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Abstract

 

on example of wheat market. Analyzing data on Russian wheat market for period from 1990 to 2015 we test  

a hypothesis of solar activity’s impact on cycles in agricultural lending in the short and long run. Using  

a vector error correction approach to the sample, we obtain the following results: in the long run, sunspots, 

wheat yield, world wheat prices, and non-performing loans (NPL) for wheat market are related. In the short 

run, level of non-performing wheat loans depends only on wheat yields. However, results of Granger causality 
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Introduction 

World agricultural market: current challenges 

Contemporary global economic system is 

characterized by high turbulence and increased 

 

for goods and services. The formation of a new 

era of economic instability has led to necessity 

of revision of many, seemingly immutable, 

pillars of economic science. Empirical deviations  

from classical elegant models has brought  

the business community and public authorities  

in different countries to increase their emphasis 

in ensuring stability of economic development. 

No exception present market theories for goods 

and services and, in particular, agro-industrial 

sector. In the context of acute problem of food  

security in many countries of the world,  

in the context of declining budget surplus  

and the need for rationing funds to support a variety 

of industries due to increasing tensions in global 

economic infrastructure, in context of increased 

probability of tail risks (black swans) occurrence 

increasing, there is a strong need to modify risk 

management and methods of their estimation, not 

to mention forecasting tools. 

In case of the agricultural sector, one of the main 

 

as a reaction to increased uncertainty, is a rising  

interest in strengthening the predictive  

and forecasting power of models that evaluate 

in cosmic and terrestrial climate patterns in order  

to determine the impact on the agricultural sector, 

particularly on crops yield, exploring areas  

 

deviations of climatic and physical sense  

of yield of different crops. A thorough theoretical 

review of methods and models of crop yield 

forecasting is presented in paper by Basso et al. 

(2013)

Thus, it can be assumed that forecasting and risk 

assessment in the agricultural sector becomes 

one of main directions in conventional economic 

science.

It seems logical to assume that assessment  

of potential risks and forecasting deviations 

of agricultural sector has an applied character. 

Firstly, an ability to predict changes in exposure 

to physical and climatic factors of crop yields 

support to agricultural sectors on the one hand.  

In case of expected high crop – additional support. 
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In case of expected low yield – redistribution 

supporting for providing food security. In case 

agricultural sector and its lending is seen by many 

 

2007; Sadanandan, 2014) However, importance  

of agriculture leads to implementing tools in form 

of interest rate subsidies as well as restructuring 

of current debt burden. For example, in case  

of Russia, the share of non-performing bank loans 

(NPL) to agricultural sector accounts for over 20% 

of the total outstanding debt. For wheat market,  

to 39.4%. Such deviations in dynamics of bad debts 

are a consequence of the credit risk realization, 

even given standard support of agricultural sector. 

(Bank of Russia Statistical Bulletin, 1990-2015).

refers to exogenous factors (temperature, deviation 

from average values of rainfall, climatic shocks, 

etc.), so in most cases, the process of assessing  

credit risk when issuing loans is conditional  

and heavily sponsored by government or lending 

to agricultural sector being concentrated in state 

losses and a rising need for continued support.

However, strengthening of risk management process 

support should be based on a solid evidence base. 

and techniques to assess risks on the one hand, 

 

of factors included in models. Otherwise, borrowers 

may face credit rationing in form of underlending 

of agricultural sector. 

 

a few studies (discussed below) on the impact  

of climate change on individual agricultural 

zones and regions. Moreover, no studies, arguing  

for inclusion of climatic and physical factors  

in bank models for assessing risks of agricultural 

cycles of agricultural lending is present.

In other words, the main objective of this paper is 

to empirically test a hypothesis, stating that there 

exists a causal relationship between solar cycles 

and cycles in agricultural lending on example  

of Russian wheat market, thereby stressing 

importance of accounting climatic factors when 

forecasting yield and evaluating associated credit 

risk.

In this regard, we refer to an overview of main 

studies on the issue of relationship between 

natural factors, dynamics of economic variables,  

and in particular, crop yields.

Literature review

The question of relationship between solar activity, 

climate change and dynamics of economic variables 

has attracted attention of researchers many centuries 

ago, yet still being actual.

with exogenous events or exogenous shocks.  

For example, one of the now-canonized works  

revealed the presence of a correlation between 

sunspots, as a manifestation of solar activity  

and wheat prices for the period from 1779 to 1818. 

The next step in developing Herschel’s hypothesis 

was sunspot cycles hypothesis of W. S. Jevons 

and based on Herschel’s hypothesis allocated  

a transmission mechanism of solar activity.  

The omission by Herschel of 11-year cycles is 

because the observations came during the Dalton  

Minimum – a period of low solar activity.  

In case of Jevons’ observations, the essence  

of the hypothesis was reduced to transmission  

of sunspots effect: the initial shock in low (high) 

solar activity leads to a decrease (growth) of crop 

yields and a decline (increase) of yield (secondary 

shock) leads to reduction (expansion) of business 

activity in the economy. Around the same time, 

a colleague of Jevons – John Mills (1875) puts 

stemming from Jevons hypothesis. Unlike Jevons, 

placed not so much a change in the rate of return  

on the markets, but rather expectations of its 

of business cycles.

Before continuing to review the evolution of this 

approach up to the present day (conventionally it can 

be called Herschel-Jevons approach), it is necessary 

to note one important fact. We in any case, like all 

researchers studying the impact of natural processes 

on economic activity, do not claim that dynamics  

and enough to explain changes in economic 

processes. At the same time, denying presence  

and importance of certain natural processes  
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in economic dynamics seems to us inappropriate 

argumentation base.

