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We offer new insights into the volatility dynamics of food prices based on the increasing 
vulnerability of farming activity to climate change and terrorism in Nigeria. We employ a 
Generalized Autoregressive Conditional Heteroscedasticity framework with Mixed Data 
Sampling (GARCH-MIDAS) to distinguish between realized and exogenously induced food 
price volatility. We hypothesize and confirm the relative significance of terrorism’s 
impact on food price volatility in Nigeria. Our results show that terrorism, and not 
climate change, predominantly induces volatility in Nigeria’s food prices. 

1. Introduction   

Food price volatility endangers farmers and consumers 
globally. Rapid food price changes impede traders’ ability 
to determine appropriate stock levels and set appropriate 
prices. Among other things, food price volatility is equiva
lent to a nonfunctioning food system. Therefore, excessive 
price volatility is undesirable, given that food price vari
ability is a feature of most food systems; such variability 
reflects producer and market responsiveness to consumer 
demand and underlying supply conditions. However, some 
exogenous factors have been identified as potential sources 
of food price variability, namely the presence of weak in
stitutions (Bora et al., 2011), political instability (Minot, 
2014), climate change (Kalkuhl et al., 2016), market failures 
(Timmer, 2017), and some emerging diseases such as 
COVID-19 (Devereux et al., 2020). It is worth noting that 
the extent to which these factors impact food price volatil
ity cannot be generalized. For instance, although Africa 
contributes the least to global emissions of greenhouse 
gases (GHGs), the food price effects of climate change are 
expected to be relatively more challenging in Africa, whose 
rain-fed agriculture is susceptible to climate variability (see 
Woetzel et al., 2020). Since the interaction of temperature 
and precipitation is a crucial factor of grain crops’ pro
ductivity, the relatively more frequent extreme rainfall in 
Africa, coupled with other features of climate change, could 
increase the variability of grain production and the volatil
ity of food prices in Africa. However, it is unclear whether 
to limit the exogenously induced food price volatility to cli
mate change in an economy whose agriculture is vulnerable 

to both climate change and domestic unrest (terrorism and 
banditry). 

Nigeria is ranked among the top ten African economies 
with the highest incidence of climate change and is globally 
ranked by the Global Terrorism Index (GTI, 2022) as the 8th 
economy with the highest impact and incidence of terror
ism. A growing assertion has linked Nigeria’s recent food 
price fluctuations to the insurgence of armed banditry, ter
rorism, militancy, and kidnapping. The underlying intu
ition is that the unprecedented rise in insecurity associated 
with these social vices has displaced farming communities 
and hindered cultivation, leading to higher food prices and 
increased reliance on imports. Concerned by this undesir
able vulnerability of Nigerian agriculture to domestic un
rest, we hypothesized that terrorism—and not climate 
change—is the exogenous underlying source of excessive 
food price volatility in Nigeria. Fasanya & Odudu (2020) 
model volatility spillover among different food prices, and 
Gardebroek & Hernandez (2013) model volatility spillover 
between food prices and other commodity prices. Under
standing the extent of Nigeria’s food price volatility, which 
is exogenously induced by climate change and terrorism 
will provide policymakers with evidence-based insight to 
promote designing and implementing measures to mitigate 
the vulnerability of agricultural activity to these exogenous 
factors. This is the contribution of this study and we aim to 
distinguish between realized and exogenously induced food 
price volatility. We employ a Generalized Autoregressive 
Conditional Heteroscedasticity framework with Mixed Data 
Sampling (GARCH-MIDAS) to distinguish between realized 
and exogenously induced food price volatility. More impor
tantly, the GARCH-MIDAS model enables data accommo
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dation in their natural frequency and overcomes the likeli
hood of information loss associated with data aggregation 
into a uniform frequency (i.e., data splicing). 

The rest of the paper is structured as follows: Section 
II discusses the data and offers some preliminary analyses; 
Section III presents the methodology; Section IV presents 
the results and discusses the findings. Finally, Section V 
contains the conclusions. 

