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Abstract: 

This study aimed to reach the economic applications of 
Lagrange multiplier, which represents the cornerstone when 
constructing and designing dynamic stochastic general equilibrium 
models; to study, analyze and test behavior, and the path of monetary 
policy effectiveness in the Egyptian economy during the study period 
from 1990 to 2019. And through the proposed algorithm to derive the 
DSGE models using Lagrange multiplier; it was possible to reach the 
conditions of equilibrium that guarantee achieving optimal monetary 
policy in the Egyptian economy. 

The current analytical scenario resulted in the effectiveness of 
monetary policy within the Egyptian economy on accepting the first 
reference result of the main hypothesis of the study, which is: “It is 

expected that the Egyptian economy will witness instances of 
fluctuation in the effectiveness of monetary policy applied 
throughout the study period.” This result alone is sufficient for the 

necessity of radical and structural changes in applied monetary 
policy, and other corresponding changes in the applied economic 
policies in the Egyptian economy, as for the future scenario, the 
signs of which appeared when the second reference result was 
accepted, namely: - “The Egyptian economy has recently followed 

the right steps to achieve the optimal monetary policy” -; This is 
supported by the results of forecasting the path of inflation rate and 
the level of nominal GDP in future periods of time through the 
Bayesian Impulse Responses Functions IRFs methodology. 
Key Words: 

Lagrange Multiplier– Dynamic Stochastic General Equilibrium 
Models– Effectiveness of Monetary Policy– Optimal Monetary 
Policy– Historical and Smoothed Variables Test. 
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 الْإِطَارُ التَّمْهِيدِيُّ لِلدِّرَاسَةِ/ 1

Bayesian Econometrics

Markov Chain 
Monte Carlo Methods

 
A 

Promised Value Approach
Non Policy 

Block

Optimal Monetary Policy
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(IMF Staff Report, Arab Republic of Egypt, 2020)

 

Dynamic Stochastic General Equilibrium Models
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Bayesian Impulse Responses Functions IRFs 

DSGE

 التطبيقات الاقتصادية لمضاعف لاجرانج/ 2
Joseph Louis Lagrange

Newtonian Classical 
Mechanics

Lagrangian Mechanics

 

Lagrange 
Multiplier ApproachBreusch and Pagan

The Lagrange Multiplier Test and its Applications to Model 
Specification in Econometrics

https://en.wikipedia.org/wiki/Lagrangian_mechanics
https://en.wikipedia.org/wiki/Lagrangian_mechanics
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Neural Network modelsGenetic 
Algorithm

ComplexNon StationaryNoisy
Incomplete

Nonlinear Aactivation Functions

 (Zhao, X., 2015)
𝝀
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f
n

𝒙`𝒔

𝒈𝒙𝟏

𝝀

 (Catani, P. and Ahlgren, N., 2016) 𝒎𝒂𝒙
{𝒙𝟏,⋯⋯⋯, 𝒙𝒏 } 

∞
𝒕=𝟎

𝒎𝒊𝒏
{𝒙𝟏,⋯⋯⋯, 𝒙𝒏 } 

∞
𝒕=𝟎

⁄  𝒚 = 𝒇(𝒙𝟏, ⋯ ⋯ ⋯ ,  𝒙𝒏)   ;                            (𝟑)

𝒙`𝒔

𝒔
𝒄⁄     𝒈(𝒙𝟏, ⋯ ⋯ ⋯ ,  𝒙𝒏)             ;                  (𝟒)

𝓛 (𝒙𝟏, … … … ,  𝒙𝒏, 𝝀) = 𝒇(𝒙𝟏, … … ,  𝒙𝒏) + 𝝀𝒈(𝒙𝟏, … … ,  𝒙𝒏)      ;        (𝟓)

وفييظ  ييا ايييا الُيييان يلموصلييل القو ييا ولييل رجييأ الللييوْ اللرنييلا أو جلوملثول ييل مييل  يي ْ ويجيياد  

 :القظ تلجق الشرط جلودَّاللظ القالظالمشقجات القفاضليلا الجزئيلا 

 

Bayesian Econometrics

Markov 
Chain Monte Carlo Methods

:
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 (Blanchard, O.,2008)
 Lawrence, C., et.al., 2001

 (Slanicay, M., 2014)
A 

Promised Value Approach
Non Policy 

Block

Optimal Monetary Policy

 𝑪𝒕 𝑵𝒕

 𝑴𝒕/ 𝑷𝒕

𝜷𝒕𝑻 = 𝟎 , … , ∞

𝑷𝒕𝑪𝒕 + 𝑸𝒕 𝑩𝒕 + 𝑴𝒕 ≤  𝑩𝒕−𝟏 +  𝑴𝒕−𝟏 +  𝑾𝒕 𝑵𝒕 − 𝑻𝒕       ;                           (𝟖)
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𝑷𝒕 𝑩𝒕