The development of Herschel-Jevons approach 

in the twentieth century was varying. In other 

words, stemming from simple relationship between 

solar activity and economic process, several main 

directions of development exist to this day.

narrow nature of the hypotheses of Herschel 

 

the relationship (transmission) between solar 

activity, climate change and the functioning  

of agriculture, environment across countries  

and regions. In this area there are two blocks.

 

transmission of solar activity in the form  

of sunspots, solar radiation on crop yields. Most 

of research in this area is based on the study  

activity on vegetation processes of plants and crops. 

One of the brilliant research conducted by Harrison 

correlation between solar activity and the yield 

of different crops in the United States. To similar 

conclusions come researchers who conducted 

similar studies in Canada, UK, India, Europe 

and Africa for various time periods, sometimes 

exceeding hundreds of years (a short description 

of the results is presented in Table 1). One  

of the important research studies that adds  

 

of Pustil'nik and Yom Din (2004, 2013), which 

is based on the analysis of agricultural markets  

in countries of Europe and their relationship  

with cycles of solar activity, between which there 

The second line of studies is devoted to the question 

 

of agricultural crops. The basis of the transmission 

includes effects of solar activity on the Earth's 

 

of cloudiness, deviations in rainfall, which also has 

 

by Marsh and Svensmark (2000), which, being 

based on the analysis of worldwide data, presents  

a map of dependence of level of cloud cover the earth 

and temperature from solar radiation (cosmic rays). 

The detection of the correlation was an important 

 

and climate. For example, Hiremath (2006) proved 

the existence of a connection between solar cycles 

and deviations in rainfall. To similar conclusions 

about dependence of the global temperature changes 

from solar radiation comes and Gupta (2015).

It is important to note that at the global level 

in some cases and countries, the dependence is 

between solar radiation and crop yields, so in 

case of dependence of cloud cover from cosmic 

papers (e.g. Dewey (1968), Marsh and Svensmark 

(2000), Lockwood (2012), Love (2013), Pustil'nik  

and Yom Din (2013), Savin and Leo (2016)).  

The explanation for this peculiarity is due to physical 

processes. So, for example, Pustil'nik and Yom Din 

(2013) studying dependence of agricultural crops’ 

yield from changes in solar activity, recommend  

to take into account sensitivity of local 

weather (cloud cover, atmospheric circulation)  

and atmospheric and climate anomalies in the areas 

 

the presence of indirect impact of solar activity  

on crop yields.

The second direction (mainly in behavioral  

and experimental economics) in contrast  

linkages between solar cycles and their 

derivatives (climate change, weather conditions, 

 

and macroeconomic variables. Because for us this 

ourselves to a brief review of main papers in this 

As can be seen from a summary presented in Table 1,  

many authors come to conclusion that there is  

between solar activity and dynamics of social 

and macroeconomic variables – employment, 

mortality rates, output rates, trading, etc. However, 

factors should be regarded as the accelerator  

than the source.

Concluding, it can be noted that provided review 

of research on relationship between solar activity 

(sunspot cycles) and economic processes, allows 

to assume that between them there is a certain 

relationship on the one hand. On the other hand, we 

assume that sunspots have the potential to impact 

(both direct and indirect) the yield of agricultural 

of agricultural lending (in our sample - the wheat 

market).

Unfortunately, in contemporary literature a question 
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Author Sample Method
Sunspots-Socio-Economic 

Fluctuations

Walsh (1993) 
business cycles (1870-1960)/USA

Time series, correlation analysis
correlation

Saunders (1993)
Stock Prices Fluctuations-Local 

Weather (New York)
Correlation, regression analysis

Hirshleifer and Shumway 

(2003)

Sunshine index – Stock returns/

USA
Correlation, regression analysis  

for solar activity hypothesis

Kamstra et al. (2003)
Stock returns-Amount  

of daylight/Worldwide
Regression analysis (VAR model)

Seasonal affective disorder 

(winter depression) effect 

effect on sentiment

Otsu et al. (2006)
Sunspots-Unemployment/

Mortality (1971-2001)/Japan
Correlation, regression analysis

negative for females

Gorbanev (2012)
Sunspot Cycles-Recessions/

Unemployment (Worldwide)
Time series, correlation analysis

Novvy-Marx (2014)
Solar, Climate Fluctuations  

– Market Anomalies/USA

Regression analysis (Panel VAR 

model)

Author Sample Method
Solar Activity/Climate  

Change-Crop Yield

Herschel (1801) Sunspot-Wheat Price/England Time series analysis Positive

Jevons (1879)
Sunspots-Crop Prices (Corn)/

England
Time series analysis Positive

Dewey (1968)

Double sunspot cycle 

manufacturing, agricultural 

sectors/USA

Time series, correlation analysis
Ambiguous, partial correlation 

revealed

Monteith (1972)
Solar radiation -crop vegetation/ 

Kenya, Congo, Nigeria
Predictive regression model

Harrison (1976)
Sunspot Cycles/Crop Yields/USA 

(1866-1873)
Regression analysis

numbers lead to high crop yield

Marsh and Svensmark 

(2000)

Solar activity (cosmic rays)  

– Global cloud cover/Worldwide
Correlation analysis

activity leading to low cloud 

cover and high top temperature  

in low clouds, vice versa

Pustil’nik and Yom Din 

(2004)

Wheat Prices-Solar Cycles/

Medieval England (1249-1703)
Correlation, regression analysis

Hiremath and Mandi 

(2004)

