εt

ϕp(B)(1−B)d

and for the SARIMAX model, as

ωt =
θq(B)ΘQ(B

S)εt
ϕp(B)ΦP (BS)(1−B)d(1−BS)D

.

It is easy to see that the ωt for the ARIMAX and SARIMAX is derivable from the

ARIMA and SARIMA formulas respectively. (Hamilton, 1994)
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4 Default rate forecasting

Default rate modeling and forecasting were conducted using time series models

described in the previous section. Separate models were fitted for each loan type

and used for forecasting. The models were trained on the full historical dataset

introduced in the dataset section.

The training and testing datasets were created to validate the final model selec-

tion. The training dataset consisted of the first 230 rows from the original dataset.

The next 36 rows were chosen for the testing dataset since the aim of this thesis

is to forecast the next 36 months’ default rates. Each loan type’s final model was

validated on the testing dataset using ARIMA and beta regression models fitted

on the training dataset. Root mean square error (RMSE) and mean absolute error

(MAE) were used to test accuracy between the forecasts and the real default rates

in the testing dataset.

On the training dataset, the final model selection process described below was

applied to find (S)ARIMAX model. The (S)ARIMA model with the same AR and

MA components as the (S)ARIMAX was fitted without the macroeconomic vari-

ables. The beta regression model was fitted using the default rate as the response

variable and the selected macroeconomic variables, with their respective lags, as

regressors.

Since the forecasted value must be positive, logarithmic transformation was ap-

plied to the default rate data prior to time series modeling. To assess stationarity,

the Augmented Dickey-Fuller test was applied to all macroeconomic variables and

default rate series individually (Cheung and Lai, 1995). As the test p-values were

all greater than 0.05, the entire dataset was differenced. After differencing, all

Augmented Dickey-Fuller test p-values fell below 0.01, confirming stationarity and
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making the differenced dataset suitable for modeling.

To identify significant lags of the macroeconomic variables, the prewhitening pro-

cess was employed. For each macroeconomic variable, an appropriate (S)ARIMA

model was estimated using the auto.arima() function in R (Rdocumentation, n.d.)

and residuals of the fitted model were computed. The same model was applied to

the default rate time series and its residuals were also calculated. These residuals

were used in the cross-correlation function (CCF) plot to detect statistically signif-

icant lags between the macroeconomic variable and default rate series (Brockwell

and Davis, 1991).

Significant lags identified through CCF plots were incorporated as regressors in the

final forecasting model. Two approaches were explored to specify the autoregressive

(AR) and moving average (MA) components. First, the auto.arima() function was

applied to the default rate series with the lagged macroeconomic variables as exter-

nal regressors. Second, a multiple linear regression (MLR) model was fitted using

the default rate as the response variable and the lagged macroeconomic variables

as predictors. Residuals from the MLR model were used to plot the autocorrela-

tion function (ACF) and partial autocorrelation function (PACF), which assisted

in identifying suitable AR and MA components.

Default rate values of each loan type were forecasted using the final models. Due

to the inclusion of lagged default rates in the (S)ARIMAX models, the next 36

months were forecasted iteratively, one step at a time. All the forecasted values

were exponentiated (raised to the power of e) to reverse the initial logarithmic

transformation and return the results to their original scale.
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4.1 Consumer loans

The modeling procedure described above was applied to consumer loan default

rates. As an illustration of the macroeconomic lag selection process, Figure 1

presents the CCF plot between GDP and consumer loan default rates. For this

example, the final model used to calculate residuals for both the GDP and consumer

loan default rate series was ARIMAX(2,1,1)(1,1,2)[12].

Figure 1: CCF Plot between GDP and consumer loan default rate

The x-axis in Figure 1 represents the lag number, where the lag 1 corresponds to

one year, or 12 months. Every vertical spike in the graph shows the strength and

direction of correlation at a specific lag. Spikes extending beyond the significance

bounds indicate statistically significant correlations between the prewhitened GDP

and the residuals of the consumer loan default rate at the corresponding lag. Each

lag in the plot corresponds to a one-month interval. Negative lags represent GDP

values that precede the default rate value, while positive lags represent GDP val-

ues following it. In this modeling process, only non-positive lags were considered,
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since the future values of GDP cannot be used in real-time forecasting models.

The significant lags for the final model are those where the spikes exceed the 95%

confidence level (blue dashed line) in the CCF plot. Therefore, in the case of GDP,

no significant non-positive lags were identified, meaning that GDP was ultimately

not included as a regressor in the final consumer loan default rate model.

This process was completed with each macroeconomic variable. Significant macroe-

conomic variables with their respective lags in the consumer loan model were:

• CPI - 13

• Unemployment rate - 17

• Oil price - 0

• EUR/USD rate - 21

Initially, the auto.arima() function was fitted on the consumer loan default rates

with macroeconomic variables and their respective lags. The final model from the

function output was ARIMAX(1,1,0) with drift and the formula can be expressed

as:

(∆Z)t =− 0.0113− 0.1509 · (∆Z)t−1 + 0.0118 · (∆CPI)t−13

− 2.6316 · (∆Unemployment rate)t−17 + 0.0016 · (∆Oil price)t

− 0.3787 · (∆EUR/USD rate)t−21,

(1)

where Z is log-transformed consumer loan default rate, ∆Z denotes the first order

difference of Z and t represents a certain time point.

For the second model selection method, the previously described MLR model was

fitted. The ACF and PACF were applied on the MLR model residuals and are

displayed respectively in Figure 2 and Figure 3.
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Figure 2: Consumer loan default rate MLR ACF plot

Figure 3: Consumer loan default rate MLR PACF plot

The model selected with the auto.arima function was the same that was selected
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on the ACF and PACF plots. Therefore, the model described before was used

for consumer loan default rate forecasting. Forecasts were calculated using the

forecasting dataset and Equation 1. The forecast values are presented in Appendix

2 and the plot with the historical and forecasted values is shown in Figure 4.

Figure 4: The consumer loan default rate data with forecasts

Previously described model validation process was applied to the consumer loan

default rate models. The final model on training dataset was ARIMA(1,1,0) with

macroeconomic variables with their respective lags:

• CPI - 17

• Oil price - 0

• EUR/USD rate - 11

All the fitted models and their RMSE values are displayed in Table 3. As ex-

pected, the ARIMAX model yielded the lowest RMSE and MAE values, followed
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by ARIMA and beta regression models.

Table 3: Consumer loan model validation RMSE values

Model type RMSE value MAE value

ARIMAX 2.04 · 10−5 3.89 · 10−3

ARIMA 2.94 · 10−5 4.97 · 10−3

Beta regression 4.33 · 10−5 5.76 · 10−3

4.2 Home loans

The model selection process described previously was also applied to home loan

default rates. Macroeconomic variables with their respective lags in the home loan

default rate model are:

• GDP - 4, 5, 6

• CPI - 7

The final model for the log-transformed home loan default rates was ARIMAX(1,1,0),

which was again chosen with two overlapping methods. The model equation can

be expressed as:

(∆Z)t =0.2513 · (∆Z)t−1 − 0.0188 · (∆GDP )t−4

+ 0.0138 · (∆GDP )t−5 − 0.0198 · (∆GDP )t−6

+ 1.8462 · 10−3 · (∆CPI)t−7,

(2)

where Z is log-transformed home loan default rate, ∆Z denotes the first order

difference of Z and t represents a certain time point.

The home loan default rate forecasts were calculated using the forecasting dataset
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and Equation 2. The forecasted values are presented in Appendix 2. The historical

and forecasted values are visualized in Figure 5.

