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We investigate the relative merits of econometric and ensemble machine learning models in
predicting deposit interest rates in Azerbaijan, Chile, and Colombia, three oil-sensitive emerging
countries operating under different monetary regimes. Using annual data spanning 1995-2024, and
out-of-sample performance evaluation on 2015-2024, under an expanding-window walk-forward
approach, we compare a benchmark ARIMAX with three ensemble methods, viz. Random Forest
(RF), Gradient Boosting (GB) and an RF-GB combination. Central banks in commodity-driven co-
untries navigating external shocks find predicting interest rates particularly difficult [6, 18]. Our
estimation shows that tree-based machine learning approaches outperform the linear benchmark in
forecasting interest rates, bringing the pooled RMSE down by 42% for Gradient Boosting. The lar-
gest gains come in Azerbaijan, where interest rates have become relatively persistent and depen-
dent on a relatively small set of domestic variables as a consequence of its currency peg. More cri-
tically, this paper highlights that ML outperformance is contingent on the regime; we find that inte-
rest rates become difficult to forecast under oil shocks with the benchmark ARIMAX approach but
Gradient Boosting models fare much better. The economic magnitude of the ML gains can be quite
substantial although our estimations indicate that this doesn't quite result in Diebold-Mariano sta-
tistical significance due to limited sample sizes. The same pattern holds for the lending rate.

Keywords: Interest rate forecasting, machine learning, ensemble methods, monetary policy
regimes, oil price shocks, emerging economies, ARIMAX.

INTRODUCTION

The accuracy of interest rate forecasts remains a cornerstone in formulating sound monetary
policy and ensuring financial stability. Central banks make use of these forecasts to shape their mo-
netary policy stances while private individuals, financial institutions and firm management rely on
these projections for portfolio selection, asset allocation and investment decisions. However, exter-
nal shocks in global commodity prices often have direct repercussions on domestic prices and poli-
cy rates, and add another layer of complexity to interest rate forecasting in emerging markets.

Three emerging market economies, Azerbaijan, Chile and Colombia, are selected to study this
issue as they are subject to similar shock transmission (oil price volatilities) but differ substantially
in terms of policy framework. Whereas Chile and Colombia operate well-established inflation-
targeting regimes with flexible exchange rates, Azerbaijan maintains a more rigid framework an-
chored on a constant peg of the manat. This provides a useful laboratory for exploring how institu-
tional design affects the persistence of interest rates and, in turn, forecasting performance.

Most of the work on economic forecasting uses time series models such as the ARIMAX as a
reference point, for it is easily understandable by researchers and policy makers due to its structure
of a direct pass-through from variables included in the model to the forecasting target, in a relati-
vely transparent and theory-consistent fashion. Yet, models under a linear specification fail to ade-
quately capture higher-dimensional relationships, more complex financial market data, and non-
stationarities often observed in recent datasets. And they may be suffering from an inappropriate
assumption of constant pass-through from the regressors to the dependent variable; this may change
over time due to structural breaks or severe shocks, which can thus undermine the forecast results.
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This work extends, in some manner, the previous literature by proposing machine learning algo-
rithms for forecasting interest rates. Particularly, ensemble methods based on decision trees are em-
ployed: Random Forest and Gradient Boosting Machines (GBMs). These tree-based models capture
non-linear relationships and interactions between variables without any need for explicit structural
assumptions. Several papers argue in favor of models of this type in large datasets.

This paper assesses the out-of-sample predictive accuracy of four competing models, namely
ARIMAX, Random Forest, Gradient Boosting and an RF-GB ensemble, using a walk-forward out-
of-sample scheme on the 2015-2024 sample. We make a contribution to the literature by showing
that the effectiveness of machine learning models does not uniformly exceed the ARIMAX bench-
mark, but rather depends on the macroeconomic environment. We show that ensemble methods
greatly improve accuracy on average, reducing the pooled RMSE from 3.06 to 1.78, but the useful-
ness is concentrated in times of monetary policy stress, such as large oil shocks, where the accuracy
gain is driven by the loss of accuracy of the ARIMAX. We find that the ARIMAX error rises by
89% in these years, whereas the Gradient Boosting error rises by only 14%. We are honest regar-
ding the low power of small-sample macro tests, and our large economic improvements are statisti-
cally insignificant in Diebold-Mariano tests.