𝑸𝒕

𝑴𝒕

 𝑩𝒕−𝟏

 𝑴𝒕−𝟏

 𝑾𝒕

𝑻𝒕

𝓐𝒕 𝑩𝒕−𝟏 +

 𝑴𝒕−𝟏 ≡

𝑷𝒕𝑪𝒕 + 𝑸𝒕 𝓐𝒕+𝟏 + (𝟏 − 𝑸𝒕)𝑴𝒕 ≤  𝓐𝒕 +  𝑾𝒕 𝑵𝒕 − 𝑻𝒕       ;                         (𝟗)

𝐥𝐢𝐦
𝑻→∞

𝑬𝒕  { 𝓐𝒕 } ≥  𝟎,      𝑭𝒐𝒓 𝒂𝒍𝒍 𝒕                                  ;                            (𝟏𝟎)

 

𝑸𝒕
−𝟏𝒆𝒙𝒑 𝒊𝒕

(Gali, J., 

2008)

𝑼𝒎,𝒕𝑼𝒄,𝒕
 

(Hills, T., et.al., 2018)
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 لْمِصْرِيّجالاقْتِصَادِ  خِلدَافَعَالِيَّةُ السِّيَاسَةِ النَّقْدِيّةِ / 3

,
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(Subramanian, A., 1997)
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Corridor System
Overnight 

Interbank Rate
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 فَعَالِيَّةُ لقياس لْدِينامِيكِيَّةجئِيَّة لْعَشْواج لْعَامج لْتَّوازُنجتصميم نَماذِج / 4 
 النَّقْدِيّةِ السِّيَاسَةِ

Rotemberg and Woodford, 1977
Numerical Dynamic Programming 

Methods
DSGE Models

RBC Models
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Three Interrelated Blocks

 
(Christiano, L., et.al., 2010)

 القطاع العائلي 4/1
j

𝑪(𝒉𝒕,𝒋)

𝑵(𝒉𝒕,𝒋)𝑴(𝒉𝒕,𝒋)/ 𝑷(𝒉𝒕) 

 (Rabanal, P., and Ramírez, J., 2005) 

𝑻 = 𝟎 , … , ∞𝑮(𝒉𝒕)
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𝜷𝝈𝝃

𝜸𝝊

∏(𝒉𝒕, 𝒋)

𝑻(𝒉𝒕, 𝒋)𝑾(𝒉𝒕, 𝒋) 𝑵(𝒉𝒕, 𝒋)

𝑫(𝒉𝒕, 𝒋)𝑩(𝒉𝒕, 𝒋)

𝑷(𝒉𝒕) 𝑪(𝒉𝒕,𝒋)

𝑴(𝒉𝒕,𝒋) − 𝑴(𝒉𝒕−𝟏,𝒋) 

𝓠 (𝒉𝒕+𝝉⃒𝒉𝒕) 𝑫(𝒉𝒕+𝝉, 𝒋) +
𝑩(𝒕+𝟏,𝒋)

𝑹(𝒉𝒕)

𝟏 − 𝜽𝒑

Ʌ(𝒉𝒕)

𝑷∗(𝒉𝒕, 𝒊)𝑴𝑪̅̅ ̅̅ ̅(𝒉𝒕+𝝉, 𝒊)

𝜽𝒑

Calvo 

Restriction Function 
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𝒀(𝒉𝒕, 𝒊)  =  𝑨(𝒉𝒕)�̅�𝜹 {[∫ 𝑵(𝒉𝒕, 𝒊, 𝒋)
𝝓−𝟏

𝝓 𝒅𝒊
𝟏

𝟎
]

𝝓−𝟏

𝝓

}

𝟏−𝜹  

    ;     (𝟏𝟖)         

𝒀(𝒉𝒕) = [∫ 𝒀(𝒉𝒕, 𝒊)
𝜺(𝒉𝒕)−𝟏

𝜺(𝒉𝒕) 𝓭𝓲
𝟏

𝟎
]

𝜺(𝒉𝒕)

𝜺(𝒉𝒕)−𝟏

                                  ;     (𝟏𝟗)          

𝑵(𝒉𝒕, 𝒊, 𝒋) = [
𝑾(𝒉𝒕,𝒋)

𝑾(𝒉𝒕)
]

−𝝓

[
𝒀(𝒉𝒕,𝒊)

𝑨(𝒉𝒕)
]

𝟏

𝟏−𝜹
                                    ;     (𝟐𝟎)         

𝑨(𝒉𝒕)

𝑵(𝒉𝒕, 𝒊, 𝒋)

j𝟏 < 𝛗

�̅�𝒀(𝒉𝒕)

𝜺(𝒉𝒕)

Given Wages

𝑾(𝒉𝒕)

 قطاع الحكومة 4/3

𝑴(𝒉𝒕)

 (Albonico, A., et.al., 2019)

∫ 𝑻(𝒉𝒕, 𝒋) 𝒅𝒋 = 𝑴(𝒉𝒕) − 𝑴(𝒉𝒕−𝟏);                                    (𝟐𝟏)
𝟏

𝟎

 