Figure 5: The home loan default rate data with forecasts

Model validation process was applied to the home loan default rate models. The

final model on the training dataset was ARIMA(1,1,0) with macroeconomic vari-

ables with their respective lags:

• CPI - 7

• OCPI - 8

RMSE values of all the fitted models are displayed in Table 4. As expected, ARI-

MAX showed the lowest RMSE value, following ARIMA and beta regression mod-

els.
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Table 4: Home loan model validation RMSE values

Model type RMSE value MAE value

ARIMAX 1.28 · 10−7 2.37 · 10−4

ARIMA 1.37 · 10−7 2.62 · 10−4

Beta regression 1.33 · 10−5 1.12 · 10−2

4.3 Business loans

Finally, for the business loan default rate modeling, the same model selection pro-

cedure was applied. The final model was again the same with both model selection

procedures and the selected model for forecasting the log-transformed business

loan default rates was ARIMAX(0,1,0)(1,0,0)[12]. The macroeconomic variables

and their corresponding lags used in this model are:

• GDP - 18

• Oil price - 0

The final model can be expressed as:

(∆Z)t =0.2449 · (∆Z)t−12 − 7.3581 · 10−4 · (∆GDP )t−18

+ 2.6634 · 10−3 · (∆Oil price)t,
(3)

where Z is log-transformed business loan default rate, ∆Z denotes the first order

difference of Z and t represents a certain time point.

Forecasts of the business loan default rates were calculated using the forecast-

ing dataset and Equation 3. The forecasted values are presented in Appendix 2

and plotted with the historical values in Figure 6.
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Figure 6: The business loan default rate data with forecasts

Business loan default rate model was also validated with the same validation

process. The final model on training dataset was ARIMA(0,1,0)(2,0,0)[12] with

macroeconomic variables with their respective lags:

• CPI - 4

RMSE values of all the fitted models are displayed in Table 5. Model with the

lowest RMSE value was SARIMAX, following ARIMA and beta regression models.

Table 5: Business loan model validation RMSE values

Model type RMSE value MAE value

ARIMAX 0.98 · 10−5 2.41 · 10−3

ARIMA 1.16 · 10−5 2.77 · 10−3

Beta regression 2.28 · 10−4 1.5 · 10−2
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5 Discussion

In a recent research paper by the European Banking Authority, random forest

models outperformed simpler, widely used models - specifically logistic regression

- in forecasting banking data. In the aforementioned paper, the authors note that

improvements in predictive accuracy may come at the expense of interpretability

and explainability. Although machine learning models present challenges in terms

of explainability, the most accurate model should still be used if possible. Model

selection is influenced by regulatory requirements, which may prefer simpler mod-

els. However, in the future, if machine learning models and their interpretation

improve, more complex models could be used. (Malikkidou and Strohbach, 2025)

Since the data and forecasts in this thesis are based on Estonian data, all modeling

must adhere to the expectations of the Estonian financial supervisory authority,

Finantsinspektsioon. This institution oversees the models and forecasts used in

regulatory documents, assessing their validity and interpretability. According to

Coop Pank’s experience, Finantsinspektsioon tends to favor simpler models over

complex machine learning models that are difficult to interpret. Moreover, default

rate forecasts are used in numerous annual calculations and reports subject to

regulatory oversight. Based on both Finantsinspektsioon’s recommendations and

Coop Pank’s experience, time series models are used in this thesis for default rate

forecasting.

For internal analyses and calculations that are not subject to regulatory review,

more accurate but less interpretable models may still be beneficial. These mod-

els can enhance forecasting accuracy, but may hinder effective communication and

shared understanding within the organization. In this thesis, a single forecasting

model is recommended for both external regulatory documentation and internal

corporate use. However, the needs and context of each use case should still be
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carefully considered.

The final models used for forecasting default rates are all (S)ARIMAX models,

fitted on differenced datasets. The business loan final model was a SARIMAX

model with yearly seasonality and a seasonal autoregressive component. In con-

trast, the consumer and home loan default rate models do not include any seasonal

components. Each loan type’s model also incorporates different lags of different

macroeconomic variables, indicating that the relationships between macroeconomic

indicators and default rates vary across loan types. It was validated that the final

models show better forecasting accuracy than fitted ARIMA and beta regression

models.

The default rate forecasts presented in the forecasting section of the thesis indicate

that under the base macroeconomic scenario, the predicted default rate forecasts

remain largely consistent with last year’s values. While the business and home

loan default rates remain relatively stable, with only a slight decrease, the con-

sumer loan default rates noticeably increase in the next three years compared to

the latest observed value. These results are expected, given that the base scenario

reflects macroeconomic conditions similar to those of the previous year.

As discussed in this thesis, the default rate models can also be used for stress

scenario forecasting. This involves applying macroeconomic forecasts from a stress

scenario to the same models developed during the forecasting stage. Since the

scenario affects only the input data used in forecasting, not the model itself, any

number of alternative scenarios can be tested using the established models.
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Conclusions

The aim of this thesis was to model and forecast default rates in Estonia, focusing

on three loan categories: home loans, consumer loans and business loans. A variety

of modeling approaches were considered, including regression models, time series

models and machine learning models. The models incorporated macroeconomic

variables, including those with available forecasts, to enhance predictive accuracy.

The primary outcome of the thesis was the selection of appropriate models and the

generation of base scenario forecasts for each loan type.

These forecasts are valuable tools in the financial sector, supporting internal anal-

ysis, regulatory reporting, capital planning, risk assessment and scenario analysis.

Although this thesis focused on base scenarios, the chosen models allow for future

testing under alternative scenarios. The real-life applicability of the forecasting

models was illustrated using Coop Pank as an example.

After evaluating different methods, time series models were ultimately selected

for their simplicity, interpretability and effectiveness. A separate model was fitted

for every loan type to provide tailored forecasts. The final models included an

ARIMAX model for consumer loans and SARIMAX models for home and busi-

ness loans. The resulting base scenario forecasts indicated that default rates are

expected to remain relatively stable in near future.

While machine learning models theoretically offer improved accuracy, their com-

plexity and lower transparency can hinder their adoption in regulated environ-

ments. Interpretability and explainability remain crucial for practical implemen-

tation. As machine learning models become more interpretable, their use in fore-

casting may increase. However, for the purposes of this thesis, time series models

were the most appropriate due to their balance of performance and clarity.
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Appendix 1. Data sources

Table 6: Macroeconomic historic data sources

Variable Citation Table

GDP (Statistikaamet, n.d.[a]) RAA0012

CPI (Statistikaamet, n.d.[a]) IA02

Unemployment rate (Statistikaamet, n.d.[a]) RAL0012

Salary (Statistikaamet, n.d.[a]) PA92

Euribor (European Central Bank, n.d.) -

EUR\USD rate (Eesti Pank, n.d.[b]) -

Oil price (World Bank Group, n.d.) -

Table 7: Default rate data sources

Default rates Citation Row name for dept over 90 days

Home loan (Eesti Pank, n.d.[a]) Housing loans

Consumer loan (Eesti Pank, n.d.[a]) Consumer credits

Business loan (Eesti Pank, n.d.[a]) Non-financial corporations

Historical and future datasets are seen in the files below. Datasets are given as

files due to the high number of rows and columns:
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Sheet1

		Year		Month		Home loan default rate		Consumer loan default rate		Business loan default rate		GDP		Euribor		Inflation		Salary		Unemployment rate		EUR/USD		Oil price