Solar Activity-Indian Monsoon 

Rainfall Occurrence (1871-2000)
Correlation analysis

Garnett et al. (2006)
Sunspot Activity-Crop Yield/

Canada (1950-2004)
Correlation analysis sunspot numbers leading to low 

summerfall, fall in crops yield

Hiremath (2006)
Solar Activity-Rainfall 

Occurrence (1871-2000)/India
Correlation analysis sunspot numbers lead to low 

(high) rainfall occurrence

Lockwood (2012)
Solar activity-Climate change 

(temperature)/Eurasia
Regression analysis

 

of seasonal analysis

Pustil’nik and Yom Din 

(2013)

Solar Activity-Prices for 

agricultural commodities/

European agricultural markets 

(1650-1715)

Correlation, regression analysis

Depends on sensitivity of local 

weather; sensitivity of crops  

to weather anomalies; degree  

of market’s isolation

Love (2013)
Sunspots-Wheat Prices (1868-

2012)
Regression analysis numbers fail to predict future 

wheat prices in retrospective

Source: author’s compilation

Table 1: Summary of relevant literature.
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Author Sample Method
Solar Activity/Climate 

Change-Crop Yield

Huhtamaa et al. (2015) yield (rye, barley)/Finland 

(1861-1913)

Correlation, regression analysis

Gupta et al. (2015)
Sunspot Numbers-Global 

temperature (1880-2013)

Granger causality test, 

frequency domain test

Sunspots cause global 

(frequency domain test)

Savin and Leo (2016)

Wheat Yield-Solar caused 

Correlation analysis negative for sample, depends 

on meteorological conditions

Source: author’s compilation

Table 1: Summary of relevant literature (continuation).

of relation between solar activity and cycles  

of agricultural lending as a manifestation  

thoroughly. Thus, our study, devoted to search 

for causality between cycles in agricultural 

lending and solar cycles, is designed to provide 

 

and strengthening methods of credit risk assessment 

and allocation of public funding in an optimizing 

manner.

 

a relationship between dynamics of NPL for wheat 

production in Russia and sunspot cycles in the short 

and long run.

Materials and methods

Research methods

To test the hypothesis about relationship between 

sunspots, wheat yield, world wheat prices  

and cycles in agricultural lending, we use 

econometric techniques to analyze time series.  

The algorithm of the ongoing study is determined 

by several key stages. First and foremost, one 

should test sampled variables on stationarity  

or order of cointegration, since the time series must 

have the same order, as can be seen from equation (1).  

Secondly, it is necessary to determine presence/

absence of correlation in long term between  

the variables in the equation. To check this 

assumption we use a Johansen cointegration test. 

If condition of stationarity of sampled time series 

 

of cointegration between the variables  

of the sample, residuals of the equilibrium 

regression can be used to estimate error correction 

model. Also based on VEC model it is possible 

to identify short-term causality between sampled 

variables. For this purpose, we use the Wald test. 

To determine predictive power of variables we 

use Granger Causality Test – for testing predictive 

 

of constructing a model is to conduct diagnostic tests 

to determine validity of the model. These include 

testing for heteroscedasticity, serial correlation, 

normality and stability of the model. 

Unit Root Test

For the analysis of long-term relationships between 

the variables, Johansen and Juselieus (1990) 

admit that this form of testing is only possible  

 

of the time series. In other words, if two series are 

co-integrated in order d (i.e. I (d)) then each series 

has to be differenced d times to restore stationarity. 

For d=0, each series would be stationary  

needed to obtain stationarity. A stochastic process  

(a collection of random variables ordered in time) 

is said to be stationary if its mean and variance are 

constant over time, i.e. time invariant (along with its  

autocovariance). By contrast, a nonstationary 

time series have a time-varying mean or a time-

varying variance or both. It is important to cover 

non-stationary variables into stationary process. 

Otherwise, they do not drift toward a long-term 

equilibrium. There are two approaches to test  

the stationarity: Augmented Dickey and Fuller 

(ADF) test (1979) and the Phillips-Perron (P-P) test 

(1988). Here, test is referred to as unit-root tests  

as they test for the presence of unit roots  

in the series. The use of these tests allows  

to eliminate serial correlation between the variables 

by adding the lagged changes in the residuals  

of regression. The equation for ADF test is 

presented below:

t 1 2 t-1 3 t-1 t
     (1)

where 
t
 is an error term, 

1
  is a drift term and 

2
t 

 

In ADF test, it tests whether a = 0, therefore the null 
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and alternative hypothesis of unit root tests can be 

written as follows:

H0: a = 0 (Yt is non-stationary or there is a unit 

root).

H1: a < 0 (Yt is stationary or there is no unit root).

The null hypothesis can be rejected if the calculated 

t value (ADF statistics) lies to the left of the relevant 

critical value. The alternate hypothesis is that  

a < 0. This means that the variable to be estimated 

is stationary. Conversely, we cannot reject  

the null hypothesis if null hypothesis is that a = 0,  

and this means that the variables are non-stationary 

time series and have unit roots in level. However, 

will be stationary (Johansen and Juselius, 1990). 

is the same as ADF test, except that the P-P test 

uses nonparametric statistical method to take care 

of the serial correlation in the error terms without 

adding lagged differences (Gujarati, 2003). In this 

research, we use both ADF and P-P test to examine 

the stationary of the sampled time series.

Johansen co-integration test

To test for presence of cointegration we apply 

the Johansen test using non-stationary time series 

(values in levels). If between variables does exist 

using VECM model. An optimal number of lags  

according to Akaike information criterion  

for providing Johansen test is determined in VAR 

space. To conduct Johansen test, we estimate  

a VAR model of the following type:

y
t
  = A

1
y

t-1
 + ...+ A

p
 y

t-p
 + Bx

t t 
          (2)

in which each component of y
t
 is non-reposeful 

series and it is integrated of order 1. x
t
 

exogenous vector, indicating the constant term, 

trend term and other certain terms. 
t
 is a disturbance 

vector of k dimension. 