PROBLEM STATEMENT

It is notoriously difficult for emerging market countries to preserve macro-financial stabi-
lity, because their economies often tend to be quite susceptible to global commodity price varia-
tions. A central bank in Azerbaijan, Chile or Colombia must manage a tricky system where a
shock emanating from abroad affects inflation, exchange rates and the domestic policy setting at
the same time through multiple transmission channels. These various demands on the system
are typically not captured by conventional modeling techniques, in particular if the underlying
connection between drivers and the policy interest rate is non-stationary. The literature has
thoroughly analyzed linear models, but not really documented the impact of alternative mone-
tary regimes, from very tight exchange rate pegs to inflation targeting in a free-floating frame-
work, on the stability of models in times of high external stress. Our concern is with structural
instability in the linear pass-through mechanisms upon which forecasts with conventional tech-
niques rest. The present analysis argues that the real flaw of all common models like the linear
ARIMAX benchmark is the insistence on a linear relationship between the regressors and the
policy rate target. Our estimates illustrate this: while the models perform reasonably well in
years without oil shocks (RMSE of 2.48), they perform poorly in years with oil shocks, as the
RMSE rises by 89% to 4.69. These results indicate that linear models are simply unable to rep-
resent the flattening of relationships when Brent prices plunge.

Traditionally, policy institutions relied on econometric tools that fall short when applied to
data that is increasingly high-dimensional and non-linear. Upon the occurrence of an oil shock, the
macroeconomic policy response to the shock is better captured by a model that has been shown to
allow for responses that depend on the regime. Machine learning algorithms, particularly tree-based
ensemble algorithms (e.g. Random Forest, Gradient Boosting), need not impose a specific function-
al form and therefore provide a flexible alternative due to the fact that functional forms are learned
from the data themselves. Nevertheless, lack of transparency, the so-called black-box problem, has
prevented central banks from fully embracing the application of such techniques in the small-
sample setting of macroeconometrics.

Adding to the difficulty of forecasting is the significant institutional diversity of oil-sensitive
economies. For countries such as Azerbaijan, the manat peg ensures that the deposit rate is highly
persistent, even though the ARIMAX overreacts drastically over the crisis years. We also observe
that the simple linear benchmark performs relatively well for a policy-anchored economy such as
Chile, but still not as well as the ensembles perform during times of high volatility. As the figures
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below show, the added value of machine learning is not a given but is confined to the extreme crisis
years.

A further diagnostic problem concerns the low power of macroeconomic series sampled at an-
nual frequency. For our historical sample 2015-2024, the economically large gains of ensemble le-
arners are not statistically significant in the Diebold-Mariano test, producing a pooled p-value of
0.14. For research and policy purposes, this presents a trade-off between placing authority on one
low-power test statistic and the regime-conditional pattern of accuracy. We address this trade-off by
documenting the regime-conditional behavior of a potentially larger family of ensemble learners
and verify their robustness over the lending rate as well as their raison d'étre in their ability to with-
stand structural breaks.

LITERATURE REVIEW

The linear ARIMA and ARIMAX specifications have traditionally been used by most mone-
tary policy makers and are difficult to beat with simple univariate alternatives [9, 11]. However,
while linear models provide a great theoretical basis and are highly interpretable, their explicit para-
metric forms can cause them to be ineffective when the underlying process experiences structural
changes [8, 10]. The interest herein is how the linear models perform against their nonparametric
counterparts, under conditions of structural change often encountered in emerging markets’ data-
sets. Conventional wisdom holds that although small models are more robust, they usually fall short
in accounting for the nonlinearity and high-dimensional character of contemporary financial varia-
bles [12, 15].

The growing availability of high-dimensional macroeconomic data has led to a slow migrati-
on toward machine learning within the field of central banking [3]. Empirical studies find that these
data-driven models perform well at reducing out-of-sample forecast errors in volatile emerging mar-
kets [14]. We find that ensemble and tree-based ML consistently outperform the benchmark ARI-
MAX in the deposit rate forecast across the panel, reducing the pooled RMSE from 3.06 to 1.78
(Gradient Boosting).

Recent tree-based ensemble models, such as Random Forest and Gradient Boosting, are often
used as competitive state-of-the-art benchmark models in time-series forecasting for finance [3, 5].
These models essentially represent non-linear systems by a tree structure built up of simple local
models, managing the bias-variance trade-off [3]. This machine learning advantage appears to be
strictly regime-specific, with Gradient Boosting resilient to oil shocks, and with ARIMAX accuracy
falling dramatically — which suggests that tree learners are better able to capture the regime-specific
dynamics that are present when an outside shock alters the existing regime of policy. Finally, evi-
dence suggests that in the Azerbaijan case study the reduction in RMSE by using Gradient Boost-
ing, from 3.79 to 0.62, is a sixfold gain resulting from the hard peg on the manat that made the rate
extremely persistent and closely driven by local factors.