		2000		12		0.014		0.147		0.021		55.6		4.9392		119.14		367		0.1479768786		0.9305		25.1255

		2001		1		0.015		0.141		0.021		54.2666666667		4.7707		120.63		315		0.1454486766		0.9293		25.6363636364

		2001		2		0.016		0.137		0.018		52.9333333333		4.7558		121		328		0.1429204746		0.9248		27.406

		2001		3		0.017		0.137		0.021		51.6		4.7086		121.49		334		0.1403922725		0.8832		24.3954545455

		2001		4		0.016		0.131		0.029		53.5666666667		4.682		122.29		337		0.1372067028		0.8876		25.641

		2001		5		0.015		0.121		0.029		55.5333333333		4.6367		123.13		373		0.1340211332		0.848		28.4504761905

		2001		6		0.013		0.115		0.018		57.5		4.4536		123.43		397		0.1308355635		0.848		27.7242857143

		2001		7		0.014		0.111		0.016		56.8666666667		4.4671		123.86		331		0.1287932506		0.8755		24.5381818182

		2001		8		0.013		0.106		0.017		56.2333333333		4.3535		123.8		342		0.1267509376		0.9158		25.697826087

		2001		9		0.012		0.102		0.017		55.6		3.9829		123.89		344		0.1247086247		0.9131		25.544

		2001		10		0.011		0.098		0.026		56.6		3.5999		123.94		351		0.1240439634		0.9042		20.4782608696

		2001		11		0.01		0.09		0.025		57.6		3.3857		123.88		371		0.1233793022		0.8898		18.9422727273

		2001		12		0.009		0.08		0.021		58.6		3.3449		124.14		406		0.1227146409		0.8813		18.6047368421

		2002		1		0.009		0.074		0.021		56.9		3.3388		125.7		357		0.1212319695		0.8637		19.485

		2002		2		0.01		0.038		0.021		55.2		3.3571		126.37		352		0.119749298		0.8651		20.2915

		2002		3		0.01		0.037		0.022		53.5		3.3908		126.73		389		0.1182666265		0.8724		23.6905

		2002		4		0.009		0.034		0.027		56.4		3.4069		127.88		375		0.1121371501		0.9008		25.6540909091

		2002		5		0.009		0.033		0.028		59.3		3.4671		128.23		396		0.1060076737		0.9387		25.3872727273

		2002		6		0.009		0.034		0.026		62.2		3.464		128.11		446		0.0998781973		0.9975		24.1278947368

		2002		7		0.01		0.034		0.022		61.6		3.41		127.7		369		0.1017967325		0.9783		25.767826087

		2002		8		0.01		0.035		0.031		61		3.3519		127.07		368		0.1037152677		0.9833		26.6328571429

		2002		9		0.009		0.035		0.026		60.4		3.3101		127.21		385		0.1056338028		0.986		28.3423809524

		2002		10		0.008		0.035		0.02		61.1666666667		3.2613		127.89		391		0.1116459395		0.9864		27.5486956522

		2002		11		0.008		0.031		0.019		61.9333333333		3.1241		127.69		394		0.1176580761		0.9927		24.1847619048

		2002		12		0.008		0.028		0.016		62.7		2.941		127.47		463		0.1236702128		1.0487		28.5209523809

		2003		1		0.008		0.029		0.02		61.4		2.8318		128.94		391		0.1197530834		1.0816		31.2466666667

		2003		2		0.008		0.03		0.02		60.1		2.6875		129.37		394		0.1158359541		1.0782		32.6485

		2003		3		0.006		0.03		0.022		58.8		2.53		129.75		434		0.1119188248		1.0895		30.339047619

		2003		4		0.007		0.027		0.017		61.1333333333		2.5333		129.49		414		0.1121719323		1.1131		25.016

		2003		5		0.007		0.023		0.016		63.4666666667		2.4005		129.06		437		0.1124250398		1.1822		25.8095

		2003		6		0.008		0.025		0.018		65.8		2.1519		128.53		474		0.1126781473		1.1427		27.5457142857

		2003		7		0.007		0.023		0.018		65.3666666667		2.13		128.73		423		0.1074977696		1.1318		28.3982608696

		2003		8		0.007		0.023		0.016		64.9333333333		2.1404		128.68		400		0.102317392		1.0927		29.8257142857

		2003		9		0.007		0.023		0.012		64.5		2.1473		128.97		410		0.0971370143		1.1652		27.0981818182

		2003		10		0.006		0.024		0.01		65.5666666667		2.1436		129.18		432		0.095087766		1.1622		29.5904347826

		2003		11		0.005		0.023		0.01		66.6333333333		2.159		128.99		448		0.0930385177		1.1994		28.772

		2003		12		0.004		0.019		0.009		67.7		2.1463		128.83		487		0.0909892694		1.263		29.9266666667

		2004		1		0.005		0.013		0.01		66.7666666667		2.0895		129.55		416		0.0948768352		1.2384		31.1752380952

		2004		2		0.005		0.013		0.008		65.8333333333		2.0706		129.95		418		0.0987644009		1.2418		30.866

		2004		3		0.005		0.013		0.008		64.9		2.0288		130.22		459		0.1026519666		1.2224		33.7991304348

		2004		4		0.004		0.014		0.008		66.1		2.0488		131.16		448		0.1025188175		1.1947		33.3622727273

		2004		5		0.004		0.013		0.009		67.3		2.0859		133.87		464		0.1023856684		1.2198		37.9163157895

		2004		6		0.003		0.013		0.007		68.5		2.1127		134.33		506		0.1022525193		1.2155		35.1913636364

		2004		7		0.003		0.013		0.007		68.6333333333		2.116		133.96		447		0.1029307454		1.2039		38.3704545455

		2004		8		0.003		0.014		0.009		68.7666666667		2.1143		133.85		440		0.1036089716		1.2111		43.03

		2004		9		0.003		0.014		0.008		68.9		2.1186		134.03		457		0.1042871977		1.2409		43.3813636364

		2004		10		0.003		0.012		0.007		69.9666666667		2.1473		134.49		457		0.1011687911		1.2737		49.8180952381

		2004		11		0.003		0.012		0.006		71.0333333333		2.1703		135.04		490		0.0980503845		1.3295		43.0536363636

		2004		12		0.002		0.01		0.007		72.1		2.1732		135.27		527		0.0949319779		1.3621		39.6442857143

		2005		1		0.003		0.011		0.005		70.6666666667		2.1454		135.03		469		0.0952007504		1.3035		44.2833333333

		2005		2		0.003		0.011		0.003		69.2333333333		2.1384		135.82		470		0.0954695228		1.3257		45.557

		2005		3		0.003		0.011		0.003		67.8		2.1372		136.73		481		0.0957382953		1.2964		53.0840909091

		2005		4		0.003		0.011		0.003		70.5333333333		2.1372		137.3		502		0.0917844316		1.2957		51.8571428571

		2005		5		0.003		0.011		0.004		73.2666666667		2.1256		137.56		518		0.0878305679		1.2331		48.6659090909

		2005		6		0.002		0.01		0.003		76		2.111		138.53		565		0.0838767042		1.2092		54.3068181818

		2005		7		0.003		0.009		0.003		76.1		2.1194		139.04		501		0.0792107351		1.2093		57.5790476191

		2005		8		0.002		0.009		0.003		76.2		2.1325		139.45		485		0.074544766		1.2198		64.09

		2005		9		0.002		0.009		0.003		76.3		2.1391		140.59		503		0.0698787969		1.2042		62.9818181818