II. Data and Preliminary Results      

Monthly food prices, our high-frequency variable, range 
from January 1995 to December 2022, while annual climate 
change is measured in terms of temperature anomalies, and 
the annual Terrorism Index defines our low-frequency vari
able. To capture the probable volatility dynamics of food 
prices, we follow the standard practice in the literature; the 
natural logarithm of the first difference of food consumer 
price index (FCPI) is obtained from the online database of 
the Nigerian National Bureau of Statistics (NBS). The cli
mate change data is obtained from the Food and Agricul
ture Organization’s (FAO) online database. The terrorism 
data based on the GTI database is obtained from the In
stitute for Economics and Peace. We evaluate the statisti
cal features of these variables of interest to validate the ap
propriateness of our chosen estimation technique to model 
food price volatility. Starting with the summary statistics, 
a cursory look at Table 1 shows that the average monthly 
food price index is 147.7 for the period under consideration. 
However, the fact that the mean value is positive for the 
FCPI also holds for the climate change and terrorism vari
ables, respectively. 

The standard deviation statistic value Is relatively higher 
for food prices and terrorism activity, suggesting that both 
are more volatile than the climate change variable. How
ever, while the skewness statistic is positive for food prices, 
it is negatively skewed regarding climate change and terror
ism variables. Similarly, the kurtosis statistic is leptokur
tic for food prices but platykurtic for climate change and 
terrorism variables. Testing for conditional heteroscedas
ticity and autocorrelation, we find a null hypothesis of ho
moscedasticity and no autocorrelation rejected for food 
prices at different lag lengths. However, the fact that these 
results do not hold for climate change and terrorism may be 
connected to the mixed-frequency nature of our variables 
given that statistical features such as heteroscedasticity 
and autocorrelation are standard with high-frequency se
ries—in this case, food prices. Despite the mixed findings in 
the preliminary result, our dependent and high-frequency 
variable, food prices, is characterized by volatility. Thus, 
the choice of our estimation technique is appropriate as 
demonstrated below. We complement our preliminary 
analysis with a visual illustration of probable co-movement 
between food prices, climate change, and terrorism (see 
Figure 1). 

III. Methodology   

Given the monthly and annual mixed frequencies of our 
variables of interest, we prefer the MIDAS variant of the 

GARCH models (i.e., GARCH-MIDAS). While the GARCH 
component of the GARCH-MIDAS accommodates the 
volatility dynamic of the data, the MIDAS component al
lows us to retain the natural frequency features of our vari
ables of interest. The following is our GARCH-MIDAS 
econometric framework. 

Equation (1) is our mean equation, and Equations (2) and 
(3) capture the conditional variance of our GARCH-MIDAS 
model for short- and long-run components, respectively. 
Note that the term  in Equation (1) denotes the uncon
ditional mean of food prices. Equation (2) is the short-
run component of the conditional variance of our high-fre
quency variable (i.e., monthly food prices), , which aligns 
with a GARCH  process. The terms  and  denot
ing ARCH and GARCH effects are conditioned to be posi
tive or at least zero  and  and sum up to less 
than a unit . The term  is the long-run com
ponent of the conditional variance that incorporates the 
exogenous series (or realized volatility, where there is no 
exogenous series); it involves repeating the annual value 
through the months in that year. The implementation of a 
rolling-window framework, which enables the secular long-
run component to vary monthly, is denoted by the sub
script  in Equation (3). Simultaneously,  represents 
the long-run component intercept. Of particular interest 
in Equation (3) is the slope coefficient , which incorpo
rates the predicting power of climate change and terror
ism and captures a single exogenous predictor , food 
prices, while , is the weighting 
scheme that must sum up to one for the parameters of the 
model to be identified. 

IV. Empirical Results    

The main goal of this study is to distinguish between 
food price volatility caused by the food system and exoge
nously induced food price volatility. The GARCH-MIDAS-
based empirical estimates presented in Table 2 show that 
the coefficient on the parameter , which captures the 
unconditional mean of food price, is positive irrespective 
of the variant of the GARCH-MIDAS models. We also found 
the volatility persistence coefficient measure – the sum of 
the ARCH and GARCH terms, for instance  – to be as 
high as 0.90 in each variant of the GARCH-MIDAS models. 
This indicates that short-term food prices exhibit the high
est level of persistent volatility, confirming our preliminary 
finding regarding the inherent fluctuations in food prices. 
Concerning the focal point of this study, the slope coeffi
cient -  is statistically significant for the realized volatility 
(RV) in the GARCH-MIDAS-RV model. The RV has a posi
tive effect on long-term food price volatility, which sug
gests that the bigger the fluctuation in the RV, the big
ger the long-term volatility in food prices. However, the 
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Table 1. Summary Statistics/Preliminary Results    