In a context of macroeconomic instability — often arising from shocks such as the variation in
Brent price — the steady linearity of a linear specification is problematic. The pass-through from re-
gressors to regressands in linear models is assumed constant and cannot be relied upon in a context
where an external shock simultaneously affects inflation, the exchange rate and the stance of do-
mestic policy [1, 6]. Our results indicate that in the context of oil price shocks the RMSE of our
ARIMAX increases by 89 percent. Conversely, the machine learning estimation increases its RMSE
by only 14 percent, indicating that linear models bend when macroeconomic relationships are
stressed the most, thereby showing the value of the nonlinear models during crisis periods. A simi-
lar difficulty in macroeconomic forecasting arises in assessing superiority in small samples. Altho-
ugh DM tests are widely used to test the superiority of models, they do not always reach the power
threshold for annual series [9, 13]. Even though economically huge gains in predictive accuracy are
shown, we find that the pooled DM statistic of 1.535 is not significant at the 10 percent level. We
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still mention this finding clearly, and we trust the whole pattern, including the robustness test in
which machine learning reduces the pooled RMSE for the lending rate by 61 percent. Such power
limitations are common for short annual series of macro variables [12].

METHODOLOGY

The article's empirical methodology consists of implementing an expanding-window walk-
forward scheme to assess one-step-ahead forecasts for the time span 2015-2024. The estimations
start by employing data back to 1995, thereafter including yearly data one by one into the training
data to reflect the data available for the monetary authorities in real time. In this manner the model
estimates are revised with updated data to accommodate any potential changes in the economic
structure in terms of the interest rate environment [3, 10]. Two further checks are of particular con-
cern here. First, we test the relative constancy of the models across the regimes identified for our
sample, distinguishing calm years from periods of oil price turbulence. Second, we apply the esti-
mated models to another market rate, the lending rate, to verify that our results are not specific to
the deposit rate.

Our benchmark model is based on a classical linear specification (ARIMAX). Linear models
were for many years, due to their transparency and simplicity of estimation, the predominant met-
hods for macroeconomic forecasting. To account for external and domestic drivers of interest rates
in a commodity-driven economy, we include in our benchmark as exogenous variables CPI infla-
tion, broad money growth, real GDP growth, the change in the exchange rate and the year-on-year
change in the Brent crude oil price, each entering both contemporaneously and with a one-period
lag [6, 18]. Although robust under stable conditions, such models make a strong assumption of a
fixed relation between the explanatory variables and the target, which often breaks down under
structural changes [8]. As suggested by the evidence here, the oil price shocks cause the rigid pass-
through mechanism in the linear benchmark to collapse. In general, the linear paradigm seems in-
sufficient to account for the dynamics and non-stationarity typically encountered in financial data
for emerging market economies.

The second model under evaluation is the Random Forest, an ensemble method which con-
structs a number of decision trees by bootstrapping the input data samples and by drawing random
subspaces of the predictors [5, 9]. The algorithm uses a random selection of variables to decide
where to split at each step, thus reducing the variance of the final estimator. As opposed to methods
such as OLS, tree learning algorithms explain the underlying process by a sequence of simple local
rules that can express nonlinear relationships between variables without assuming a specific func-
tional form [3, 15]. These allow us to capture the nonlinear, regime-specific linkages with which
this paper is concerned. It seems that Random Forest manages to trade off bias and variance reaso-
nably well even with a small sample size.

Whereas Random Forest grows its trees independently and combines them by averaging, Gra-
dient Boosting builds the ensemble sequentially, fitting each successive tree to the negative gradient
of the loss function evaluated at the previous step [5, 11]. This stage-wise additive modeling allows
the algorithm to learn by correcting past mistakes and to approximate the function of interest slowly
by adding to the ensemble until a stopping rule is satisfied. The model is estimated under squared-
error loss with 300 trees of depth two, a learning rate of 0.03, and subsampling of 80% of the train-
ing observations at each iteration, a deliberately conservative configuration given the short annual
sample [5]. We find that our estimates with this algorithm yield the best pooled forecast for emer-
ging market economies, particularly in Azerbaijan with the highest level of persistence, driven by
the peg of the currency. The robustness we observe implies that this model type is more capable of
capturing how relationships among macroeconomic variables bend in a crisis.

Our final estimated model, an RF-GB ensemble, simply takes the average of the pooled fore-
casts generated by the two tree-based models in order to leverage their complementary properties.
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Such averaging or ensembling is a common strategy in central banking to manage model uncerta-
inty and improve forecast generalizability [8, 10]. To formally test the statistical differences in ac-
curacy between our preferred ensemble and baseline ARIMAX forecasts, we apply the Diebold-
Mariano [4] test with the Harvey, Leybourne and Newbold [7] correction for small-sample size,
which is critical when testing time series that consist of limited observations [9, 13]. The limitations
of formal inference with short data series are visible here, as although machine learning methods
deliver economically substantial gains, our pooled Diebold-Mariano test statistic produces a p-value
of 0.14, which falls outside the 10% level of significance. The estimates are clearly presented to
highlight the importance of ensemble models not in their isolated test results but in their ability to
withstand structural changes.