		2005		10		0.002		0.01		0.003		77.6666666667		2.1966		140.53		529		0.0702156806		1.2023		58.5219047619

		2005		11		0.002		0.01		0.003		79.0333333333		2.3609		140.32		541		0.0705525643		1.1769		55.535

		2005		12		0.002		0.009		0.002		80.4		2.4729		140.08		594		0.070889448		1.1797		56.7475

		2006		1		0.002		0.009		0.002		78.6		2.5117		141.31		536		0.0691215465		1.2118		63.5742857143

		2006		2		0.002		0.008		0.002		76.8		2.6004		142.01		530		0.067353645		1.1875		59.923

		2006		3		0.002		0.009		0.002		75		2.7226		142.15		581		0.0655857435		1.2104		62.2530434783

		2006		4		0.001		0.01		0.002		77.6333333333		2.7938		143.21		562		0.0644023119		1.2537		70.4421052632

		2006		5		0.001		0.011		0.002		80.2666666667		2.889		143.98		590		0.0632188804		1.2868		70.1872727273

		2006		6		0.001		0.012		0.001		82.9		2.9857		144.51		673		0.0620354488		1.2713		68.8577272727

		2006		7		0.002		0.013		0.002		83.1666666667		3.1022		145.3		573		0.0591609778		1.2767		73.8971428571

		2006		8		0.001		0.014		0.002		83.4333333333		3.2265		146.41		569		0.0562865067		1.2851		73.612173913

		2006		9		0.001		0.014		0.002		83.7		3.3354		145.87		597		0.0534120357		1.266		62.7719047619

		2006		10		0.001		0.015		0.002		85.2		3.502		145.69		611		0.0539619097		1.2696		58.38

		2006		11		0.001		0.015		0.002		86.7		3.5972		146.84		633		0.0545117836		1.32		58.4831818182

		2006		12		0.001		0.016		0.002		88.2		3.6842		147.28		713		0.0550616576		1.317		62.3147368421

		2007		1		0.001		0.008		0.001		86.1666666667		3.7519		148.54		631		0.0541801072		1.2954		54.2990909091

		2007		2		0.001		0.018		0.001		84.1333333333		3.8182		148.72		659		0.0532985568		1.3211		57.757

		2007		3		0.001		0.019		0.002		82.1		3.8909		150.26		691		0.0524170064		1.3318		62.1436363636

		2007		4		0.002		0.02		0.002		84.9		3.9753		151.12		684		0.0513310444		1.3605		67.3984210526

		2007		5		0.002		0.021		0.002		87.7		4.0714		152.18		728		0.0502450823		1.3453		67.4760869565

		2007		6		0.001		0.02		0.001		90.5		4.1478		152.92		807		0.0491591203		1.3505		71.3161904762

		2007		7		0.002		0.023		0.002		90.1333333333		4.2162		154.56		688		0.0463752463		1.3707		77.2040909091

		2007		8		0.002		0.023		0.002		89.7666666667		4.5436		154.75		692		0.0435913722		1.3705		70.7965217391

		2007		9		0.003		0.024		0.002		89.4		4.7417		156.38		711		0.0408074982		1.4179		77.127

		2007		10		0.003		0.026		0.002		90.5		4.6874		158.02		739		0.0408431273		1.4447		82.857826087

		2007		11		0.004		0.026		0.002		91.6		4.6385		160.18		775		0.0408787564		1.4761		92.5281818182

		2007		12		0.004		0.027		0.004		92.7		4.8484		161.37		842		0.0409143856		1.4721		91.45

		2008		1		0.004		0.029		0.004		87.9333333333		4.4815		164.88		758		0.0410014619		1.487		91.9204545454

		2008		2		0.004		0.033		0.004		83.1666666667		4.3621		165.46		810		0.0410885383		1.5167		94.8166666667

		2008		3		0.005		0.035		0.006		78.4		4.5964		166.7		797		0.0411756147		1.5812		103.2775

		2008		4		0.005		0.035		0.006		81.9333333333		4.7835		168.36		816		0.0406063812		1.554		110.1877272727

		2008		5		0.006		0.036		0.013		85.4666666667		4.8574		169.36		829		0.0400371476		1.5508		123.9361904762

		2008		6		0.007		0.038		0.013		89		4.9405		170.42		905		0.039467914		1.5764		133.0485714286

		2008		7		0.009		0.04		0.013		88.5		4.961		171.64		806		0.0470152893		1.5611		133.8730434783

		2008		8		0.01		0.041		0.017		88		4.9652		171.83		793		0.0545626645		1.4735		113.849047619

		2008		9		0.011		0.044		0.021		87.5		5.0192		172.8		801		0.0621100397		1.4303		99.0640909091

		2008		10		0.011		0.045		0.021		85.5666666667		5.1131		173.55		819		0.0660578998		1.2757		72.8426086957

		2008		11		0.012		0.047		0.023		83.6333333333		4.2383		173.03		842		0.0700057598		1.2727		53.241

		2008		12		0.013		0.05		0.027		81.7		3.2926		172.63		855		0.0739536199		1.3917		41.5809090909

		2009		1		0.016		0.055		0.034		77.4333333333		2.4565		171.58		780		0.0864038625		1.2816		44.86

		2009		2		0.019		0.06		0.04		73.1666666667		1.9431		171.01		760		0.0988541052		1.2644		43.2425

		2009		3		0.022		0.063		0.046		68.9		1.6355		170.09		791		0.1113043478		1.3308		46.8390909091

		2009		4		0.025		0.066		0.055		70.3666666667		1.4223		168.87		788		0.1179956649		1.3275		50.8452380952

		2009		5		0.028		0.069		0.062		71.8333333333		1.2817		168.9		775		0.124686982		1.4098		57.940952381

		2009		6		0.03		0.071		0.066		73.3		1.2279		168.84		875		0.1313782991		1.4134		68.6168181818

		2009		7		0.032		0.075		0.074		72.3333333333		0.975		170.38		767		0.1353614014		1.4138		64.91

		2009		8		0.034		0.078		0.077		71.3666666667		0.8605		170.35		720		0.1393445037		1.4272		72.5047619048

		2009		9		0.035		0.079		0.079		70.4		0.7721		170.01		770		0.143327606		1.4643		67.6868181818

		2009		10		0.035		0.08		0.079		71.8		0.7375		169.79		781		0.1469384001		1.48		73.1940909091

		2009		11		0.035		0.081		0.075		73.2		0.7162		169.43		760		0.1505491942		1.5023		77.0366666667

		2009		12		0.036		0.081		0.075		74.6		0.712		169.68		809		0.1541599883		1.4406		74.6695454546

		2010		1		0.037		0.085		0.077		72.3		0.6798		170.39		744		0.1677039821		1.3966		76.373

		2010		2		0.038		0.087		0.078		70		0.6617		170.75		751		0.1812479759		1.357		74.312

		2010		3		0.038		0.086		0.082		67.7		0.645		172.9		779		0.1947919697		1.3479		79.2747826087

		2010		4		0.039		0.085		0.079		70.0333333333		0.6447		173.75		789		0.1907911146		1.3315		84.9785714286

		2010		5		0.039		0.084		0.085		72.3666666667		0.6865		174.05		791		0.1867902595		1.2307		76.2509523809

		2010		6		0.039		0.084		0.089		74.7		0.7276		174.82		888		0.1827894044		1.2271		74.8381818182

		2010		7		0.04		0.085		0.09		74.5666666667		0.8488		175.3		755		0.1729384228		1.3028		74.7354545454