 التوازن الآني في الأسواق 4/4
𝒀𝒕

 𝑪𝒕

𝑵𝒕
∗
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𝒎𝒄𝒕 𝑾𝒕 ∕ 𝑷𝒕

𝑼𝒎,𝒕𝑼𝒄,𝒕

Steady State

Recursive 

Structure

𝓨𝒕 = 𝑬𝒕 𝓨𝒕+𝟏 − (
𝟏

𝝈−𝟏
) (𝒓𝒕 − 𝑬𝒕 𝒑𝒕+𝟏 + 𝑬𝒕 𝒈𝒕+𝟏 − 𝒈𝒕) ;                                (𝟐𝟐)

IS
Euler Identity

𝒏𝒕

 𝓨𝒕 = 𝒂𝒕 + (𝟏 − 𝜹) 𝒏𝒕   ;                                     (𝟐𝟑)

𝒎𝒓𝒔𝒕𝜸

𝒎𝒓𝒔𝒕 =  𝝈−𝟏𝓨𝒕 + 𝜸𝒏𝒕 − 𝒈𝒕 ;                            (𝟐𝟒) 

𝒓𝔀𝒕

𝓨𝒕

𝒎𝒄𝒕 = 𝒓𝔀𝒕 + 𝒏𝒕 − 𝓨𝒕 ;                                     (𝟐𝟓) 

∆𝔀𝒕∆𝒑𝒕

𝒓𝔀𝒕 = 𝒓𝒘𝒕−𝟏 + ∆𝔀𝒕 − ∆𝒑𝒕  ;                         (𝟐𝟔)   

𝒓𝒕𝜸𝝅 𝜸𝒚
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𝝆𝒓

𝜺𝒕
𝒎𝒔

𝒓𝒕 = 𝝆𝒓 𝒓𝒕−𝟏 + (𝟏 − 𝝆𝒓)(𝜸𝝅 ∆ 𝑷𝒕 + 𝜸𝒚𝓨𝒕)

+ 𝜺𝒕
𝒎𝒔   ;                         (𝟐𝟕)   

𝒂𝒕𝒈𝒕

Auto Regressive Function 
From Order One: AR(1)𝝆𝒂𝝆𝒈

𝜺𝒕
𝒂𝜺𝒕

𝒈

Pure Random Process
White Noise Process

𝜺𝒕
𝒂𝒂𝒕−𝟏

𝜺𝒕
𝒈

𝒈𝒕−𝟏

𝒂𝒕 =  𝝆𝒂𝒂𝒕−𝟏 + 𝜺𝒕
𝒂     ;                𝝆𝒂 ∈ {𝟎 , 𝟏};         (𝟐𝟖)

𝒈𝒕 =  𝝆𝒈𝒈𝒕−𝟏 + 𝜺𝒕
𝒈

    ;                𝝆𝒈 ∈ {𝟎 , 𝟏} ;         (𝟐𝟗)                                   

𝒎𝒔𝒕

𝝀𝒕𝜺𝒕

𝒎𝒔𝒕 = 𝜺𝒕
𝒎𝒔   ;                               𝜺𝒕 ~ 𝑵(𝟎, 𝟏);         (𝟑𝟎) 

 𝝀𝒕   = 𝜺𝒕
𝝀      ;                               𝜺𝒕 ~ 𝑵(𝟎, 𝟏);         (𝟑𝟏) 

 

 فَعَالِيَّةُ لقياس لْدِينامِيكِيَّةج لْعَشْوائِيَّةج لْعَامج لْتَّوازُنج/ تقدير نَماذِج 5
 مصر في النَّقْدِيّةِ السِّيَاسَةِ

Predetermined variables 
 𝒗𝒂𝒓 𝑿𝟏: … ,  𝑿𝒏,𝒂𝒏𝒅 𝒗𝒂𝒓𝒆𝒙𝒐 … ;

Parameters
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InitialCalibration
 𝒑𝒂𝒓𝒂𝒎𝒆𝒕𝒆𝒓𝒔 𝒄𝒃𝒆𝒕𝒂, 𝒆𝒕𝒂, 𝒔𝒊𝒈, … , 𝒄𝒓𝒉𝒐, … ;

 𝒎𝒐𝒅𝒆𝒍; … 𝑴𝒐𝒅𝒆𝒍 𝑫𝒆𝒔𝒄𝒓𝒊𝒑𝒕𝒊𝒐𝒏 … , 𝒆𝒏𝒅;

𝒊𝒏𝒊𝒕𝒗𝒂𝒍; … … … … , 𝒆𝒏𝒅;

𝒔𝒉𝒐𝒄𝒌𝒔; … … … 𝑺𝒉𝒐𝒄𝒌𝒔 𝑫𝒆𝒔𝒄𝒓𝒊𝒑𝒕𝒊𝒐𝒏 … … … , 𝒆𝒏𝒅;