We can rewrite this model as:

   (3)

Where

      (4)

 

 then there exist k x r matrices  and  each  

with rank r   and 
t
 is I(0). 

r is the number of cointegrating relations  

(the cointegrating rank) and each column of  is  

the cointegrating vector. The elements of  are 

known as the adjustment parameters in the VEC 

from an unrestricted VAR and to test whether we 

can reject the restrictions implied by the reduced 

Vector error correction model

Granger (1988) suggested the application of Vector 

Error Correction methodology (VECM) in case  

short-run causal relationships. VECM, therefore, 

enables to discriminate between long-run 

equilibrium and short-run dynamics. In this sense, 

we employ following VECMs to estimate causal 

linkages among the variables:

 

 

where l is non-performing loans for wheat 

production, s Wolf numbers for solar activity 

(sunspots), y  wheat yield and w world wheat prices 

(Granger, 1988).

Providing regression analysis of the sampled 

variables by modeling VECM allows us  

to determine the existence of substantial  

 

on the values of other variables in the sample,  

but also dependence on previous values  

of the variable. 
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However, VEC model must meet the requirements 

of serial correlation‘s absence, homoscedasticity 

of the residuals and to meet the requirement  

of stability and normality. Only in this case  

the results can be considered valid. 

Granger causality test

The last stage to determine the relationship and its 

direction is the use of Granger causality test. So, 

rejection of the null hypothesis of Granger test 

(H0), according to which:

b
1
 = b

2
 = ..... = b

p
 = 0,                                 (5)

in favor of the alternative hypothesis (H1) suggests 

that changes in sunspots or wheat yield or world 

wheat prices Granger cause changes in NPL share 

of loans for wheat production. (Granger, 1969)

Materials and data processing

We test a hypothesis of causality between sunspots 

and cycles of agricultural lending on example  

of Russian data for the period 1990 to 2015.  

The base period is one year. Unfortunately, use  

of quarterly or monthly values of variables  

for the analysis is hindered due to availability 

of only annual data on wheat yields and NPL 

granted for wheat production. Using VECM, 

we set ourselves a task to determine sensitivity  

of dynamics of NPL for wheat production  

to changes in solar activity, wheat yield  

and dynamics of world prices for wheat.

Data on wheat yield in Russia and NPL is obtained 

from the statistical database of Federal State 

Statistics Service of Russia (FSSR) (www.gks.ru)  

and statistical database of the Bank of Russia 

(BR) (www.cbr.ru). Data for world prices  

of wheat is obtained from the statistical database 

of Food and Agriculture Organization of the United  

Nations (FAOSTAT). Data for cycles of sunspots 

– the average values of the Wolf numbers is 

obtained from the statistical database of the Far 

Eastern Department for Hydrometeorology and 

Environmental Monitoring of Russia (FEDHEMR) 

(www.khabmeteo.ru).

To conduct time-series analysis, all variables 

were transformed into logarithms. To identify 

and formally assess the relationship between 

variables, we use simple correlation analysis.  

To study sensitivity and causal linkages between 

the variables in the sample in short-and long-run, 

we turn to regression analysis, which involves  

the construction of VEC model of certain type 

based on stationary time series, testing the model  

for heteroscedasticity of the residuals, 

autocorrelation as well as stability and normality. 

Based on the model, we study predictive causality 

between variables by applying Granger causality 

test in VEC domain. 

Results and discussion

Table 2 presents the results of correlation analysis 

between the variables that make up the sample  

for testing our hypothesis. As can be seen from data 

presented in this Table, solar activity, expressed 

through Wolf numbers, has a moderate strength 

correlation with changes in NPL and wheat yield.

For example, correlation between Wolf numbers 

and NPL is negative – decline in solar activity leads 

to an increase of NPL on the background of positive 

correlation between Wolf numbers and wheat yield 

enhances vegetative processes in crops. The 

same is true for the relationship between wheat 

yield and NPL. An increase in productivity leads  

to a reduction in NPL and vice versa.

This table is notable for two features. First,  

 

 

The relation is reverse: an increase in solar activity 

leads to a reduction in world prices due to higher 

global wheat supply. Second, values of correlation 

explained quite logically, if we turn to assumptions 

put forward by Pustil'nik and Yom Din (2013)  

on effects of Earth's climate and atmospheric 

Source: FAOSTAT, FEDHEMR, FSSR and Bank of Russia; author’s calculation

Table 2: Correlation matrix.

Variable Non-performing loans
Sunspots   

(Wolf numbers)
World wheat prices Wheat yield

Non-performing loans 1    

Sunspots (Wolf numbers) -0,461511 [0.0101] 1   

World wheat prices 0.009509 [0.4820] -0.25582 [0.1085] 1  

Wheat yield -0.51731 [0.0040] 0.54570 [0.0023] 0.43840 [0.0141] 1
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processes to the direct cosmic radiation (solar 

radiation). Considering these assumptions the lack 

of a direct linear relationship is quite understandable.

However, the results of correlation analysis 

cannot be considered exhaustive and reliable 

due to possible problems of serial correlation,  

for example. Moreover, since the way of stochastic 

is different at each time point of the non-stationary 

series, general stochastic of the series is hard  

to capture. There is also the probability of obtaining 

spurious regression. 