		2010		8		0.041		0.085		0.091		74.4333333333		0.8955		175.31		736		0.1630874413		1.268		76.6931818182

		2010		9		0.04		0.084		0.091		74.3		0.8805		176.75		785		0.1532364597		1.3648		77.7868181818

		2010		10		0.039		0.083		0.089		75.4333333333		0.9977		177.8		787		0.1472092665		1.3857		82.9180952381

		2010		11		0.039		0.084		0.086		76.5666666667		1.042		178.4		807		0.1411820734		1.2998		85.67

		2010		12		0.035		0.082		0.077		77.7		1.0217		179.38		849		0.1351548802		1.3362		91.7965217391

		2011		1		0.034		0.083		0.08		76.4333333333		1.0172		179.34		749		0.1375763796		1.3692		96.2942857143

		2011		2		0.036		0.083		0.077		75.1666666667		1.0867		180.5		785		0.139997879		1.3834		103.9555

		2011		3		0.036		0.083		0.075		73.9		1.1755		181.88		843		0.1424193784		1.4207		114.4413043478

		2011		4		0.035		0.081		0.075		76.2		1.3212		183.09		801		0.1382771649		1.486		123.07

		2011		5		0.034		0.081		0.077		78.5		1.4251		183.36		860		0.1341349513		1.4385		114.4581818182

		2011		6		0.034		0.082		0.073		80.8		1.4886		183.37		913		0.1299927378		1.4453		113.7577272727

		2011		7		0.034		0.08		0.075		80.9		1.5976		184.33		785		0.1222294754		1.426		116.46

		2011		8		0.034		0.081		0.077		81		1.5521		184.87		817		0.1144662129		1.445		110.0813043478

		2011		9		0.033		0.078		0.076		81.1		1.5365		185.86		826		0.1067029504		1.3503		110.8790909091

		2011		10		0.032		0.076		0.072		81.0666666667		1.5759		185.63		813		0.1086721842		1.4001		109.4685714286

		2011		11		0.03		0.075		0.068		81.0333333333		1.4847		185.83		868		0.1106414179		1.3418		110.5040909091

		2011		12		0.029		0.073		0.057		81		1.4261		186.05		918		0.1126106516		1.2939		107.909047619

		2012		1		0.029		0.073		0.057		79.4		1.2222		187.38		839		0.1126940652		1.3176		111.1561904762

		2012		2		0.028		0.076		0.055		77.8		1.0483		188.1		817		0.1127774788		1.3443		119.7023809524

		2012		3		0.028		0.075		0.055		76.2		0.8585		189.91		886		0.1128608924		1.3356		124.9286363636

		2012		4		0.027		0.074		0.054		78.7		0.7443		190.49		874		0.1086224484		1.3214		120.4635

		2012		5		0.026		0.072		0.051		81.2		0.6849		190.37		878		0.1043840044		1.2403		110.5217391304

		2012		6		0.025		0.072		0.05		83.7		0.6589		190.51		948		0.1001455604		1.259		95.5890476191

		2012		7		0.025		0.071		0.045		83.7333333333		0.497		190.98		861		0.0983704216		1.2284		103.1409090909

		2012		8		0.024		0.07		0.047		83.7666666667		0.3324		191.92		842		0.0965952827		1.2611		113.34

		2012		9		0.024		0.07		0.046		83.8		0.2463		192.87		864		0.0948201439		1.293		113.3825

		2012		10		0.022		0.068		0.044		84.1		0.2079		193.23		907		0.0935120098		1.2993		111.9734782609

		2012		11		0.021		0.059		0.039		84.4		0.192		192.6		887		0.0922038757		1.2986		109.7118181818

		2012		12		0.019		0.055		0.035		84.7		0.1855		192.48		957		0.0908957416		1.3194		109.6765

		2013		1		0.019		0.054		0.034		82.9333333333		0.2049		193.84		876		0.0936125682		1.355		112.9736363636

		2013		2		0.018		0.057		0.037		81.1666666667		0.2234		195.04		882		0.0963293949		1.3129		116.5195

		2013		3		0.018		0.053		0.034		79.4		0.2061		196.47		940		0.0990462216		1.2805		109.24

		2013		4		0.017		0.052		0.034		81.3333333333		0.2089		196.31		957		0.0926239872		1.3072		102.8754545455

		2013		5		0.017		0.051		0.032		83.2666666667		0.2012		196.71		954		0.0862017528		1.3006		103.0269565217

		2013		6		0.016		0.051		0.028		85.2		0.2103		197.69		1014		0.0797795184		1.308		103.11

		2013		7		0.016		0.05		0.03		85		0.2214		197.52		944		0.0792295392		1.3275		107.7160869565

		2013		8		0.016		0.049		0.029		84.8		0.2259		197.49		904		0.07867956		1.3235		110.9645454546

		2013		9		0.014		0.047		0.025		84.6		0.2232		196.83		942		0.0781295808		1.3505		111.6214285714

		2013		10		0.013		0.045		0.021		84.7		0.2258		196.16		962		0.0810355664		1.3641		109.4786956522

		2013		11		0.013		0.044		0.019		84.8		0.2234		195.44		968		0.083941552		1.3611		108.0761904762

		2013		12		0.012		0.043		0.018		84.9		0.2735		195.22		1028		0.0868475376		1.3791		110.674

		2014		1		0.012		0.043		0.018		83.2333333333		0.292		195.95		944		0.0862564926		1.3516		107.42

		2014		2		0.012		0.043		0.019		81.5666666667		0.2881		196.19		948		0.0856654475		1.3813		108.81

		2014		3		0.011		0.043		0.018		79.9		0.3053		196.77		1003		0.0850744025		1.3788		107.4

		2014		4		0.011		0.042		0.018		82.4		0.3297		196.72		996		0.0801296095		1.385		107.79

		2014		5		0.011		0.041		0.017		84.9		0.3246		196.9		1002		0.0751848165		1.3607		109.68

		2014		6		0.01		0.039		0.016		87.4		0.2414		196.97		1065		0.0702400236		1.3658		111.87

		2014		7		0.01		0.039		0.016		87.3		0.205		196.67		984		0.0717356409		1.3379		106.98

		2014		8		0.01		0.039		0.018		87.2		0.1916		196.07		956		0.0732312582		1.3188		101.92

		2014		9		0.01		0.039		0.019		87.1		0.0971		195.73		990		0.0747268755		1.2583		97.34

		2014		10		0.009		0.037		0.021		88.3666666667		0.0826		195.72		1024		0.070811034		1.2524		87.27

		2014		11		0.009		0.034		0.02		89.6333333333		0.0809		194.22		1021		0.0668951925		1.2483		78.44

		2014		12		0.008		0.033		0.018		90.9		0.0809		194.2		1068		0.062979351		1.2141		62.33

		2015		1		0.008		0.033		0.018		87.4666666667		0.0627		193.4		992		0.0639664419		1.1305		48.07

		2015		2		0.008		0.033		0.017		84.0333333333		0.0482		194.53		984		0.0649535327		1.124		57.93

		2015		3		0.008		0.031		0.015		80.6		0.0272		195.65		1053		0.0659406236		1.0759		55.79

		2015		4		0.007		0.03		0.015		83.7666666667		0.0047		196.58		1054		0.0655127676		1.1215		59.39

		2015		5		0.007		0.029		0.015		86.9333333333		-0.0104		197.01		1058		0.0650849115		1.097		64.56

		2015		6		0.007		0.028		0.019		90.1		-0.0139		196.7		1135		0.0646570555		1.1189		62.34