Food Price Index Climate Change & Terrorism 

FPI TEMP GTI 

Summary statistics 

Mean 142.70 0.92 5.82 

Standard deviation 134.89 0.32 2.57 

Skewness 1.44 -0.12 -0.17 

Kurtosis 4.33 2.44 1.53 

No. Observation 336 28 

Frequency Monthly Annually 

Start January 1995 1995 

End December 2022 2022 

Conditional Heteroscedasticity 

ARCH(2) 624.95*** 0.48 0.30 

ARCH(4) 316.49*** 0.22 0.39 

ARCH(6) 209.02*** 0.53 0.40 

Q-stat.(2) 409.51*** 0.68 0.07 

Q-stat.(4) 724.57*** 4.58 1.70 

Q-stat.(6) 989.24*** 4.65 5.23 

Q2-stat.(2) 451.16*** 0.61 0.69 

Q2-stat.(4) 818.20*** 1.08 2.42 

Q2-stat.(6) 1063.00*** 2.75 5.48 

The reported Q-stat. and Q2-stat. are based on the Ljung-Box serial correlation test employed to test the null hypothesis of no autocorrelation. At the same time, the F-stat reported 
in the case of the ARCH-LM test is employed to test the null hypothesis of homoscedasticity. The syntax ***, ** & * implies a rejection of the null hypothesis at 1%, 5% and 10%, re
spectively. 

Figure 1. Trends in Food Prices, Climate Change and Terrorism         

slope coefficient on the exogenous factor  is only statis
tically significant when the  in the GARCH-MIDAS-X rep
resents terrorism. These validate our hypothesis that ter

rorism, and not climate change, exogenously induces food 
price volatility in Nigeria. More importantly, our findings 
support Fasanya and Odudu’s (2020) study, which recog
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Table 2. GARCH-MIDAS –based Regression Results     

Parameter GARCH-MIDAS-RV 

GARCH-MIDAS-X 

Climate change Terrorism 

0.0116*** 
[0.0005] 

0.0430*** 
[0.0002] 

0.0516*** 
[0.0002] 

0.0559*** 
[0.0101] 

0.0818*** 
[0.0200] 

0.0504*** 
[0.0054] 

0.9439*** 
[0.0102] 

0.9180*** 
[0.0204] 

0.9007*** 
[0.0224] 

0.1316** 
[0.0548] 

-8.65E-05 
[0.0027] 

1.32E-06** 
[6.71E-07] 

44.533 
[19499] 

5.0025 
[673.71] 

5.0000 
[14.179] 

0.0003** 
[0.0001] 

0.0001 
[0.0002] 

-3.04E-06** 
[1.54E-06] 

The term  denotes the unconditional mean of the food price returns  and  are the ARCH and GARCH terms, respectively, while  it is the slope coefficient. Denoting the adjusted 
beta polynomial weight is the term  while  is the long-run constant term. The values in the square brackets are the standard errors of the parameter estimates, while ***, *** and * 
imply statistical significance at 1%, 5%, and 10%, respectively. 

nizes the crisis period as the underlying source of volatil
ity in agricultural commodity prices in Nigeria. We showed 
that the exogenous factors, particularly the terrorism in
dex, offers insights beyond the realized volatility of food 
prices. 

V. Conclusions   

We employed a GARCH-MIDAS framework to distinguish 
between realized and exogenously induced food price 
volatility. Compared to climate change, we confirm that 
terrorism is the fundamental factor that exogenously in
duces food price volatility in Nigeria. Although policymak
ers should not restrict their initiative to curb excessive food 

price volatility to modify food demand and supply, they 
should also consider some exogenous factors capable of in
ducing food price volatility. It is important to note that the 
impact of climate change and terrorism on various compo
nents of the food basket may not be uniform. Therefore, fu
ture studies should consider conducting separate analyses 
for major food items that significantly impact overall food 
price volatility. 
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