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The emission of greenhouse gases is the main cause of global warming and 

environmental problems. The agricultural sector is one of the major sources of 

emissions so one-third of the greenhouse gas emissions in the world are related to 

agricultural systems. Today, forecasting is considered an important planning tool 

for policymakers. Forecasting the amount of greenhouse gas emissions can show 

a picture of the future for policymakers and help them in making strategic 

decisions. There are various methods for predicting variables. This study aims to 

compare the methods of forecasting and the emission trend of the most important 

greenhouse gases (methane, carbon dioxide, and nitrogen oxide) from Iran's 

agricultural sector. The necessary statistics and information were collected 

annually between 1990 and 2019 from the websites of the Food and Agriculture 

Organization of the United Nations, the World Bank, and the energy balance 

sheet of the Ministry of Energy, and to predict the variables from univariate 

methods of autoregressive integrated moving average (ARIMA), single 

exponential smoothing with trend, double exponential smoothing with trend, 

Holt-Winters multiplicative and Holt-Winters additive and multivariate model of 

vector autoregressive were used. Based on the research findings, methods of Holt-

Winters additive, artificial neural network, and single exponential smoothing with 

trend provided the best forecast for methane gas, carbon dioxide, and nitrogen 

oxide, respectively. The results showed that the emission trend of methane and 

nitrogen oxide gases will be downward and the amount of carbon dioxide 

emission will be upward. The results can help predict the greenhouse gases 

released from the agricultural sector and apply appropriate policies accordingly. 
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1- AlKheder & Almusalam 
2- Huang 
3- Holt Winters Multiplicative 
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1- Holt Winters Additive 
2- Single Exponential Smoothing with Trend 
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1- Double Exponential Smoothing with Trend 

2- Autoregressive Integrated Moving Average 
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1-Vector Autoregressive Model 
2- Hemingway 
3- Sharma 
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 �=$ ��RICE  �e��$ 0�
�+� ^F& :LS���VQ : 

��L�N2O 
 ��	
��
 �=$ �� !W
�� �� *
� ��� 	����� !�O � :FT �
 U��� !�O � :�2� 2+� G � ��# .���$  

�$  (�� �� ���`�&� 	�\"�VAR � 4 ���$  �$ (�� �& �# ���$ �" �$ �`�
 .�� w=�� �" �$ �`�
 ���$� �2" $

 VQ K+ �K D�
� 
 C D�
 !�"i �C+O $ OQ	��� ��#	� V� �� ���`�&� (�� |u& .�� C VAR  ��#��� ���$CH4 �

CO2  
N2O �$ !� �� 
 �	
��$ � 4 	�\"�  .�� ���`�&� 2" $  

 - ��0ES� ��S� �;��4 )ANN(  

                                                      
1- Ng 
2- Lal 
3- Singla & Inubushi 
4- Artificial Neural Network 
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��
��� �$ Y����� (�� ��# �2>S� ?
	 ��# ��Q�+�/ � 4 ���$ 2" $ g��$� ��� 	� .0&� C+� ?
	 �# �
 ��S� 2S�B 

2B�"�� �� ��� 2� ����� ���`�&� �$ �� ?�# 2B�"�� k$�
	 �� v 4 C $ �#� T�� ��1�� ��1 2� ��S� .��� ��#  2S�B

2B�"�� 	� 06 6i (�� ���&��� �� �� N�* & 2S�B �O
�� �"�*# 
 �"��� OT� ?����4 �$ ���� ��# �2$�aQ !���� 

���� �# �	 �$ 	����& ��S� A6�"� 2� OT� .�""
 �$ !��"B K+ N�* & ?����4 �Y�BZJ� �� �@�"B 2>@� �	����& �$ L�� 

!
�� A ��Q ��� 	� .0&� 06 6i !
�� �# ���& C+�Q �i�
 �	����& N�* & 2S�B ��# ��S� .�"�*# ��# 2S�B 

2>B Nr	 �g�"Q �� 	����& 2�$��� 	��	���$ 2� ��S� K+ .�"��$ 2S�B �X�GV� �� �& �+X ���
	
 !��"4 
 2/
�� 

A ��Q ��� �+X .0&� ��
	
  k61Y�BZJ� �	 01�+	� 2� �"
 
 �$��� � T�� A6�*� AGB 2� |4 .�"
 ���VQ 

!
�� ��# ��
	
 �+X �$ c�&� 0V SJ �>)*� C  VQ 2� ��� 
 2��*$ �$ ���VQ ��#� T�� A6�*� 2/
�� �+X .�	�� 

O � �"��G# � T�� ��*$�
 AGB ���
 
 ���VQ !
�� ��# !� 2��*$ �$ ���VQ A6�*� ��#� T�� .�	�� ��� UZ��$ �+X ��# 

��
	
 
 �2/
�� �+X !��"4 q # 2���`� �	 !��� 2G� �#� 
 ��"Q K+ �a �� 2�� � 	� �"+��1 �S&�E� ?�	� 2/
�� 