		2015		7		0.007		0.027		0.018		89.9		-0.0187		195.99		1051		0.0605055427		1.0967		55.87

		2015		8		0.007		0.027		0.021		89.7		-0.0277		195.42		1023		0.0563540299		1.1215		46.99

		2015		9		0.007		0.026		0.02		89.5		-0.037		194.34		1063		0.0522025172		1.1203		47.24

		2015		10		0.006		0.026		0.016		90.1333333333		-0.0536		194.54		1066		0.0561175315		1.1017		48.12

		2015		11		0.006		0.025		0.016		90.7666666667		-0.0876		193.92		1093		0.0600325458		1.0579		44.42

		2015		12		0.006		0.02		0.015		91.4		-0.1263		192.49		1160		0.0639475601		1.0887		37.72

		2016		1		0.006		0.02		0.015		89.4333333333		-0.1461		192.31		1067		0.0641339013		1.092		30.8

		2016		2		0.005		0.02		0.014		87.4666666667		-0.1836		193.63		1058		0.0643202426		1.0888		33.2

		2016		3		0.005		0.019		0.017		85.5		-0.2285		195.2		1148		0.0645065838		1.1385		39.07

		2016		4		0.005		0.018		0.017		87.4		-0.2492		195.11		1141		0.0644289068		1.1403		42.25

		2016		5		0.005		0.018		0.017		89.3		-0.2572		195.24		1129		0.0643512298		1.1154		47.13

		2016		6		0.005		0.017		0.017		91.2		-0.2679		195.89		1220		0.0642735528		1.1102		48.48

		2016		7		0.005		0.018		0.017		91.2		-0.2945		195.88		1126		0.0676882144		1.1113		45.07

		2016		8		0.005		0.016		0.017		91.2		-0.2982		196.01		1101		0.071102876		1.1132		46.14

		2016		9		0.005		0.016		0.017		91.2		-0.3016		196.38		1129		0.0745175377		1.1161		46.19

		2016		10		0.004		0.015		0.016		92.3333333333		-0.309		195.72		1140		0.0715992295		1.0946		49.73

		2016		11		0.004		0.016		0.016		93.4666666667		-0.3127		195.93		1158		0.0686809212		1.0635		46.44

		2016		12		0.004		0.015		0.015		94.6		-0.3158		196.76		1248		0.065762613		1.0541		54.07

		2017		1		0.004		0.015		0.015		92.7666666667		-0.3255		197.58		1121		0.0624463932		1.0755		54.89

		2017		2		0.004		0.015		0.016		90.9333333333		-0.3286		200.16		1117		0.0591301733		1.0597		55.49

		2017		3		0.004		0.015		0.013		89.1		-0.3293		200.72		1228		0.0558139535		1.0691		51.97

		2017		4		0.004		0.014		0.013		91.9		-0.3304		201.32		1220		0.0604133559		1.093		52.98

		2017		5		0.004		0.014		0.013		94.7		-0.3295		201.68		1201		0.0650127584		1.1221		50.87

		2017		6		0.004		0.014		0.011		97.5		-0.33		201.57		1311		0.0696121608		1.1412		46.89

		2017		7		0.004		0.014		0.012		96.6666666667		-0.3304		202.94		1201		0.0636755876		1.1727		48.69

		2017		8		0.004		0.013		0.011		95.8333333333		-0.3291		203.7		1180		0.0577390143		1.1825		51.37

		2017		9		0.004		0.013		0.014		95		-0.3294		203.57		1224		0.0518024411		1.1806		55.16

		2017		10		0.003		0.013		0.013		97.1		-0.3295		203.13		1231		0.0520243825		1.1638		57.62

		2017		11		0.004		0.013		0.014		99.2		-0.329		204.19		1251		0.0522463238		1.1849		62.57

		2017		12		0.003		0.01		0.013		101.3		-0.3279		203.54		1330		0.0524682652		1.1993		64.21

		2018		1		0.003		0.01		0.013		98.2666666667		-0.3285		204.44		1220		0.057378996		1.2457		68.99

		2018		2		0.003		0.011		0.013		95.2333333333		-0.3285		206.31		1213		0.0622897267		1.2214		65.42

		2018		3		0.003		0.011		0.012		92.2		-0.3279		206.35		1295		0.0672004575		1.2321		66.45

		2018		4		0.003		0.01		0.009		94.9		-0.3285		207.15		1312		0.061689953		1.2079		71.63

		2018		5		0.003		0.01		0.009		97.6		-0.3252		207.8		1298		0.0561794485		1.1699		76.65

		2018		6		0.003		0.011		0.009		100.3		-0.322		209.68		1354		0.0506689439		1.1658		75.19

		2018		7		0.003		0.012		0.01		99.9333333333		-0.3207		209.96		1296		0.0511027302		1.1736		74.44

		2018		8		0.003		0.011		0.009		99.5666666667		-0.319		210.96		1286		0.0515365164		1.1651		73.13

		2018		9		0.003		0.011		0.009		99.2		-0.3188		211.05		1292		0.0519703027		1.1576		78.86

		2018		10		0.003		0.01		0.009		101.2333333333		-0.3177		212.08		1327		0.049439628		1.1318		80.47

		2018		11		0.003		0.009		0.008		103.2666666667		-0.3164		211.04		1369		0.0469089534		1.1359		65.17

		2018		12		0.003		0.009		0.007		105.3		-0.3119		210.5		1455		0.0443782787		1.145		56.46

		2019		1		0.003		0.008		0.007		102.2666666667		-0.308		209.98		1309		0.0450815852		1.1488		59.27

		2019		2		0.003		0.008		0.007		99.2333333333		-0.3084		210.33		1317		0.0457848916		1.1416		64.13

		2019		3		0.003		0.008		0.008		96.2		-0.3092		211.05		1396		0.046488198		1.1235		66.41

		2019		4		0.002		0.008		0.008		98.3666666667		-0.3105		213.84		1411		0.0480032986		1.1218		71.2

		2019		5		0.002		0.008		0.007		100.5333333333		-0.3119		214.3		1400		0.0495183991		1.1151		70.53

		2019		6		0.002		0.008		0.007		102.7		-0.3289		214.66		1445		0.0510334996		1.138		63.3

		2019		7		0.002		0.008		0.007		103.1666666667		-0.3649		214.42		1435		0.0471852119		1.1151		64

		2019		8		0.002		0.007		0.007		103.6333333333		-0.4077		215.94		1365		0.0433369241		1.1036		59.25

		2019		9		0.002		0.008		0.006		104.1		-0.4176		215.6		1389		0.0394886364		1.0889		62.33

		2019		10		0.002		0.007		0.007		105.7		-0.4129		215.44		1422		0.040066144		1.1154		59.37

		2019		11		0.002		0.009		0.006		107.3		-0.4013		214.9		1446		0.0406436516		1.0982		62.74

		2019		12		0.002		0.01		0.007		108.9		-0.3947		214.22		1551		0.0412211593		1.1234		65.85

		2020		1		0.002		0.01		0.007		104.3666666667		-0.3911		213.4		1390		0.0443368334		1.1052		63.6

		2020		2		0.002		0.01		0.007		99.8333333333		-0.4089		214.45		1373		0.0474525076		1.0977		55

		2020		3		0.002		0.011		0.007		95.3		-0.4166		212.94		1451		0.0505681818		1.0956		32.98

		2020		4		0.002		0.013		0.008		95.2		-0.2541		212.09		1432		0.0576963875		1.0876		23.34

		2020		5		0.002		0.015		0.008		95.1		-0.272		210.67		1382		0.0648245932		1.1136		31.02