Steady State
𝒔𝒕𝒐𝒄𝒉 _ 𝒔𝒊𝒎𝒖𝒍(… … … … );

𝒗𝒂𝒓𝒐𝒃𝒔  𝑿𝟏; 𝒆𝒔𝒕𝒊𝒎𝒂𝒕𝒆𝒅 __𝒑𝒂𝒓𝒂𝒎𝒔; … … … , 𝒆𝒏𝒅; 𝒆𝒔𝒕𝒊𝒎𝒂𝒕𝒊𝒐𝒏(… … );

𝒄𝒐𝒏𝒅𝒊𝒕𝒊𝒐𝒏𝒂𝒍_𝒇𝒐𝒓𝒆𝒄𝒂𝒔𝒕_𝒑𝒂𝒕𝒉𝒔; … … … … , 𝒄𝒐𝒏𝒅𝒊𝒕𝒊𝒐𝒏𝒂𝒍_𝒇𝒐𝒓𝒆𝒄𝒂𝒔𝒕(… … );

CalibrationGeneralized 
Method Of MomentsImpulse Response 

FunctionMaximum likelihood Test
DSGE

Bayesian Econometrics

Markov Chain Monte Carlo Methods

Posterior 𝝅 (𝜽|𝒚𝑻)𝜽

𝒚𝑻
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𝝅 (𝜽|𝒚𝑻) =
𝒑(𝒚𝑻|𝜽)𝝅 (𝜽)

∫ 𝒑(𝒚𝑻|𝜽)𝝅 (𝜽) 𝒅𝜽
    ;                            (𝟑𝟐)

Prior𝒑(𝒚𝑻|𝜽)

(𝒚𝑻|𝜽) = 𝒑(𝒚𝟏|𝜽) ∏ 𝒑

𝑻

𝒕=𝟐

(𝒚𝟏|𝒚𝒕−𝟏; 𝜽)    

 = ∫ 𝒑(𝒚𝟏|𝒔𝟏; 𝜽) 𝒅 𝑺𝟏 ∏ ∫ 𝒑(𝒚𝟏|𝒔𝒕; 𝜽) 𝒑

𝑻

𝒕=𝟐

(𝒔𝒕|𝒚𝒕−𝟏; 𝜽) 𝒅 𝑺𝒕   ;             (𝟑𝟑)

𝒑 (𝑺𝒕|𝒚𝒕; 𝜽) 𝒑(𝒔𝒕+𝟏|𝒚𝒕; 𝜽)

𝒑(𝒚𝟏|𝒚𝒕−𝟏; 𝜽)

Filtering TheoryChapman–Kolmogorov 

Equation 

𝒑(𝒔𝒕+𝟏|𝒚𝒕; 𝜽) 𝒅 𝑺𝟏 ∫ 𝒑(𝒔𝒕+𝟏|𝒔𝒕; 𝜽) 𝒑(𝒔𝒕|𝒚𝒕; 𝜽)𝒅 𝑺𝒕     ;                 (𝟑𝟒)

𝒑 (𝑺𝒕|𝒚𝒕; 𝜽) =
𝒑(𝒚𝒕|𝑺𝒕; 𝜽) 𝒑(𝑺𝒕|𝒚𝒕−𝟏; 𝜽)

𝒑(𝒚𝒕|𝒚𝒕−𝟏 ; 𝜽)
                      ;                 (𝟑𝟓)

𝒑(𝒚𝟏|𝒚𝒕−𝟏; 𝜽)  = ∫ 𝒑(𝒚𝒕|𝑺𝒕; 𝜽) 𝒑(𝑺𝒕|𝒚𝒕−𝟏; 𝜽)𝒅 𝑺𝒕     ;                 (𝟑𝟔)

kalman filter

𝑺𝒕

𝒚𝒕

𝜺𝒕

(Villaverde, J., 2010& 

Blanchard, O., 2018 )

𝑺𝒕 = 𝑨𝒔𝒕−𝟏 + 𝑩𝜺𝒕 

𝒚𝒕 = 𝑪𝒔𝒕 + 𝑫𝜺𝒕 

𝜺𝒕 ~ 𝑵(𝟎, 𝟏)  ;                (𝟑𝟕) 
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∆𝒑𝒕

𝓨𝒕𝒓𝒕

𝒓𝔀𝒕

𝒂𝒕𝒈𝒕

∆𝔀𝒕𝒏𝒕

𝒎𝒓𝒔𝒕𝒎𝒄𝒕

𝝈

2.5
𝜸𝒚

0.125gamma_ pdf
1.760.125

𝜸

𝜸𝝅 

11.5
normal_ pdf0.5𝝆𝒓𝝆𝒂

𝝆𝒈0.5 
uniform _ pdf0.2887(Griffoli, T., 2013)

Initial Steady State
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∆𝒑𝒕,

𝓨𝒕,

,,

 

m2

m3 m1

Univariate Convergence 
Diagnostics
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Multivariate Convergence Diagnostic
(Pfeifer, J., 2013) 