Building a regression model in our case deals 

with time series that often exhibit a seasonal 

pattern (solar activity, crop yields etc.). According 

samples standard ADF and PP statistics for testing 

unit root will be biased towards nonrejection  

data are used. In other words, since seasonal 

adjustment introduces a "non-revertible" moving 

average (MA) component into time series data, 

unit root tests will be biased towards non-rejection 

of the unit root null hypothesis (Maddala & Kim, 

1998). Keeping this in mind, we use unadjusted 

annual values, given that seasonal adjustment could 

create turning points being randomness in data.

To resolve the problem with the nonstationarity  

of time series, it is necessary to test for the presence 

of unit root. The results of ADF and Phillipes-

Perron tests are presented in Table 3. 

As can be seen from the test results of variables  

for the presence of unit root in their differentiation 

of unit root in each of the variables. Thus,  

the condition of stationarity at I(1) is performed, 

which gives us reason to test variables  

for cointegration. However, it is necessary  

to determine the optimal time lag. In our case,  

the Akaike information criterion equals 2 (Table 4).

in two years seems inconsistent with empirical 

observations. However, given the fact that  

the process of granting a loan and determining its 

quality is associated with the cycle of production 

and harvesting of wheat, which requires at least 

1 year on the one hand, and on the other, given  

the non-linear and cumulative nature of relationship 

processes, it can be assumed that the maximum 

 

of solar activity is achieved in two years in case  

of our sample. This result is also indirectly 

supported by results of Marsh and Svensmark 

(2000), which developed a map of correlations 

between cosmic rays’ penetration of Earth  

and cloud cover. For Russia’s territories (Far East, 

Volga region, Stavropol Krai), providing most  

of wheat yield, correlation index is  

around 0.35 - 0.45, that can be interpreted as 

low penetration of solar radiation. So, process  

of radiation accumulation can be counted  

Source: FAOSTAT, FEDHEMR, FSSR and Bank of Russia; author’s calculation

Table 3: Results of individual unit root test.

ADF PP

Statistic Prob.** Statistic Prob.**

Levels

Intercept 10.2460 0.8394 8.7126 0.9422

Intercept and trend 8.1475 0.4164 5.4422 0.4268

First-difference

Intercept 45.08 0.0000** 43.01 0.0000**

Intercept and trend 31.73 0.0001** 29.52 0.0003**

prediction error, AIC: Akaike information criterion, SC: Schwarz information criterion, HQ: Hannan-Quinn information criterion

Source: FAOSTAT, FEDHEMR, FSSR and Bank of Russia; author’s calculation

Table 4: Optimal lag length selection.

Lag LogL LR FPE AIC SC HQ

0 -342.0658 NA 39330063  28.83881  29.03516  28.89090

1 -294.2712  18.35107 12297662  27.52260 28.39438*  27.99141

2 -308.9520   52.43009*   9683387*   27.41267*   29.28968   27.67312*
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as a factor of a more prolonged effect, excluding 

sharp or abnormal climate changes (e.g. extremely 

low wheat yield due to temperature spike in 2010, 

resulting in low rainfalls). Interestingly, Schwarz 

criterion captures these anomalies, serving  

as an argument for choosing 1 year as an optimal 

lag. However, we choose the lag, according to AIC 

and FPE.  

Once we have determined that all variables 

Johansen cointegration test for determining  

the appropriate type of regression model to use  

in the study.  For Johansen test, we use  

non-stationary data to check for presence  

of relationship between sampled variables  

(Table 5). 

Johansen test results show presence of cointegration 

between a number of equations, which allows 

presuming the existence of a long-term relationship 

between them.  Trace Statistics for null hypothesis 

of no cointegrating equations between variables 

being larger than the critical value, and p-value 

right to reject the null hypothesis. In other words, 

we can assume existence of long run causality 

between variables.

Starting from the results of the cointegration 

test, we can proceed to the construction of VEC 

model to reveal presence or absence of long-term  

and short-term relations between variables. 

The model shows the relationship between NPL 

and explanatory variables (sunspots, wheat yield, 

and world wheat prices). The results of the model 

estimation, showing the relationship between 

above-mentioned variables are presented in Table 6. 

Dependent variable is dynamics of non-performing 

bank loans for agricultural sector. Explanatory 

variables include sunspots, world wheat prices  

and wheat yield in Russia. To test for causality  

in the long term running from explanatory variables 

to dependent variable error correction term C1 

 

to reject the null hypothesis on no long run causality.  

As can be seen from the Table, the value of error  

correction term C(1) is negative in sign  

 

the existence of long-run causality between  

the variables of the sample. In other words, we 

can assume that NPL, sunspot cycles, wheat yield  

and world wheat prices have similar trends  

of movement in the long run on the one hand. 

On the other hand, we can assume that sunspots, 

world wheat prices and wheat yield in Russia cause 

changes in the share of the NPL in the long-run. 

between long-term trends of agricultural (wheat) 

Source: FAOSTAT, FEDHEMR, FSSR and Bank of Russia; author’s calculation

Table 5: Results of Johansen co-integration test. 

Hypothesized No. of CE(s) Eigenvalue Trace Statistics 0.05 Critical Value Prob.**

None* 0.861247 84.24884 47.85613 0.0000*

At most 1 0.499327 21.82239 29.79707 0.1035

At most 2 0.363965 11.18259 15.49471 0.2005

At most 3 0.033137 0.775061 3.841466 0.3787

Source: FAOSTAT, FEDHEMR, FSSR and Bank of Russia; author’s calculation

Table 6: Results of VECM estimation. 

 Std. Error t-Statistic Prob.  