DATA

The empirical analysis is carried out using a dataset spanning 1995 to 2024 for the economies
of Azerbaijan, Chile, and Colombia. Our selections for Azerbaijan, Chile, and Colombia are desig-
ned to provide a comparison between a strong exchange rate anchor for a major oil-exporting nation
and the float/inflation-targeting experience for the two commodity-dependent Andean nations [6,
18]. We choose the deposit interest rate as our central target variable, and the lending interest rate as
a second, robustness-testing, target variable. Both interest rates and other macroeconomic indicators
come from the World Bank's World Development Indicators [16]. Note that, in the case of the Chi-
lean lending rate, the series is only available up to 2018 due to the cessation of World Bank source
coverage. This is noted and accounted for in the robustness-check sample window for that variable.
Our choice of exogenous regressors for both series captures several of the dimensions of shocks
with which central banks in emerging markets must cope: domestic monetary conditions (proxied
by CPI inflation and broad money growth), real activity (proxied by GDP growth) and external
shocks (proxied by the year-on-year change in the Brent crude oil price and by the change in the
exchange rate). The oil price data are obtained from the World Bank Commaodity Markets Pink She-
et [17]. Estimates suggest that the deposit rate for Azerbaijan is narrowly set within the corridor of
8-13 per cent, the expected band in the manat peg, whereas both Andean economies show high
double-digit annual interest rate volatility in the 1990s, which becomes a largely single-digit phe-
nomenon as inflation targeting matures (Figure 1).
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Fig. 1. Deposit interest rates in Azerbaijan, Chile, and Colombia, 1995-2024. Shaded bands mark
oil-shock years (Brent annual decline exceeding 20%).
Source: Author's calculations based on World Bank World Development Indicators [16] and World
Bank Commaodity Markets Pink Sheet [17]

As an important part of our strategy, we systematically split the sample into different econo-
mic regimes in order to reveal how our model behaves under stress. Oil-shock years are identified
as years when annual Brent prices fall by more than 20%. These include 6 shock observations in our
estimation horizon of 2015-2024, whereas 24 test observations fall into calm years. The necessity
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to differentiate seems clear given that, in response to external commodity fluctuations, the central
bank is sometimes compelled to adjust its policy rate in a nonlinear fashion (Ha et al. [6]).

The standard data preprocessing methods are used for maintaining the statistical validity of in-
put features. Each of the time series is rendered stationary (where it seems reasonable and needed),
and all of the predictors are rescaled to prevent scale influence on the machine learning estimation
[3, 14]. Our estimates suggest the largest feature importance goes to the interest rate of the previous
period, followed by CPI inflation and its lag, whereas output growth, exchange rate changes, Brent
price changes and broad money growth carry smaller, though non-zero, weights. We observed no
variation in the feature ranking between the pooled and country-level estimates.

RESULTS AND DISCUSSION

We start our empirical analysis by assessing the forecast accuracy across the entire panel, as
presented in the pooled findings of Table 1. The results demonstrate that tree-based machine lear-
ning specifications perform consistently better than the linear ARIMAX baseline regarding quadra-
tic and absolute loss. In particular, our estimates suggest that the use of Gradient Boosting improves
the pooled RMSE from 3.06 to 1.78 (42% accuracy improvement) while the RF-GB ensemble pro-
duces a very close forecast error of 1.85. These gains reflect recent empirical results showing that
the use of ensemble methods provides more satisfactory forecasts, particularly for the nonlinear fi-
nancial series of emerging economies [2, 14].

Out-of-sample forecast accuracy for the deposit interest rate, 2015-2024 Teble
Country Model RMSE MAE MAPE (%)

Azerbaijan ARIMAX 3.79 2.32 26.85
Azerbaijan RF 0.79 0.70 8.14
Azerbaijan GB 0.62 0.49 5.62
Azerbaijan Ensemble 0.67 0.56 6.44

Chile ARIMAX 1.99 1.23 30.63

Chile RF 2.42 1.88 100.08
Chile GB 1.84 1.47 80.15

Chile Ensemble 2.05 1.57 86.56
Colombia ARIMAX 3.11 2.59 42.59
Colombia RF 2.85 2.30 61.68
Colombia GB 2.39 1.95 38.13
Colombia Ensemble 2.36 1.98 48.13
Pooled ARIMAX 3.06 2.05 33.36
Pooled RF 2.21 1.63 56.63
Pooled GB 1.78 1.30 41.30
Pooled Ensemble 1.85 1.37 47.05