𝝆𝒓

𝒓𝒕,
,

,

Priors and posteriors 

𝜸𝝅 ,
 𝜸𝒚

 ا
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𝒎𝒄𝒕

,
 𝜽𝒑 

IS

𝝈𝝈−𝟏

, 

Smoothed Shocks Test 
Historical and 

Smoothed Variables

من  لْنَّقْدِيّةِج لْسِّيَاسَةِجفَعَالِيَّة والمستقبلي لمَسَار  رَّاهِنُلج/ السِينارْيُو 6
  دِينامِيكِيَّةلْج لْعَشْوائِيَّةج لْعَامج لْتَّوازُنجخلال نَماذِج 



 
 أحمد رمزي د.                                                                                                       ات ـدراس

34 
 

𝜸𝝅 

,
,,

 

 

, , , , 
 

𝒓𝒕 = 𝝆𝒓 𝒓𝒕−𝟏 + (𝟏 − 𝝆𝒓)(𝜸𝝅 ∆ 𝑷𝒕 + 𝜸𝒚𝓨𝒕) + 𝜺𝒕
𝒎𝒔   ;

𝒓𝒕 = 𝟎. 𝟒𝟖𝟔𝟐 × 𝟕. 𝟏𝟎 + (𝟏 − 𝟎. 𝟒𝟖𝟔𝟐)(𝟏. 𝟒𝟖𝟖𝟕 × 𝟓. 𝟎𝟖 + 𝟎. 𝟏𝟎𝟗𝟐 × 𝟏. 𝟑𝟑𝟐) + 𝟎 = 𝟖. 𝟒𝟑%   



 
 

 2022يوليو د الثالث، المجلد الثالث والعشرون، العد

35 
 

,
,

,
,

DSGE

 