C(1) -0.378891 0.096698 -3.918314 0.0018*

C(2) 0.003590 0.196963 0.018227 0.9857

C(3) 0.252026 0.197597 1.275452 0.2245

C(4) -0.000981 0.008204 -0.119617 0.9066

C(5) 0.007553 0.008436 0.895265 0.3869

C(6) -0.299510 0.092789 -3.227858 0.0066

C(7) -0.246822 0.105264 -2.344797 0.0356

C(8) -0.011227 0.007174 -1.564968 0.1416

C(9) -0.004032 0.007287 -0.553355 0.5894

C(10) -0.020823 0.203715 -0.102218 0.9201
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lending cycles and sunspot cycles. The error 

correction term C(1) is a long run equilibrium 

how fast the system of interrelated variables would 

be restored back to equilibrium in the long run 

or the disequilibrium would be corrected. Given 

less than 5%) and negative meaning, the system  

of variables corrects its previous period 

disequilibrium at a speed of 37,88% in two years 

(given optimal lag meaning of two years for ECM). 

speed of adjustment by 37,88% of disequilibrium 

correction in 2 years for reaching long run 

equilibrium steady state position. 

The result of long-run causality between solar 

cycles, crop yield and wheat price is in line  

with existing studies on this issue  

(e.g. Monteith,1972; Garnett et al., 2006; Pustil’nik 

and Yom Din, 2013). However, the causal linkage 

with bad bank debts dynamics can be viewed  

as a new founding in our case. 

On the other hand, of interest is the question  

about short-term sensitivity of agricultural lending 

cycles to changes in solar activity. In case of short-

term crop yield’ dependence on sunspots directly 

or indirectly, one can argue about importance  

and need to consider cosmic and climate 

changes when building models for crops yield 

forecasting and, consequently, assessing credit 

to agriculture. The rest of error correction terms 

represent the base for determining short-run 

causality coming from solar cycles (C4, C5), wheat 

yield (C6, C7) and world wheat prices (C8, C9). 

To identify short-term causality between  

the variables we refer to the Wald test results. 

This test allows determining the interrelationship 

between variables in the short term. In other words, 

under the null hypothesis of this test, the response 

of error correction term to explanatory variables 

equals zero, i.e. sensitivity of resulting variable 

to changes (shocks) in explaining is not observed. 

Results of Wald Test for the model are presented  

in Table 7.

Based on the results of Wald Test one can detect 

yield to NPL with rate of adjustment towards 

equilibrium of 24,68% in t-2 and almost 30%  

in t-1. As can be seen from the results of the Wald 

test in the short run cycles of agricultural lending 

are sensitive to changes in wheat yields, that is  

the logical manifestation of the relationship 

A decrease in yield leads to emergence of NPL  

and vice versa. In the short run, sensitivity  

of NPL to dynamics of sunspots has not been found, 

which suggests a more long-term and possibly 

indirect effect of solar radiation on the cycles  

of agricultural lending. However, one should be 

aware that the level of NPL cannot directly be 

determined only by bursts of solar activity. As we 

noted in the previous section, many factors explain 

the lack of short-term sensitivity. These include 

climatic and natural factors. The lack of short-term 

relationship between NPL and the world prices  

for wheat is due to the exporting status of Russia 

on the one hand, and on the other, the fact that most 

of the wheat is consumed on the domestic market, 

term. (AEGIC,2016)

In order to determine predictive causal relationships 

of solar activity for wheat yield and, consequently, 

on dynamics of NPL in the market for wheat, 

Source: FAOSTAT, FEDHEMR, FSSR and Bank of Russia; author’s calculation

Table 7. Wald test results for short run relationship

Test Statistic Value df Probability

Null Hypothesis: C(4) = C(5) = 0 (Sunspots)

F-statistic 0.4295 (2, 13) 0.6597

Chi-square 0.8590 2 0.6508

Null Hypothesis: C(6) = C(7) = 0 (Wheat Yield)

F-statistic 6.6216 (2, 13) 0.0104*

Chi-square 13.2432 2 0.0013*

Null Hypothesis: C(8) = C(9) = 0 (World Wheat Prices)

F-statistic 1.4604 (2, 13) 0.2678

Chi-square 2.9208 2 0.2678



[27]

Do Sunspots Matter for Cycles in Agricultural Lending: a VEC Approach to Russian Wheat Market

we present results of the Granger causality test  

(Table 8).

As can be seen from Table 8, solar cycles  

and changes in wheat yield do Granger cause 

changes in NPL, given p-values being less than  

 

the null.

Given these results we can assume that solar 

activity, represented in Wolf numbers as well  

as wheat yield are useful in forecasting dynamics  

of non-performing banks loans for agricultural 

market in part of market for wheat. According  

to Granger, causality in economics can be tested 

by measuring ability or potential of predicting 

future values of time series by using prior values  

of another time series. That is Granger causality test 

presents predictive causality. In our case, results 

show that wheat yield and solar cycles can be used 

to predict future values of NPL and wheat yield.

Since we have already detected presence of long 

run causality between the variables by estimation 

causality running from wheat yield to NPL, 

results of Granger test give additional support  

to our hypothesis that sunspots actually do matter 

for cycles in agricultural lending by testing  

for predictive causality. In other words, solar 

cycles data can be used to forecast wheat 

yield, which determines in short run dynamics  

of non-performing loans for wheat market.

model is checking its quality. To do this, we 

refer to the series of diagnostic tests to validate  

the model on the absence of serial correlation, 

partial autocorrelation in the residuals, presence  

of homoscedasticity, normality and stability.  

The test results are presented in Table 9  

and Figures 1-3.