Source: Author's calculations based on World Bank World Development Indicators [16] and World
Bank Commaodity Markets Pink Sheet [17]
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By far the biggest gain is made in Azerbaijan, where Gradient Boosting brings down RMSE
from 3.79 to 0.62, a sixfold improvement. This spectacular performance difference seems directly
attributable to the rigidity of Azerbaijan’s exchange rate regime. Given a stable currency peg, the
deposit rate has remained very stable and been tightly pinned down by a small number of domestic
macro drivers [18]. Of particular interest is how the models behave during the period of extreme
external stress highlighted in Figure 2, a period when ARIMAX dramatically overshoots the actual
interest rate in 2015 and 2016. However, the models which used an ensemble approach and boos-
ting were more successful in their attempts to trace the actual interest series more faithfully.
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Fig. 2. Walk-forward one-step-ahead deposit-rate forecasts versus actuals, 2015-2024. Oil-shock
years shaded.
Source: Author's calculations based on World Bank World Development Indicators [16] and World
Bank Commodity Markets Pink Sheet [17]

Although these efficiency improvements are significant from an economic perspective, the
Diebold-Mariano tests (Table 2) show they are not statistically significant at the customary levels.
We have the DM statistic of 1.535 for the entire sample, which gives a p-value of 0.136, while the
country-level p-values vary between 0.209 (Azerbaijan) and 0.945 (Chile). We present this eviden-
ce openly because the ability of annual macroeconomic time series to offer out-of-sample accuracy
tests is weak: each country only offers ten test observations. The conventional inference procedures,

under conditions of short sample, normally lack the power to reject the null of equal accuracy bet-
ween models [9, 12].

Diebold-Mariano tests, ARIMAX versus RF-GB ensemble, deposit rate Teble
Comparison DM statistic p-value Lower loss
Azerbaijan 1.353 0.209 Ensemble
Chile —0.071 0.945 ARIMAX
Colombia 1.064 0.315 Ensemble
Pooled 1.535 0.136 Ensemble

Source: Author's calculations based on World Bank World Development Indicators [16] and World
Bank Commaodity Markets Pink Sheet [17]
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Our main finding becomes clear when we split performance by state: In Table 3, our ML mo-
del advantage turns out not to be constant at all, and to be highly concentrated in oil-shock years.
The ARIMAX RMSE is moderate in calm years (2.48) but rises to 4.69 under oil shocks, an in-
crease of 89%. Gradient Boosting, by contrast, remains stable across states, its RMSE rising only
from 1.73 in calm years to 1.97 under shocks, an increase of 14%. This means that, whereas the lin-
ear models would assume a constant pass-through from the regressor variables to interest rates, the
tree-based learners actually identify the endogenous state-dependent transmission from simultaneo-
us commaodity shocks affecting the exchange rate, inflation and the policy stance [1, 6].

Table 3.
Regime-conditional RMSE for the deposit rate
Model Calm RMSE (N=24) Oil-shock RMSE (N=6) Deterioration
ARIMAX 2.48 4.69 +89%
RF 1.86 3.23 +73%
GB 1.73 1.97 +14%
Ensemble 1.61 2.59 +61%

Source: Author's calculations based on World Bank World Development Indicators [16] and World
Bank Commodity Markets Pink Sheet [17]

Figures 3 and 4 present these findings graphically. Figure 3 confirms that Gradient Boosting
is the least error-prone model in the combined sample and improves most in Azerbaijan, while ARI-
MAX has the highest error in every country except Chile. Figure 4 decomposes the errors by regime
and shows our main result clearly: the models are all similar in calm years, but they drift apart un-
der oil shocks, when the ARIMAX error climbs above 4.5 percentage points while Gradient Boos-
ting barely moves from its calm-year level.
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Fig. 3. Out-of-sample RMSE by model and country for the deposit rate.
Source: Author's calculations based on World Bank World Development Indicators [16] and World
Bank Commaodity Markets Pink Sheet [17]
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Fig. 4. Regime-conditional forecast accuracy by model.
Source: Author's calculations based on World Bank World Development Indicators [16] and World
Bank Commodity Markets Pink Sheet [17]

The performance gap in this case might stem from the flexible approximation of business cy-
cle dynamics captured by the boosting algorithm. In linear specifications, the researcher imposes
their own subjective assumption on the form, which may lead to misleading approximations in peri-
ods of structural breaks and outliers [5, 10]. As can be seen from the evidence presented here, the
added value of machine learning lies exactly within the most crucial, high-stakes, crisis years where
decision-makers most need guidance. The inherent strength against external shocks echoes that fo-
und in Li et al. [11] in which gradient boosting shows stable behavior regardless of the presence of
unit roots often found in inflation and interest rate data series.