EFF

𝝆𝒓,
, 
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Quarter 𝓨𝒕 𝒓𝒕 𝒑𝒕 𝒓𝔀𝒕 
Mar-90 0.02157855 7.50 15.82 0.968769697 
Jun-90 0.02139954 7.50 18.14 0.739043126 
Sep-90 0.02416117 7.50 20.01 0.585839823 
Dec-90 0.02896075 7.50 8.56 0.605437866 
Mar-91 0.0265981 7.50 13.66 0.581768235 
Jun-91 0.0254159 7.50 17.33 0.614416305 
Sep-91 0.02935301 13.00 21.99 0.551258196 
Dec-91 0.0311338 16.18 25.43 0.537899949 
Mar-92 0.03111133 17.09 20.90 0.515587942 
Jun-92 0.03525627 16.74 9.80 0.576504674 
Sep-92 0.03511548 16.30 9.00 0.54875159 
Dec-92 0.03761693 15.12 9.30 0.579436222 
Mar-93 0.03906267 14.50 12.80 0.578059504 
Jun-93 0.03969221 13.49 15.00 0.638893173 
Sep-93 0.03954747 12.76 11.20 0.581874341 
Dec-93 0.03899766 12.07 9.80 0.616407419 
Mar-94 0.04243003 11.22 7.40 0.628363914 
Jun-94 0.04350608 10.81 6.40 0.715669561 
Sep-94 0.04152398 10.25 8.10 0.646633596 
Dec-94 0.04753992 10.00 11.90 0.68288519 
Mar-95 0.04891658 10.00 17.10 0.680120214 
Jun-95 0.04857085 10.00 17.60 0.754843003 
Sep-95 0.05249759 10.50 16.10 0.665191089 
Dec-95 0.05401498 10.41 8.90 0.710721202 
Mar-96 0.0536154 10.16 6.30 0.729698976 
Jun-96 0.05636334 10.16 8.10 0.831099976 
Sep-96 0.05828946 9.90 6.80 0.742330247 
Dec-96 0.0611318 9.90 9.50 0.793196482 
Mar-97 0.06087434 10.10 5.90 0.815848579 
Jun-97 0.06340459 9.85 4.70 0.936991196 
Sep-97 0.06579345 9.60 4.00 0.797006305 
Dec-97 0.06712762 9.55 3.90 0.862418136 
Mar-98 0.06907835 9.65 3.40 0.89205238 
Jun-98 0.07100853 9.00 3.70 1.026943712 
Sep-98 0.07323849 9.15 3.00 0.877248305 
Dec-98 0.07407463 9.00 2.30 0.952541021 
Mar-99 0.07530743 9.01 2.40 0.987431409 
Jun-99 0.07517953 9.14 1.90 1.141051558 
Sep-99 0.07737121 9.31 2.40 0.974872986 
Dec-99 0.07974183 9.33 3.20 1.056741911 
Mar-00 0.08145883 9.33 3.00 1.094255995 
Jun-00 0.08359515 9.29 2.50 1.263105391 
Sep-00 0.08779391 9.68 2.50 1.08409984 
Dec-00 0.08725211 9.51 2.20 1.177591806 
Mar-01 0.08711159 9.76 2.50 1.220720049 
Jun-01 0.08959177 9.43 2.20 1.410028594 
Sep-01 0.0934 9.44 2.10 1.192993776 
Dec-01 0.0874 9.34 2.40 1.295477093 
Mar-02 0.0872 9.54 2.40 1.34329267 
Jun-02 0.0865 9.42 2.70 1.550254905 
Sep-02 0.1022302 9.33 3.00 1.306531736 
Dec-02 0.0959165 8.73 3.00 1.417303556 
Mar-03 0.0958921 8.12 3.50 1.466748615 
Jun-03 0.0965806 8.46 4.00 1.68886563 
Sep-03 0.1140761 8.27 4.80 1.500085081 
Dec-03 0.1084775 7.92 5.50 1.620152272 
Mar-04 0.1151586 7.68 15.90 1.64041082 
Jun-04 0.1186102 7.68 16.80 1.848205262 
Sep-04 0.130078 7.70 17.20 2.08045028 
Dec-04 0.1232845 7.68 17.40 2.071570082 
Mar-05 0.1257162 7.60 5.53 2.146865447 
Jun-05 0.1274323 7.61 4.69 2.310530636 
Sep-05 0.1455443 6.60 3.76 1.928311417 
Dec-05 0.1394594 6.50 3.13 2.132021865 
Mar-06 0.1442418 6.20 3.68 3.07366269 
Jun-06 0.1518986 5.90 7.25 3.458431158 
Sep-06 0.1779468 5.90 9.56 2.121823149 
Dec-06 0.1750439 5.90 12.38 1.639598513 
Mar-07 0.1750719 6.20 12.81 3.655962143 
Jun-07 0.182324 6.10 8.46 3.940905438 
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Sep-07 0.2105701 6.00 8.79 2.255327501 
Dec-07 0.2124987 6.00 6.51 1.75130436 
Mar-08 0.2131483 6.00 14.36 4.02716092 
Jun-08 0.2190847 6.50 20.20 4.569472796 
Sep-08 0.2618883 6.90 21.49 2.391034556 
Dec-08 0.2386879 7.40 18.39 1.93317976 
Mar-09 0.2395123 7.10 12.10 4.511366788 
Jun-09 0.2539666 6.50 9.90 5.035144273 
Sep-09 0.298032 6.00 10.75 2.41774821 
Dec-09 0.2808707 5.90 13.24 2.221330422 
Mar-10 0.2772926 6.00 8.60 4.743883897 
Jun-10 0.2943943 6.30 10.70 5.411736346 
Sep-10 0.3489153 6.40 7.20 2.494703942 
Dec-10 0.3271279 6.60 7.10 2.463639641 
Mar-11 0.30154 6.50 11.49 4.944705975 
Jun-11 0.3323225 6.60 11.79 6.021717233 
Sep-11 0.43769998 6.80 8.21 3.057673749 
Dec-11 0.432194 7.20 9.55 2.974094119 
Mar-12 0.4124353 7.70 9.03 6.161806763 
Jun-12 0.43081672 7.70 7.26 7.276966447 
Sep-12 0.49268482 7.70 6.22 3.509206585 
Dec-12 0.48412143 7.60 4.66 3.845098752 
Mar-13 0.4644899 7.80 7.59 3.346134336 
Jun-13 0.4835117 8.00 9.75 4.259529182 
Sep-13 0.5734245 7.70 10.15 4.695865407 
Dec-13 0.5545678 7.00 11.66 3.641188459 
Mar-14 0.5321463 6.80 9.82 5.267189185 
Jun-14 0.5454555 6.70 8.20 5.75304685 
Sep-14 0.6544119 7.00 11.12 5.275155717 
Dec-14 0.6310751 7.20 10.13 4.449713977 
Mar-15 0.5948846 7.10 11.51 5.277165085 
Jun-15 0.5927283 6.80 11.39 5.359047825 
Sep-15 0.702181 6.80 9.20 5.322458281 
Dec-15 0.6809889 6.80 11.06 5.235322257 
Mar-16 0.63896445 7.10 9.02 4.329959479 
Jun-16 0.6522752 7.50 13.97 5.404094702 
Sep-16 0.8107168 8.10 14.09 5.089270393 
Dec-16 0.8436886 10.30 23.27 4.707189748 
Mar-17 0.8634478 11.30 30.92 4.686990816 
Jun-17 0.899296 11.20 29.76 5.768383472 
Sep-17 1.1236 13.40 31.60 5.003798447 
Dec-17 1.12029997 13.60 21.90 4.400329136 
Mar-18 1.03020004 13.00 13.32 5.16465398 
Jun-18 1.06080025 12.00 14.38 5.213165031 
Sep-18 1.34790709 11.90 15.97 4.965490068 
Dec-18 1.3473 12.20 11.97 5.328970982 
Mar-19 1.23509997 12.00 14.16 5.014580051 
Jun-19 1.2398 11.30 9.37 5.6803892 
Sep-19 1.4794966 10.30 4.77 5.402027519 
Dec-19 1.47350004 9.20 7.10 5.820605473 