		2020		6		0.002		0.016		0.007		95		-0.376		212.57		1486		0.071952799		1.1198		39.93

		2020		7		0.002		0.016		0.007		97.4		-0.4441		212.57		1466		0.0732695108		1.1848		42.81

		2020		8		0.002		0.016		0.007		99.8		-0.4797		213.94		1400		0.0745862227		1.194		44.26

		2020		9		0.002		0.014		0.007		102.2		-0.4914		213.32		1457		0.0759029345		1.1708		41.09

		2020		10		0.002		0.014		0.006		103.9666666667		-0.5091		212.24		1461		0.0758473982		1.1698		40.47

		2020		11		0.001		0.014		0.006		105.7333333333		-0.5209		212.49		1481		0.0757918618		1.198		43.23

		2020		12		0.002		0.018		0.006		107.5		-0.5381		212.5		1604		0.0757363254		1.2271		49.87

		2021		1		0.002		0.019		0.006		104.7		-0.5472		213.88		1435		0.0738156135		1.2136		54.55

		2021		2		0.002		0.018		0.006		101.9		-0.5411		215.71		1439		0.0718949017		1.2121		61.96

		2021		3		0.001		0.018		0.006		99.1		-0.5391		215.25		1549		0.0699741898		1.1725		65.19

		2021		4		0.001		0.018		0.006		101.8666666667		-0.5382		216.13		1520		0.0692767083		1.2082		64.77

		2021		5		0.001		0.018		0.005		104.6333333333		-0.5401		218.16		1507		0.0685792267		1.2201		68.04

		2021		6		0.001		0.017		0.005		107.4		-0.5429		220.71		1586		0.0678817451		1.1884		73.07

		2021		7		0.001		0.02		0.005		107.8		-0.5448		223.12		1560		0.0640796914		1.1891		74.39

		2021		8		0.001		0.019		0.004		108.2		-0.5476		224.73		1533		0.0602776376		1.1834		70.02

		2021		9		0.001		0.017		0.004		108.6		-0.545		227.48		1563		0.0564755839		1.1579		74.6

		2021		10		0.001		0.017		0.004		110.2333333333		-0.5498		227.13		1541		0.0548770407		1.1645		83.65

		2021		11		0.001		0.015		0.003		111.8666666667		-0.5674		231.26		1583		0.0532784976		1.1363		80.77

		2021		12		0.001		0.015		0.002		113.5		-0.582		238.35		1756		0.0516799544		1.1326		74.31

		2022		1		0.001		0.015		0.002		110		-0.5601		238.13		1532		0.0527968271		1.1156		85.53

		2022		2		0.001		0.015		0.002		106.5		-0.5315		241.59		1517		0.0539136998		1.1199		95.76

		2022		3		0.001		0.014		0.003		103		-0.4954		248.03		1735		0.0550305725		1.1101		115.59

		2022		4		0.001		0.013		0.003		104.3666666667		-0.4479		256.86		1672		0.0559444604		1.054		105.78

		2022		5		0.001		0.013		0.003		105.7333333333		-0.3857		261.8		1653		0.0568583482		1.0713		112.37

		2022		6		0.001		0.013		0.003		107.1		-0.2392		268.94		1754		0.0577722361		1.0387		120.08

		2022		7		0.001		0.013		0.003		107.5333333333		0.0366		274.1		1669		0.0571045676		1.0198		108.92

		2022		8		0.001		0.013		0.003		107.9666666667		0.3947		280.42		1668		0.0564368992		1		98.6

		2022		9		0.001		0.012		0.002		108.4		1.0109		281.34		1701		0.0557692308		0.9748		90.16

		2022		10		0.001		0.015		0.002		109.0666666667		1.4277		278.21		1685		0.054957265		0.9914		93.13

		2022		11		0.001		0.014		0.002		109.7333333333		1.8252		280.61		1741		0.0541452991		1.0376		91.07

		2022		12		0.001		0.015		0.002		110.4		2.0635		280.28		1901		0.0533333333		1.0666		80.9

		2023		1		0.001		0.018		0.002		106.2		2.3449		282.4		1847.6666666667		0.0530358846		1.0833		83.09

		2023		2		0.001		0.019		0.003		102		2.6403		284		1794.3333333333		0.0527384359		1.0619		82.71

		2023		3		0.001		0.02		0.003		97.8		2.9106		285.88		1741		0.0524409871		1.0875		78.53

		2023		4		0.001		0.021		0.003		100.0333333333		3.167		291.51		1784.6666666667		0.0571651875		1.0981		84.11

		2023		5		0.001		0.021		0.003		102.2666666667		3.3664		291.44		1828.3333333333		0.0618893878		1.0683		75.7

		2023		6		0.001		0.021		0.003		104.5		3.5359		293.57		1872		0.0666135881		1.0866		74.89

		2023		7		0.001		0.022		0.002		104.8		3.6718		291.72		1852		0.0685425858		1.1023		80.1

		2023		8		0.001		0.022		0.002		105.1		3.7803		293.31		1832		0.0704715836		1.0868		86.163

		2023		9		0.001		0.022		0.002		105.4		3.88		293.17		1812		0.0724005813		1.0594		94

		2023		10		0.001		0.023		0.002		106.3333333333		3.9676		291.86		1842.6666666667		0.0690335426		1.0619		91.061

		2023		11		0.001		0.022		0.002		107.2666666667		3.9716		291.86		1873.3333333333		0.0656665039		1.0931		83.183

		2023		12		0.001		0.023		0.002		108.2		3.9331		291.59		1904		0.0622994652		1.105		77.858

		2024		1		0.001		0.025		0.002		104.2		3.9253		295.79		1900.6666666667		0.067308654		1.0837		80.227

		2024		2		0.001		0.025		0.002		100.2		3.9232		295.81		1897.3333333333		0.0723178428		1.0826		83.764

		2024		3		0.001		0.026		0.002		96.2		3.9224		296.96		1894		0.0773270316		1.0811		85.447

		2024		4		0.001		0.026		0.002		98.8666666667		3.8864		299.62		1931.6666666667		0.0764565595		1.0718		90.054

		2024		5		0.001		0.027		0.002		101.5333333333		3.8137		299.88		1969.3333333333		0.0755860874		1.0852		81.995

		2024		6		0.001		0.027		0.002		104.2		3.7245		300.97		2007		0.0747156153		1.0705		82.555

		2024		7		0.001		0.028		0.002		104.4666666667		3.6848		301.74		1991		0.0743998581		1.0828		85.296

		2024		8		0.001		0.028		0.002		104.7333333333		3.5476		302.8		1975		0.074084101		1.1087		80.863

		2024		9		0.001		0.015		0.002		105		3.4337		302		1959		0.0737683438		1.1196		74.293

		2024		10		0.001		0.016		0.003		106.5		3.1666		303.82		1993.3333333333		0.0734588397		1.0882		75.662

		2024		11		0.001		0.016		0.004		108		3.0068		302.56		2027.6666666667		0.0731493355		1.0562		74.395

		2024		12		0.001		0.015		0.004		109.5		2.8161		303.01		2062		0.0728398314		1.0389		73.833






Sheet1

		Year		Month		GDP		Euribor		Inflation		Salary		Unemployment rate		EUR/USD		Oil price

		2025		1		104.8047		2.77134375		303.8243394		1967.25		0.073720319		1.04040625		73.7059375

		2025		2		104.9094		2.7265875		304.6386788		1975.5		0.073672298		1.0419125		73.578875