Figure 5 illustrates the feature importance for the pooled Gradient Boosting model, and the re-
sult supports the aforementioned finding as lagged deposit rate receives the highest score, reflecting
the very pronounced interest rate smoothing employed by central bankers. CPI inflation and its lag
rank next, while output growth, exchange rate changes, Brent price changes and broad money
growth come in as lesser, though still noticeable, factors. Such an ordering of variables tends to per-
sist when the model is re-estimated on each of the countries separately, suggesting the consistent
identification of the underlying monetary policy function across the three economically distinct
countries [3].

Deposit rate (t-1)
CPI inflation

cpi (t-1)

gdp (t-1)
Exchange-rate A%
Brent YoY%

Broad money growth
m2 (t-1)

GDP growth
dlog_fx (t-1)
brent_yoy (t-1)

O.IO 0:1 0:2 0:3 0.I4 O.‘S 0:6 0.'7
Gradient Boosting feature importance
Fig. 5. Gradient Boosting feature importances for the pooled deposit-rate model.
Source: Author's calculations based on World Bank World Development Indicators [16] and World
Bank Commaodity Markets Pink Sheet [17]

171 YOUNG RESEARCHER, 2026, Ne3, ISSN 2409-4838



U.F.Mammadzada

G

We demonstrate the robustness of the results by checking the performance for the lending rate
(Table 4). The ordering of results is closely replicated: Gradient Boosting reduces the pooled RMSE
from 5.30 under ARIMAX to 2.06, a decline of 61%. That the results are identical across two seg-
ments of the credit market suggests that the strength of the ensemble methods reflects the reaction
of the economy to commaodity shocks rather than a feature of one particular series. Furthermore, the
sixfold advantage of Gradient Boosting over ARIMAX in Azerbaijan is also reproduced for the
lending rate.

Robustness: out-of-sample RMSE (percentage points) for the lending rate Tepled
Country ARIMAX RF GB Ensemble
Azerbaijan 5.06 1.46 1.29 1.33
Chile (<2018) 5.80 2.97 1.81 2.35
Colombia 5.33 2.85 2.68 2.56
Pooled 5.30 2.40 2.06 2.09

Source: Author's calculations based on World Bank World Development Indicators [16] and World
Bank Commaodity Markets Pink Sheet [17]

The second finding in our analysis is the relative competitiveness of the linear benchmark. We
observe the greatest relative performance for ARIMAX (only comparable to ensembles) only for
Chile, which in part is likely driven by Chile having the most policy-anchored and smoothed
deposit rate of the three series. Furthermore, the particularly large MAPE exhibited by the machine
learning approaches in Chile (over 80%) is, we conclude, simply an artifact of the measure for the
extremely low interest rates during 2020-2021 and not evidence of predictive failure. As MAPE
will disproportionately punish errors when the denominator is close to zero, we rely on RMSE and
MAE for our benchmark comparisons to remove this issue [12]. To summarize, our argument points
towards a more sophisticated use of model selection in forecasting monetary policy; ARIMAX is
perhaps suited to periods of calm, however its rigid assumptions about the pass-through mechanism
make it unreliable during periods of commodity shocks that characterize the experience of many
emerging market economies, when ensembles of tree-based learners present a more adaptable alter-
native. Tree-based ensemble approaches work by effectively trading off bias and variance through
simple local descriptions of complex systems using hierarchies of local, low-dimensional relations-
hips [5, 8], hence the adoption of ensembles as part of central bank prediction tools seems well jus-
tified, in economies whose main source of macro-financial distress comes from external factors.

CONCLUSION

This paper analyses the out-of-sample predictive power of econometric and ensemble ma-
chine learning specifications for the deposit rates of three oil-dependent emerging markets. Our re-
sults demonstrate that Gradient Boosting and the RF-GB ensemble consistently outperform the AR-
IMAX benchmark by a substantial amount — nearly 42% on the pooled RMSE. The improvement
seems to be especially pronounced in Azerbaijan, where the manat peg results in very persistent in-
terest rates that Gradient Boosting can follow with a sixfold accuracy gain over the linear bench-
marks. The ability of ML algorithms to capture both the persistence and the non-linearities preva-
lent in financial series of emerging markets appears to be of key importance [2, 14].

The article's key message is that machine learning offers a relative performance advantage
that depends on the regime. The evidence we present shows that in normal years, the ARIMAX
benchmark is competitive. The onset of oil shocks raises the RMSE by 89%, a drastic fall in fore-
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casting accuracy. Yet, the RMSE of Gradient Boosting only rises by 14%. Hence, the tree-based le-
arning algorithms seem to capture the regime-dependent reaction of monetary policy better than the
linear frameworks with a rigid pass-through, which break down precisely at the times macro relati-
onships are under the most stress [1, 6]. Since the value of machine learning seems concentrated in
high-stakes crisis years, it may prove useful for monetary policy in a volatile commodity environ-
ment [3, 10].

