
A Small Scale Forecasting and Simulation Model for 

Azerbaijan (FORSAZ) 

The model is used for specific policy analysis and forecasting of main macroeconomic 

variables of Azerbaijan.  Steady state and short-run dynamics of the important aspects of the 

national economy has been modelled using Fully Modified OLS (FMOLS) co-integration 

methodology for the period 1999Q1-2016Q2. The model includes government, money market and 

external sectors, but omit household sector, labor market, wage dynamics and volume of the 

physical capital specifications due to serious data quality issues. In general the results indicate that 

coefficient estimates of short-run dynamics are in compliance with ex-ante expectations. Stability 

tests indicate that the system seems to exhibit stability around its steady state values and model 

variables converges to their steady state values approximately within 140 periods (2016Q3-

2050Q4). 

Table 1. Variable notations 

  

ty  real GDP at 2005 constant prices 

tyn  real n/o GDP at 2005 constant prices 

tyo  physical oil production in thousands tonnage 
*

tyn  potential n/o output 

tb  total budget expenditures at current prices 

tg  government consumption expenditures at current prices (in manat)  
G

ti  government investment expenditures at current prices (in manat)  

tex  exports of goods and services at current prices (in USD) 

tim  imports of goods and services at current prices (in USD) 

tt  total taxes at constant 2005 prices 
no

tt  n/o taxes at current prices 
o

tt  oil taxes at current prices 

tp  CPI (December, 2000 = 100) 
o

tp  current oil price per barrel in USD 
*

tp  trade partners’ CPI (December, 2000 = 100) 
us

tp  US CPI (December, 2000 = 100) 

tm  reserve money (in manat) at current prices 

te  nominal AZN/USD exchange rate 

tneer  nominal effective exchange rate (December, 2000 = 100) 
*

tneer  nominal effective exchange rate excluding AZN/USD rate 

tnfa  net foreign assets (in manat) 

tnda  net domestic assets 

  

Note: Upper-case letters denote variables in levels and lower-case denote natural logarithm.  
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  Theoretical Model 

ttt YoYnY   (1) 

)/(/ t

o

t

o

tt

no

tt EPTPTT   (2) 

G

ttt IGB   (3) 

ttt eneerneer  06.094.0 *  (4) 

The first equation defines total real GDP as the sum of real n/o GDP and real oil production. The 

second equation defines real total taxes as the sum of real n/o tax payments and oil sector real tax 

receipts. The third equation defines nominal budget expenditures as the sum of nominal 

government consumption expenditures and nominal government investment expenditures. The 

fourth equation defines how we link natural logarithm values of the NEER* (excluding AZN/USD 

bilateral exchange rate) and the AZN/USD exchange rate.   

  

Steady State 

There are five steady state economic relations among different variables in themodel. The first 

relation specifies a classical money demand equation, the second and the third the grand ratios of 

taxes and government expenditures, the fourth defines import demand and the fifth depicts the 

equilibrium level of the real exchange rate. The equations are listed below: 

 

tmtttt pypm ,1211 4    (5) 

tGttt ypb ,13    (6) 

tTtt yt ,14    (7) 

timtttttt pneerpypim ,

*

1615

* )(    (8) 

tpttt pneerp ,

*   (9) 

The first equation is a classical money demand equation with one exception – the opportunity 

cost of holding money is the rate of inflation instead of an interest rate. Most previous works show 

that the interest rate has a weaker, if any, impact on the decision making process of the economic 

agents in the national economy. The second and the third equations are the standard grand ratio 

estimations which ensure that in the steady state the government expenditures and the taxes will 

grow in line with the potential GDP.  

The fourth equation expresses import demand as a function of real GDP and real effective 

exchange rate (REER). As we will discuss in the next paragraph, the real exchange rate is a 

stationary variable in our model. If we assume that in the steady state REER will be at its mean 

value, then it is obvious that the long-run behavior of the import will be determined by the potential 

GDP as in the other grand ratio equations above. 