Note: * denotes rejection of null hypothesis of no Granger causality

Source: FAOSTAT, FEDHEMR, FSSR and Bank of Russia; author’s calculation

Table 8: Results of Granger causality test.

Dependent variable:  

Non-performing agricultural loans 

(wheat production)

 Chi-sq  df
 Probability 

(P-value)

Sunspots  0.859071 2  0.6508

Wheat Yield  13.24328 2  0.0013*

World wheat prices  2.920888 2  0.2321

All  18.75226 6  0.0046

Dependent variable: Wheat Yield Chi-sq df Prob.

NPL  3.425512 2  0.1804

Sunspots  7.265984 2  0.0264*

World wheat prices  0.480445 2  0.7865

Note: **denotes acceptance of null hypothesis (Ho: there is no auto/partial, serial correlation).

* denotes acceptance of null hypothesis of homoscedasticity.

Source: FAOSTAT, FEDHEMR, FSSR and Bank of Russia; author’s calculation

Table 9: Results of diagnostic testing.

Auto, Partial auto correlation test results

 Lag number AC  PAC  Q-Stat  Prob**

1 -0.239 -0.239 1,50 0.221**

2 0.030 -0.029 1,52 0.467**

Breusch-Godfrey Serial Correlation LM Test:

F-statistic 1.123842     Prob. F(2,11)  0.3597**

Obs*R-squared 3.902321     Prob. Chi-Square(2)  0.1421**

Heteroskedasticity Test: Breusch-Pagan-Godfrey

F-statistic 0.244052     Prob. F(12,10)  0.9879*

Obs*R-squared 5.210014     Prob. Chi-Square(12)  0.9506*

Scaled explained SS 1.354953     Prob. Chi-Square(12)  0.9999*

Heteroskedasticity Test: ARCH 

F-statistic 0.003995     Prob. F(1,20)  0.9502*

Obs*R-squared 0.004394     Prob. Chi-Square(1)  0.9472*





[29]

Do Sunspots Matter for Cycles in Agricultural Lending: a VEC Approach to Russian Wheat Market

References

[1] Australian Exports Grains Innovation Centrer (AEGIC) (2016). "Russia’s wheat industry: 

implications for Australia". [Online]. Available: http:/www.aegic.org.au/wp-content/uploads/.../

Russia-wheat-industry-Implications-for-Australia.pdf [Accessed:10 Dec. 2016].

[2] Bank of Russia Statistical Bulletin (1990-2015). [Online]. Available: http://cbr.ru/publ/?PrtId=bbs 

[Accessed: 23 Dec. 2016].

[3] Basso, B., Cammarano, D. and Carfagna, E. (2013) "Review of crop yield forecasting methods  

and early warning systems", In 

Committee of the Global Strategy to Improve Agricultural and Rural Statistics, FAO 

templates/ess/documents/meetings_and_workshops/GS_SAC_2013/Improving_methods_for_

crops_estimates/Crop_Yield_Forecasting_Methods_and_Early_Warning_Systems_Lit_review.

pdf+&cd=1&hl=ru&ct=clnk&gl=ru [Accessed: 18 Dec. 2016].

[4] 

Cycles Magazine, Vol. 19, pp. 201-207. ISSN 0011-4294.

[5] Dickey, D. and Fuller, W. (1979) “Distribution of the estimators for autoregressive time series  

Journal of American Statistical Association, Vol. 74, pp. 427-431.  

ISSN 0162-1459. DOI 10.2307/2286348.

[6] FAOSTAT: Food and Agriculture Organization of the United Nations [DB/OL] (2016) [Online]. 

Available: http:/www.faostat.org [Accessed 5 Dec. 2016].

[7] Far Eastern Department for Hydrometeorology and Environmental Monitoring of Russia (2016) 

[Online]. Available: http:/ www.khabmeteo.ru [Accessed: 18 Dec. 2016].

[8] Federal State Statistics Service of Russia (2016) [Online].  Available: http:/ www.gks.ru  

[Accessed: 19 Dec. 2016].

[9] Garnett, R., Nirupama, N., Haque, C. and Murty, T. S. (2006). “Correlates of Canadian 

Climate Research, Vol. 32, pp. 25-33.  

ISSN 1616-1572. DOI 10.3354/cr032025.

[10] Gorbanev, M. (2012) “Sunspots, unemployment, and recessions, or Can the solar activity cycle 

Available: https://mpra.ub.uni-muenchen.de/40271 [Accessed: 28 Nov. 2016].

[11] Gujarati, D. (2008) "Basic Econometrics", 4th Edition, Mc Graw-Hill, London. p. 944.  

ISBN 978-0073375779.

[12] Gupta, R., Gil-Alana, L. and Yaya, O. (2015) „Do sunspot numbers cause global temperatures? 

Evidence from a frequency domain causality test“, Applied Economics, Vol. 47, No. 8, pp. 798-808. 

ISSN 1466-4283. DOI 10.1080/00036846.2014.980575.

[13] Granger, C. W. J. (1969) „Investigating Causal Relations by Econometric Models and Cross-spectral 

Methods“, Econometrica,  Vol. 37, No. 3, pp. 424–438. ISSN 1468-0262. DOI 10.2307/1912791.

[14] Granger, C. W. J. (1988) "Some Recent Development in a Concept of Causality", Journal  

of Econometrics, Vol. 39, pp. 199-211. ISSN 0304-4076. DOI 10.1016/0304-4076(88)90045-0.

[15] Agriculture Economic Report, 

Vol. 327, pp. 1–23. 