We are fully transparent about the limitations inherent in testing with small sample sizes for
macroeconomic data. However, while the improvement in forecasting accuracy is economically lar-
ge, the pooled Diebold-Mariano statistic still does not attain the 10% level of statistical significance,
due most likely to the power limitations inherent in annual data and to having only 10 out-of-sample
forecast observations per country [9, 13]. Nonetheless, that the entire pattern of results is replicated
for the lending rate, where Gradient Boosting is shown to decrease the pooled RMSE by 61%, de-
monstrates that this finding is not due to a peculiar feature of a single series but is instead driven by
economic fundamentals, further validating the contribution of ensembles to a forecasting toolkit
[11, 12]. Furthermore, we are able to identify certain nationally specific dynamics, such as the supe-
rior competitiveness of the benchmark ARIMAX in Chile's relatively well-anchored policy environ-
ment. We observe that the extremely high MAPE figure for the machine learning-based methods for
Chilean forecasts stems not from a failure of these algorithms to capture dynamics but from a mea-
surement artifact arising from the rate values being close to zero, underscoring that researchers
should rely on RMSE and MAE for interest rate forecasting in low-rate environments [12].

Finally, for countries subject to commodity shocks, the inclusion of machine learning pro-
vides a strong defense against those kinds of structural breaks which cause conventional models to
break down [5, 8]. Future work might seek to exploit more granular, high-frequency data, or delve
into neural network architectures to more fully model long-term patterns in financial and macro data
[15]. The results reported here indicate that for monetary policy committees in countries that are
highly sensitive to global price changes due to commodity reliance, ensemble methods offer a signi-
ficant boost to predictive reliability during times of global turbulence.
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MONETAR SiYASOT DOYISIKLIKLORI SORAITINDO FAIZ DOROCOLORININ
PROQNOZLASDIRILMASI

U.F. Mommodzads

Bu isdo forgli monetar rejimlor gargivasinds foaliyyat gostoran ii¢ nefto hassas inkisaf etmok-
do olan 6lkados, yoni Azarbaycan, Cili vo Kolumbiyada omanat faiz doaracalarinin prognozlasdiril-
masmda ekonometrik vo ansambl masin dyronmosi modellarinin nisbi dstiinliiklorini arasdiririq.
1995-2024-cii illari ohato edoan illik molumatlardan va genislonan pancarali walk-forward (irsliys
dogru addimlama) yanasmasi ¢argivasinds 2015-2024-cii illor iizro niimunodankonar performans
giymatlondirmasindan istifads edarak, etalon ARIMAX modelini {i¢ ansambl metodu, yani Toasadiifi
Mesa (RF), Qradiyent Busting (GB) vo RF-GB kombinasiyasi ilo miigayiss edirik. Xarici soklarla
tizlogon xammal-yoniimli 6lkalarin markazi banklar: tigiin faiz darocalarinin prognozlasdiriimasi
xtisusilo ¢atindir [6, 18]. Hesablamalarimiz gostorir ki, agac asasli masin 6yranmasi yanagmalari fa-
iz daracalarinin prognozlasdiriimasinda Xatti etalondan istiindiir vo Qradiyent Busting ti¢iin birlos-
dirilmis RMSE gostaricisini 42% azaldir. On boyiik gazanc Azarbaycanda miisahids olunur; burada
valyuta bagliliginin (mazonnonin fiksasiyasinin) naticasi olaraq faiz daracalori nisboton davamii
(persistent) xarakter almis vo nisbaton az sayda daxili doyisondon asili hala golmisdir. Daha miihii-
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mii, bu magalo masm 6yranmasinin istiinliyliniin rejimdon asili oldugunu vurgulayir: neft soklar:
soraitindo etalon ARIMAX yanagmasi ilo faiz daracalorinin prognozlasdiriimasi g¢atinlosir, lakin
Qradiyent Busting modellari xeyli yaxs1 natica gostorir. Masin 6yranmasindan slds olunan gazancin
igtisadi miqyasi kifayst godor bdyiik ola bilor; bununla bels, hesablamalarimiz mahdud niimuno
hocmloari sababindan bunun Diebold-Mariano statistik shamiyyatine tam ¢atmadigimi gostorir. Bu
naticalor kredit faiz doracasi tigiin do qlivvados galir.

Agar sozlar: faiz daracalorinin prognoziasdirilmasi:, masin Gyranmasi, ansambl metodlar:,
monetar siyasat rejimlori, neft qiymati soklar:, inkisaf etmokda olan igtisadiyyatlar, ARIMAX.