		2025		3		105.1188		2.637075		306.2673575		1992		0.073576255		1.044925		73.32475

		2025		4		105.2235		2.59231875		307.0816969		2000.25		0.073528234		1.04643125		73.1976875

		2025		5		105.3282		2.5475625		307.8960363		2008.5		0.073480213		1.0479375		73.070625

		2025		6		105.5376		2.45805		309.524715		2025		0.07338417		1.05095		72.8165

		2025		7		105.6423		2.41329375		310.3390544		2033.25		0.073336149		1.05245625		72.6894375

		2025		8		105.747		2.3685375		311.1533938		2041.5		0.073288128		1.0539625		72.562375

		2025		9		105.9564		2.279025		312.7820725		2058		0.073192085		1.056975		72.30825

		2025		10		106.0611		2.23426875		313.5964119		2066.25		0.073144064		1.05848125		72.1811875

		2025		11		106.1658		2.1895125		314.4107513		2074.5		0.073096043		1.0599875		72.054125

		2025		12		106.3752		2.1		316.03943		2091		0.073		1.063		71.8

		2026		1		106.5680051		2.09375		316.7505187		2097.6875		0.07275		1.063		71.69375

		2026		2		106.7608101		2.0875		317.4616074		2104.375		0.0725		1.063		71.5875

		2026		3		107.1464202		2.075		318.8837849		2117.75		0.072		1.063		71.375

		2026		4		107.3392253		2.06875		319.5948736		2124.4375		0.07175		1.063		71.26875

		2026		5		107.5320303		2.0625		320.3059623		2131.125		0.0715		1.063		71.1625

		2026		6		107.9176404		2.05		321.7281397		2144.5		0.071		1.063		70.95

		2026		7		108.1104455		2.04375		322.4392285		2151.1875		0.07075		1.063		70.84375

		2026		8		108.3032505		2.0375		323.1503172		2157.875		0.0705		1.063		70.7375

		2026		9		108.6888606		2.025		324.5724946		2171.25		0.07		1.063		70.525

		2026		10		108.8816657		2.01875		325.2835833		2177.9375		0.06975		1.063		70.41875

		2026		11		109.0744707		2.0125		325.994672		2184.625		0.0695		1.063		70.3125

		2026		12		109.4600808		2		327.4168495		2198		0.069		1.063		70.1

		2027		1		109.6584772		2.0125		327.9693654		2204.5		0.068625		1.063		70.04375

		2027		2		109.8568736		2.025		328.5218813		2211		0.06825		1.063		69.9875

		2027		3		110.2536664		2.05		329.6269132		2224		0.0675		1.063		69.875

		2027		4		110.4520628		2.0625		330.1794291		2230.5		0.067125		1.063		69.81875

		2027		5		110.6504592		2.075		330.7319451		2237		0.06675		1.063		69.7625

		2027		6		111.047252		2.1		331.8369769		2250		0.066		1.063		69.65

		2027		7		111.2456484		2.1125		332.3894929		2256.5		0.065625		1.063		69.59375

		2027		8		111.4440448		2.125		332.9420088		2263		0.06525		1.063		69.5375

		2027		9		111.8408376		2.15		334.0470407		2276		0.0645		1.063		69.425

		2027		10		112.039234		2.1625		334.5995566		2282.5		0.064125		1.063		69.36875

		2027		11		112.2376304		2.175		335.1520725		2289		0.06375		1.063		69.3125

		2027		12		112.6344231		2.2		336.2571044		2302		0.063		1.063		69.2







Appendix 2. Time series models forecasts

Table 8: Forecasted default rate values

Year Month Home loans Consumer loans Business loans

2025 1 0.0987 % 1.4918 % 0.5012 %

2025 2 0.0965 % 1.5558 % 0.5011 %

2025 3 0.096 % 1.5579 % 0.5007 %

2025 4 0.093 % 1.577 % 0.5005 %

2025 5 0.1003 % 1.6365 % 0.5003 %

2025 6 0.0911 % 1.6356 % 0.4999 %

2025 7 0.0987 % 1.6279 % 0.5001 %

2025 8 0.0989 % 1.598 % 0.5004 %

2025 9 0.0988 % 1.608 % 0.5004 %

2025 10 0.0988 % 1.6136 % 0.5001 %

2025 11 0.099 % 1.6427 % 0.4997 %

2025 12 0.0988 % 1.6269 % 0.4992 %

2026 1 0.0989 % 1.64 % 0.499 %

2026 2 0.0991 % 1.6439 % 0.4989 %

2026 3 0.0989 % 1.6655 % 0.4986 %

2026 4 0.099 % 1.6818 % 0.4984 %

2026 5 0.0991 % 1.6777 % 0.4981 %

2026 6 0.0989 % 1.678 % 0.4977 %

2026 7 0.0986 % 1.7219 % 0.498 %

2026 8 0.0987 % 1.7556 % 0.4979 %

2026 9 0.0982 % 1.7791 % 0.4977 %
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Year Month Home loans Consumer loans Business loans

2026 10 0.0979 % 1.8028 % 0.4975 %

2026 11 0.098 % 1.8144 % 0.4974 %

2026 12 0.0975 % 1.8245 % 0.4972 %

2027 1 0.0973 % 1.8489 % 0.4971 %

2027 2 0.0973 % 1.8593 % 0.497 %

2027 3 0.0968 % 1.8683 % 0.4969 %

2027 4 0.966 % 1.89 % 0.4968 %

2027 5 0.0966 % 1.9007 % 0.4972 %

2027 6 0.0961 % 1.9108 % 0.4966 %

2027 7 0.0959 % 1.934 % 0.4965 %

2027 8 0.0959 % 1.9469 % 0.4964 %

2027 9 0.0953 % 1.9574 % 0.4963 %

2027 10 0.095 % 1.9823 % 0.4962 %

2027 11 0.095 % 1.9967 % 0.4961 %

2027 12 0.0945 % 2.0097 % 0.4959 %

34



Non-exclusive licence to reproduce thesis and make thesis public

I, Stein-Marten Pool,

1. grant the University of Tartu a free permit (non-exclusive licence) to re-

produce, for the purpose of preservation, including for adding to the digital

archives of the University of Tartu until the expiry of the term of copyright,

my thesis Forecasting loan default rates using macroeconomic variables, su-

pervised by Meelis Käärik;

2. grant the University of Tartu a permit to make the work specified in point 1

available to the public via the web environment of the University of Tartu,

including via the digital archives, under the Creative Commons licence CC

BY NC ND 4.0, which allows, by giving appropriate credit to the author,

to reproduce, distribute the work and communicate it to the public, and

prohibits the creation of derivative works and any commercial use of the

work until the expiry of the term of copyright;

3. am aware of the fact that the author retains the rights specified in point 1

and 2;

4. confirm that granting the non-exclusive licence does not infringe other per-

sons’ intellectual property rights or rights arising from the personal data

protection legislation.

Stein-Marten Pool

19/05/2025

35


	Introduction
	Default rate modeling in the financial sector
	Default rate modeling
	Regulatory requirements
	The Estonian Financial Supervisory Authority
	ICAAP

	Usage of default rate models in Coop Pank

	Datasets
	Modeling dataset description
	Forecasting dataset description

	Statistical models
	Regression models
	Beta regression
	ARIMA and SARIMA
	ARIMAX and SARIMAX

	Default rate forecasting
	Consumer loans
	Home loans
	Business loans

	Discussion
	Conclusions
	References
	Appendix 1. Data sources
	Appendix 2. Time series models forecasts