The fifth equation defines one of the important relations of our model. It implies that the real 

exchange rate is a mean-reverting process and a stationary variable. In fact, a visual inspection of 
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the series as well as various unit root tests undertaken allows us to characterize it as a stationary 

process.  

The evolution dynamics of labor supply and technology are defined according to 

tltht Lhh  )(*

1

*  
 (10) 

tatat Laa  )(*

1

*  
 (11) 

where *

ta and *

th are log levels of technology and labor supply whereas t and t are mutually 

orthogonal labor supply and technology shocks.  

The long-run production function is assumed to be a Cobb-Douglas type with homogenous 

degree of one: 

**** )1( tttt akhyn    (12) 

where *

tk is the long-run level of capital. Further, suppose that capital-output ratio is constant in the 

long-run: 

 **

tt ynk  (13) 

where is the constant capital-output ratio in the long-run. If we substitute (13) into  

(12) and carry out some manipulations yield: 

*** )/1( ttt ahyn   (14) 

where the constant  )1(   is suppressed. Surely, we can re-write (14) to express the long-run 

growth rate of output explicitly related to two orthogonal structural shocks above:  

tatht LLyn  )()/1()(*   (15) 

where we suppress the constant term  /ah  . To elaborate, as it is obvious from (15) the 

growth rate of the potential output ( *

tyn ) is influenced by both technology (productivity) and 

labor supply shocks.  

In our model, potential level of n/o output is exogenous and determined outside of the model. 

To estimate the potential n/o output, we utilize the Hodrick-Prescott filter ( 100 ) and feed the 

trend into the model.  

Because inflation is a stationary process and will be at its mean value in the long-run the growth 

rate of nominal money stock can be found using the relation 

*

11

**

ttt ypm    (16) 

 

Short-run dynamics 

There are six behavioral equations that describe short-run evolution of the six endogenous 

variables and one analytical balance identity.  

 

Reserve money and net foreign assets (NFA) 

The only identity of the model links reserve money (in manats) to net foreign assets (NFA) 

and net domestic assets (NDA) holdings of the Central Bank: 
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ttt NDANFAM   (17) 

NDA is treated as an exogenous variable in the model. The change in NFA is specified as a 

function of change in the trade balance (of goods and services), excess money supply, deviations 

of the real exchange rate from its long-run mean and its own lagged terms: 

tptmtttttt LLimexLernfaLernfa ,14,131211 )()())(())((    (18) 

where )(Lij are lag polynomials, tm, excess money supply and tp, deviations of the real 

exchange rate from its long-run mean.  

 

Non-oil output gap 

We assume that n/o output is affected by real government spending and real taxes. Besides, we 

assume that excess money supply exerts a positive pressure on output gap and boosts it: 

)()())(()( 22

*

21

*

tttttt pbLynynLynyn    

tptmt

no

t LLptL ,25,2423 )()()()(    

(19) 

where as usual where )(Lij are lag polynomials, tp, and tm, represent deviations of the real 

exchange rate from its long-run level and excess money supply, respectively.  

 

Government expenditure 

We assume that real government consumption expenditure is a function of its own lagged 

values, real GDP, real taxes and the deviation its long-run level: 

 

ttttt yLpgLpg  )()()()( 3231   

tGt LtL ,3433 )()(    
(20) 

where as usual where )(Lij are lag polynomials and tG , represents deviation of the government 

expenditures from its long-run level.  

 

Taxes 

We specify real total taxes as a function of its own lagged values, real GDP, real budget 

expenditures, real imports and deviations from its long-run level:            

 ttt yLtLt )()( 4241   

tTttttt LperimLpbL ,45

*

4443 )()()()()(    

(21) 

where as usual where )(Lij are lag polynomials and tT , represents deviation of the taxes from its 

long-run level.  