INPOI'HO3UMPOBAHUE NPOUHEHTHBIX CTABOK B YCJIIOBUAX W3MEHEHUI
JAEHEKHO-KPEJIUTHOMU ITOJIMTUKH

Y.®. Mamen3aae

B paGote uccrnenyroTcs CpaBHUTEIbHBIE TPEUMYIIECTBA SIKOHOMETPUUYECKUX U aHCAMOJIEBBIX
MoJieJe MalllMHHOrO OOy4YeHUs MPHU MPOTHO3UPOBAHUU JIETIO3UTHBIX IPOLEHTHBIX CTaBOK B TPEX
He(TECUYBCTBUTEIBHBIX PA3BUBAIOIIUXCS CTpaHaX, (PYHKIMOHUPYIOIIMX B YCIOBHSIX Pa3IHYHBIX
JIEHEKHO-KPEIUTHBIX pexkuMoB: AzepoOaiimkane, Ynnu u Komym6un. Mcnons3ys rooBbie JaHHBIC
3a nepuoj 1995-2024 rr. u oneHKy MPOrHO3HOW CIIOCOOHOCTH BHE BHIOOpKHM Ha mHTepBaie 2015—
2024 rr. B paMKax MOAXO0Ja CKOJB3AMIETO MPOTHO3UPOBAHMS C PACHIMPSIOMMMCS OKHOM (walk-
forward), mbl cpaBHMBaeMm 3TajoHHy0 Monenb ARIMAX c Tpems aHcamOneBBIMH METOAAaMH, a
uMeHHoO: ciydaiiHbM jJecoM (RF), rpaauentaeiM Oyctunrom (GB) u komOunanueit RF-GB. s
[EHTPaJIbHBIX OAHKOB CBHIPHEBBIX CTPaH, CTAIKHUBAIOIINXCSA C BHEIIHUMHU LIOKaMH, TPOTHO3UPOBa-
HUE TPOIEHTHBIX CTAaBOK MPEACTaBIISIET 0COOYI0 TpyAHOCTH [6, 18]. Hamm oleHKH moka3bIBaioT,
YTO METO/Ibl MAIIMHHOTO 00YyUYEHHsI Ha OCHOBE JIEPEBbEB MPEBOCXOIAT IMHEWHBIN STaIOH B IPOTHO-
3UpOBAaHUM MPOIEHTHBIX CTABOK, CHIDKAs 00bequHEHHBIN noka3zaTenb RMSE na 42% B cinyuae rpa-
nueHTHoro OyctuHra. Hambomnbimmii BeIMTpHIIT HaOmogaeTcs B AzepOaiipkaHe, TIie BCIIEICTBHE
IPUBS3KM BAJIIOTHOIO Kypca IIPOLIEHTHBIE CTAaBKM CTajld OTHOCHUTEIBHO YCTOMYMBBIMU (IIEpCH-
CTEHTHBIMH) U 3aBUCAT OT OTHOCUTEIHHO HEOOJBIIOTO HAOOpa BHYTPEHHUX MepeMeHHbIX. YTo 00-
jJiee Ba)KHO, CTaThs MOAYEPKUBAECT, YTO MPEBOCXOACTBO MAIIMHHOIO OOYyYEHHsI 3aBUCHUT OT peXKHUMa!
B YCIIOBUSIX HE(QTSHBIX IIOKOB MPOTHO3UPOBAHUE MPOLEHTHBIX CTABOK C IMOMOIIBIO ITAJIOHHOTO
noaxona ARIMAX 3arpyaHsercsi, Torja Kak MOJIENU I'PaJAMEHTHOrO OYCTHHIA JIEMOHCTPHUPYIOT
3HAUUTENBHO Jy4IllIhe pe3ysbTaThl. DKOHOMUYECKUN MacITad BBIMIPHINIA OT MAIIMHHOIO 00yue-
HUSI MOXET OBITh BEChbMa CYIIECTBEHHBIM, XOTS HAIlIM OLIEHKU YKa3bIBAIOT Ha TO, YTO MU3-3a OIPaHU-
YEHHOI'0 pa3Mepa BbIOOPKM OH HE BIOJHE JOCTUIaeT CTAaTUCTUYECKOM 3Ha4MMocTu mo tecty [lu-
6ona-Mapuano. ITH pe3yabTaThl COXPAHAIOTCS U I KPEAUTHON CTaBKH.

KutoueBble cji0Ba: npozHo3uposanue npoyeHmHvlx Cmagok, MAawuHHoe oOyYeHue, aHCaM-
O1e6ble MemoObl, PedHCUMbL OEHEHCHO-KPEOUMHOU NOIUMUKU, WOKU YeH HA He(hmb, pa3eusarouuecs
axkonomurku, ARIMAX.
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