[16]  

the causes or symptoms of its variable emission of light and heat; with remarks on the use that 

may possibly be drawn from solar observations“, Philosophical Transactions of the Royal Society  

of London, Vol. 91, pp. 265–318.



[30]

Do Sunspots Matter for Cycles in Agricultural Lending: a VEC Approach to Russian Wheat Market

[17] 

Journal of Astrophysics and Astronomy, Vol. 27, pp. 367–372. ISSN 0973-7758.  

DOI 10.1007/BF02702543.

[18] 

New Astronomy, Vol. 9, pp. 651-662. ISSN 1384-1076. DOI 10.1016/j.newast.2004.04.001.

[19] Hirshleifer, D. and Shumway, T. (2003) „Good day sunshine: Stock returns and the weather.“ Journal 

of Finance, Vol. 58, No. 3, pp. 1009-1032. ISSN 1540-6261. DOI 10.1111/1540-6261.00556.

[20] Huhtamaa, H., Helama, S., Holopainen, S., Rethorn, C. and Rohr, C. (2015) “Crop yield responses 
th century Finland: provincial variation in relation to climate  

Boreal Environment Research, Vol.20, pp. 707-722. ISSN 1239-6095. 

[21] International Monetary Fund (2014) "Quarterly National Accounts Manual: Concepts, Data Sources 

and Compilation". [Online]. Available: http:/http://www.imf.org/external/pubs/ft/qna/2014/

Textbook [Accessed: 16 Nov. 2016].

[22] Jevons, W. S. (1879) „Sunspots and commercial crises“, Nature, Vol.19, pp. 588–590.  

ISSN 0028-0836.

[23] Johansen, S. and Juselius, K. (1990) „Maximum likehood estimation and inference on co-integration 

with applications to the demand for money“, Oxford Bulletin of Economics and Statistics, Vol. 52, 

pp. 169-210. ISSN 1468-0084. DOI 10.1111/j.1468-0084.1990.mp52002003.x.

[24] Johansen, S. (1991) „Estimation and Hypothesis Testing of Cointegration Vectors in Gaussian 

Vector Autoregressive Models“, Econometrica, Vol. 59, No. 6, pp.1551–1580. ISSN 1468-0262. 

DOI 10.2307/2938278.

[25] Kamstra, M., Kramer, L. and Levi, M. (2003) "Winter Blues: A SAD Stock Market 

Cycle", American Economic Review, Vol. 93, No. 1, pp. 324-343. ISSN 0002-8282.  

DOI 10.1257/000282803321455322.

[26] Surveys in Geophysics, 

Vol. 33, pp. 503-534. ISSN 0169-3298. DOI 10.1007/s10712-012-9181-3.

[27] Geophysical Research 

Letters, Vol. 40, pp. 4171-4176. ISSN 1944-8007. DOI 10.1002/grl.50846.

[28] Maddala, G. S. and Kim, In-Moo (1998) „Unit Roots, Cointegration, and Structural Change“, 

Cambridge: Cambridge University Press. pp. 364–365. ISBN 0-521-58782-4.

[29] Space Science Reviews, 

Vol. 94, pp. 215–230. ISSN 1572-9672. DOI 10.1051/epn/2015204.

[30] Journal of Applied 

Ecology, Vol. 9, No. 3, pp. 747-766. ISSN 1365-2664. DOI 10.2307/2401901.

[31] Novy-Marx, R. (2014) “Predicting anomaly performance with politics, the weather, global 

Journal of Financial Economics, Vol. 112, No. 2, pp. 137-146.  

[32] Otsu, A., Chinami, M., Morgenthale, S., Kaneko, Y., Fujita, D. and Shirakawa, T. (2006) “Correlations 

Perceptual  

and Motor Skills, Vol.102, No. 2, pp. 603-608. ISSN 0031-5125. DOI 10.2466/pms.102.2.603-608.

[33] 

Biometrica, Vol. 5, pp. 335-346. ISSN 0006-3444. DOI 10.1093/biomet/75.2.335.

[34] Pustil’nik, L. A. and Yom Din, G. (2004) “Space climate manifestations in Earth prices  

Solar Physics, Vol. 224, pp. 473 - 481.  

ISSN 0038-0938. DOI 10.1007/s11207-005-5198-9.



[31]

Do Sunspots Matter for Cycles in Agricultural Lending: a VEC Approach to Russian Wheat Market

[35] 

Astrophysics Bulletin, Vol. 68,  

pp. 107–124. ISSN 1990-3421. DOI 10.1134/S1990341313010100.

[36] Sadanandan, A. (2014) „Political Economy of Suicide: Financial Reforms, Credit Crunches  

and Farmer Suicides in India“, The Journal of Developing Areas, Vol. 48, No. 4, pp. 287-307.  

ISSN 0022-037X. DOI 10.1353/jda.2014.0065.

[37] Salin, V., Mwanamambo, B. and Mukumbuta, L. (2008) „Lending to Agribusinesses in Zambia“, 

lending_to_agribusiness_zambia.pdf+&cd=1&hl=ru&ct=clnk&gl=ru [Accessed:15 Nov. 2016].

[38] Saunders, E. M. (1993) “Stock prices and wall street weather“, American Economic Review,  

Vol. 83, No. 5, pp. 1337-1345. ISSN 0002-8282.   

[39] Savin, I. and Leo, O. (2016) “Solar-Caused Fluctuations in Earth’s Magnetic Field and Statistical 

Agrobiology, Vol. 51, No. 3, pp. 351-359. ISSN 1804-2686.  

DOI 10.15389/agrobiology.2016.3.351eng.

[40] Cycles 

Magazine, Vol. 44, pp. 76-80. ISSN 0011-4294.