 

Inflation 

The domestic inflation is defined as a function of its own lagged values, nominal effective 

exchange rate, foreign inflation, real budget capital expenditures, output gap, money supply and 

deviation of the real exchange rate from its long-run level: 

 *

535251 )()( tttt pLneerpLp   (22) 
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tptttt

G

t LmLynynLpiL ,5756

*

5554 )()()()()()(    

where as usual where )(Lij are lag polynomials and tp, represents deviation of the real exchange 

rate from its long-run level.  

 

Imports 

In the model, export of goods and services are treated as an exogenous variable Imports is 

defined as a function of its own lagged values, real exchange rate, real output, real budget capital 

expenditures, real oil price and deviations of real exchange rate from its long-run values 

 )()()()()( *

62

*

61

*

ttttttt pneerpLpimLpim   

 )()()( 6463 t

G

tt piLyL   

tptim

us

t

o

t LLppL ,67,6665 )()()()(    

(23) 

where as usual where )(Lij are lag polynomials, tim, and tp, represents deviation of the imports 

and real exchange rate from their long-run levels, respectively.  

 

Empirical Results 

 

Table 2. Steady State Estimates 

Money demand 

)6.0()09.0()8.0(

9.141.27.10 tttt pypm 
 

Fully Modified OLS, T = 1999(3) - 2016(2) = 68   

Budget expenditures 

)06.0()5.0(

6.14.7 ttt ypb 
 

Fully Modified OLS, T = 1999(2) - 2016(2) = 69  

Taxes 

)06.0()5.0(

4.11.5 tt yt 
 

Fully Modified OLS, T = 1999(2) - 2016(2) = 69  

Imports 

)29.0()15.0(

)(9.04.0 **

tttttt pneerpypim 
 

Fully Modified OLS, T = 2003(1) - 2016(2) = 54  

Note: Standard deviations are reported in the parenthesis.
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Table 3. Short-run Estimates 

Net Foreign Assets (NFA) 

)08.0()05.0()04.0(

24.016.0)(24.0 1,3,33   tptmtttt imexernfa 
 

OLS, T = 2000(1) - 2016(2) = 66, 09.0ˆ     

Output gap 

)024.0()02.0(

)(041.0)(1.0)( 22

*

  tttttt pbpbynyn
 

)01.0()025.0()022.0(

04.0)(044.0)(075.0 1,11   tmt

no

tt

no

t ptpt 
 

2SLS, T = 1999(4) - 2016(2) = 67, 02.0ˆ     

Government consumption 

)17.0()14.0()11.0(

5.065.0)(23.0)( 111   tttttt yypgpg
 

)04.0()08.0(

1.015.0 1,3   tGtt 
 

2SLS, T = 2000(2) - 2016(2) = 65, 04.0ˆ   

Taxes 

)37.0()32.0()32.0()11.0()11.0(

81.073.061.019.042.0 32143   tttttt yyyttt
 

)09.0()24.0()1.0()62.0(

42.0)(59.0)(25.026.1 1,444   tTttttt pbpby 
 

2SLS, T = 2000(2) - 2016(2) = 65, 09.0ˆ    

Inflation 

)28.0()3.0()008.0()10.0(

59.086.0)(017.023.0 *

4

*

21   ttt

G

ttt pppipp
 

)04.0()04.0(

025.009.024.0 3,1   tptt mneer 
 

2SLS, T = 2000(2) - 2016(2) = 65, 02.0ˆ     

Imports 

)33.0()1.0(

)(98.0)(18.0)( *

333

*

44

*

  ttttttt pneerppimpim
 

)04.0()04.0()35.0(

)(11.0)(07.0)(96.0 3322

*

444   ttttttt pbpbpneerp
 

)07.0()08.0(

19.0)(39.0 1,11   tIM

us

t

o

t pp 
 

OLS, T = 2003(1) - 2016(2) = 54, 09.0ˆ   

 