𝑷𝒕

𝒓𝒕

𝒓𝔀𝒕

𝓨𝒕
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Steady State 
var a g mc mrs n winf p r rw y; varexo e_a e_g e_lam e_ms; parameters invsig delta gam  rho gampie gamy rhoa rhog beta thetabig 
eps sig; eps=6; thetabig=2;  beta=0.99; invsig=2.5; gampie=1.5; gamy=0.125; gam=1; delta=0.36; rhoa=0.5; rhog=0.5; rho=0.5; sig = 
0.162;  model(linear);  y=y(+1)-(1/invsig)*(r-p(+1)+g(+1)-g); y=a+(1-delta)*n; 
mc=rw+n-y; mrs=invsig*y+gam*n-g; r=rho*r(-1)+(1-rho)*(gampie*p+gamy*y)+e_ms; rw=rw(-1)+winf-p; a=rhoa*a(-1)+e_a; 
g=rhog*g(-1)+e_g; rw=mrs; p=beta*p(+1)+(1-delta)*(1-(1-1/thetabig)*beta)*(1-(1-1/thetabig))/((1-1/thetabig)*(1+delta*(eps-
1)))*(mc+e_lam); end; initval; a = 2; g = 1; mc = 11; mrs = 10; n = 4; winf = 7; p = 8; r = 9; 
rw = 6;  y = 2; end; steady; shocks; var e_a = sig^2; var e_g = sig^2; var e_ms = sig^2;  var e_lam = sig^2;  end; 
stoch_simul(order=2,irf=40,periods=2000); 

 
 

POLICY AND TRANSITION FUNCTIONS 

Var. a g mc mrs n winf p r rw y 

a(-1) 0.5 0 -1.02746 -0.31128 -0.60049 -0.49578 -0.1845 -0.13115 -0.31128 0.115685 

r(-1) 0 0 -1.12894 -0.99164 -0.3814 -1.18745 -0.19581 
0.33788

5 -0.99164 -0.2441 

rw(-1) 0 0 0 0 0 -1 0 0 0 0 

g(-1) 0 0.5 0.235683 
0.14620

8 
0.24854

2 
0.18507

3 0.038865 0.03909 0.146208 0.159067 

e_a 1 0 -2.05491 -0.62256 -1.20098 -0.99156 -0.36901 -0.2623 -0.62256 0.231371 

e_g 0 1 0.471367 
0.29241

7 
0.49708

3 
0.37014

7 0.07773 
0.07818

1 0.292417 0.318133 

e_lam 0 0 -0.19547 -0.1717 -0.06604 -0.09017 0.081525 
0.05850

2 
-0.1717 -0.04226 

e_ms 0 0 -2.25788 -1.98327 -0.7628 -2.37489 -0.39162 0.67577 -1.98327 -0.48819 
 

 

VARIANCE DECOMPOSITION SIMULATING ONE SHOCK AT A TIME (in percent) 

Var. e_a e_g e_lam e_ms Tot. lin. contr. 

a 100.05 0.00 0.00 0.00 100.05 

g   0.00 100.05 0.00   0.00 100.05 

mc  46.30 2.32 0.43 51.10 100.14 

mrs 8.95 1.92 0.74 88.04   99.65 

n 66.50   11.50 0.20 23.40 101.60 

winf 15.34 2.22 0.24 81.40 99.20 

p 48.16 2.02   2.14 49.42 101.74 

r 21.88 1.96 0.64 76.68 101.17 

rw 8.95 1.92 0.74   88.04 99.65 

y 20.12 25.24 0.43 51.36 97.15 
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CORRELATION OF SIMULATED VARIABLES 

Var. a g mc mrs n winf p r rw y 

a 1.0000 0.0440 -0.6663 -
0.2545 

-
0.7984 

-
0.2458 

-0.6787 -
0.4358 

-0.2545 0.4520 

g 0.0440 1.0000 0.1306 0.1350 0.3105 0.0657 0.1186 0.0996 0.1350 0.5318 

mc -
0.6663 

0.1306 1.0000 0.8892 0.9463 0.6513 0.9784 -
0.3403 

0.8892 0.3126 

mrs 
-

0.2545 
0.1350 0.8892 1.0000 0.7250 0.6976 0.8539 

-
0.7245 

1.0000 0.6579 

n 
-

0.7984 0.3105 0.9463 0.7250 1.0000 0.5443 0.9332 
-

0.0506 0.7250 0.1762 

winf 
-

0.2458 0.0657 0.6513 0.6976 0.5443 1.0000 0.6348 
-

0.4659 0.6976 0.4046 

p 
-

0.6787 0.1186 0.9784 0.8539 0.9332 0.6348 1.0000 
-

0.3019 0.8539 0.2730 

r 
-

0.4358 0.0996 -0.3403 
-

0.7245 
-

0.0506 
-

0.4659 -0.3019 1.0000 -0.7245 
-

0.7875 

rw 
-

0.2545 0.1350 0.8892 1.0000 0.7250 0.6976 0.8539 
-

0.7245 1.0000 0.6579 

y 0.4520 0.5318 0.3126 0.6579 0.1762 0.4046 0.2730 -
0.7875 

0.6579 1.0000 

MCMCMCD
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var a g mc mrs n winf p r rw y; varexo e_a e_g e_lam e_ms; parameters invsig delta gam  rho gampie gamy rhoa rhog beta thetabig 
eps sig; eps=6; thetabig=2;  beta=0.99; invsig=2.5; gampie=1.5; gamy=0.125; gam=1; delta=0.36; rhoa=0.5; rhog=0.5; rho=0.5; sig = 
0.162;  model(linear);  y=y(+1)-(1/invsig)*(r-p(+1)+g(+1)-g); y=a+(1-delta)*n; mc=rw+n-y; mrs=invsig*y+gam*n-g; r=rho*r(-1)+(1-
rho)*(gampie*p+gamy*y)+e_ms; rw=rw(-1)+winf-p; a=rhoa*a(-1)+e_a; g=rhog*g(-1)+e_g; rw=mrs; p=beta*p(+1)+(1-delta)*(1-(1-
1/thetabig)*beta)*(1-(1-1/thetabig))/((1-1/thetabig)*(1+delta*(eps-1)))*(mc+e_lam); end; initval; a = 2; g = 1; mc = 11; mrs = 10; n = 
4; winf = 7; p = 8; r = 9; rw = 6;  y = 2; end; steady; shocks; var e_a = sig^2; var e_g = sig^2; var e_ms = sig^2;  var e_lam = sig^2;  
end; varobs p r rw y; estimated_params; invsig, gamma_pdf, 2.5, 1.76; gam, normal_pdf, 1, 0.5; rho, uniform_pdf,0.5,0.2887; 
gampie, normal_pdf, 1.5, 0.5;  gamy, gamma_pdf, 0.125, 0.125; rhoa, uniform_pdf,0.5,0.2887; rhog, uniform_pdf,0.5,0.2887;  
thetabig, gamma_pdf, 2,1.42; end; 
estimation(datafile=data,xls_sheet=delta,first_obs=6,nobs=56,mode_compute=6,mh_drop=0.1,mh_replic=5000,mh_nblocks=2,mh_jsc
ale=0.2,mode_check,bayesian_irf); forecast; 

ESTIMATION RESULTS 
Log data density is -75890.419065. 

parameters prior mean post. mean 90% HPD interval prior pstdev 
invsig 2.500 4.5995 4.5950 4.6055 gamm 1.7600 
gam 1.000 4.1806 4.1805 4.1807 norm 0.5000 
rho 0.500 0.4862 0.4853 0.4869 unif 0.2887 

gampie 1.500 1.4887 1.4887 1.4887 norm 0.5000 
gamy 0.125 0.1092 0.1092 0.1092 gamm 0.1250 
rhoa 0.500 -0.0000 -0.0000 -0.0000 unif 0.2887 
rhog 0.500 0.8418 0.8413 0.8423 unif 0.2887 

thetabig 2.000 1.1145 1.1142 1.1151 gamm 1.4200 
Estimation::mcmc: Posterior (dsge) IRFs... 
Estimation::mcmc: Posterior IRFs, done! 

Total computing time : 0h38m12s  
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الدراسةهوامش   

                                                 

𝝀

𝝏𝑳

𝝏𝖗𝒌

−
𝒅

𝒅𝒕

𝝏𝑳

𝝏𝖗𝒌

+ ∑ 𝝀𝒊
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𝓐𝒕 𝑩𝒕−𝟏 +  𝑴𝒕−𝟏 ≡

𝑸𝒕 𝑴𝒕

𝑷𝒕𝑪𝒕 + 𝑸𝒕 𝑩𝒕 + 𝑸𝒕 𝑴𝒕+ 𝑴𝒕 − 𝑸𝒕 𝑴𝒕 ≤ 𝓐𝒕 +  𝑾𝒕 𝑵𝒕 − 𝑻𝒕       ;                           (𝟏𝟐)

𝑸𝒕

𝑷𝒕𝑪𝒕 + 𝑸𝒕 ( 𝑩𝒕 + 𝑴𝒕)  +  𝑴𝒕 −  𝑸𝒕 𝑴𝒕 ≤ 𝓐𝒕 +  𝑾𝒕 𝑵𝒕 − 𝑻𝒕      ;                          (𝟏𝟑)

𝑴𝒕

𝑷𝒕𝑪𝒕 + 𝑸𝒕 ( 𝑩𝒕 + 𝑴𝒕)  +  (𝟏 − 𝑸𝒕) 𝑴𝒕

𝓐𝒕 𝑩𝒕−𝟏 +  𝑴𝒕−𝟏 ≡𝓐𝒕+𝟏 𝑩𝒕 +  𝑴𝒕 ≡
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