 �!�	��G# 
 �� ��) �"�*#1394 .(  

,�
����� �5�2)�� B�� ,�
 @�
 �E�5  

��#	� V� 2$�+�	� ?
	 � 4 ��# 2" $ A��� ��+	 C ��� �  �F� H$��(RMSE)C ��� � � H$�� �F�(MSE) � C ��� � 

s>F� 	��  U��E��(MAD)� C ��� � 	�� s>F� �@	� �F�(MAPE)  	
Pa� 
 d+�] 2��*SG# )R22� (  ���$

 �2$���&)1395.( C ��� � �	��� �� �V5�F� C+� 	� H$�� �$ �F� ?
	 �*+�6� 	�\"� � 4 j>�=� ��#  ���`�&� 2" $

.��  

���� �
  

ZJ� 
 	������=>� ��#��� 	����� !�O � �$ M�$�� Y�B �� ���VQ �e��$ 0�
�+� ^F& �!��+� ��	
��
 �=$ �� ��L  


�
 U��� !�O �� A>� ��	
��
 	�$
	��� !����& 0+�& �� 2+� G � ��#�E��1 )FAOHG/ (  
 	��� .�� �	
�

 Y�BZJ�CH4 �$  2���� �	
� ���$ ��X�& Y	�@2019 -1990HG/ � � 4 
 �	
� 2" $  �	
� ���$ �#2024 -2020 

 Y�BZJ� 
 	��� .01�� Y	�@CO2  
N2O �$  2���� �	
� ���$ ��X�& Y	�@2018-1990HG/ �  
 �	
�

� 4 2" $  �	
� ���$ �#2022-2019 �	� 	��� .�� L�a��?�$ 0+�& �� ��	
��
 �=$ ��
O1� !�O � 	��� 
 2���/ K�

�������Q �� ��	
��
 �=$ 	� �W��� U���Y	��
 �W��� ��# 
 �	
���� �
� � �$ (�� �	
��$ 	�\"� � 4 ��#  
 2" $

�+OaQ���� A >EQ
 L�� �� �# 	�O1� ��#Microfit5 �Eviews12 �Matlab  
Excel  .�� ���`�&�  

  

T�5 � U2�F8  

 2+��*+� 2&	�$ �� A@�i e+����� ���`�&� �$ �#� T�� !���� 2�+�- �5�1 N GVQ) ��1�+ADF (
�/ 	� (1  ��� ��	
�

2� !��� e+��� .0&�  �
 �#�LCO2  
LN2O K+ �$ A]�`Q 	�$ 2� ��*+� ��� �  
 ����LCH4  ��*+� ^F& 	�

2� .���$  

                                                      
1- https://www.fao.org/faostat 
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 R�+&1 Q0�)6 U2�F8 :ADF  

��VF� W�8   ����6 �"��/��� ��+7�ADF �8���5�2��7�   NX/�E��,���  �2�FY2� ��"��  

LCH 4 8410/1 -  6081/1 -  10/0  I(0)  

LCO 2  04/3 - 98/2 -  05/0  I(1)  

LN 2O  71/5 - 97/2 -  05/0  I(1)  

  


 !��*4 ����"� 4 !���� e+��� !��*4 )1997) � &��	�Q� �/	� C  VQ ���$ (AR) _�E�� C ��� � 
 (MA !��� (

2�  _�E�� C ��� � 
 � &��	�Q� �/	� �
 �#� �#� T�� �G# ���$1 2�  (
�/) ���$2.(  

 R�+&2O��F� P�I8��� � 0�/�M�0"� �&�� P���" U2�F8 :  

��VF� W�8  q                                p 0  1  2  

CH4 0  1003/61  1180/52  6049/50  

1  8595/57  *9737/57  9302/57  

2  7811/52  7486/54  0299/54  
CO2 0  5864/25 3776/25  8401/25  

1  1072/25  *5057/26  8564/24  

2  3751/23 8436/23  9443/24  
N2O 0  3005/25  4887/25  5310/24  

1  09101/31  *8700/31  5954/31  

2  1125/28  3502/29  4601/29  

  

�$ e+��� c�&� �$ 0&� ��#��� ���$ d=�"� (�� �����CH4 �CO2  
N2O �$  d Q�QARIMA(1,0,1) �

ARIMA(1,1,1)   
ARIMA(1,1,1) 2� .���$  

 (
�/3 � 4 �+��6�2" $ ��� 	����� ���CH4 ?
	 c�&� �$ �	2� !��� j>�=� ��#  (
�/ e+��� .�#�4  !���

2�  05�# ?
	 �
 �#�- d&�"� 2VGaQ ���"+
 � 4 ���$ ?
	 C+�Q ��� 2" $CH4 2�  	��6� C+��G
 ��+� I���$

MSE .0&� ?
	 C+� �$ M�$��  

  

 R�+&3: @�
 U2�F8B�� )� ���LF/� �5 Q�F� )�M ��	F8� �E�5Z�F�� ,�
  

     R�/B��  ANN  HWA  HWM  DEST  SEST  ARIMA VAR  

2020  177318/4  15764/4  15521/4  140363/4  152003/4  1588/4  1862/4  

2021  170628/4  153404/4  148568/4  130332/4  144956/4  1571/4  1818/4  

2022  163832/4  149168/4  141926/4  1203/4  137908/4  1553/4  1723/4  

2023  166928/4  144932/4  135284/4  110268/4  130861/4  1536/4  1598/4 

2024  159913/4  140697/4  128643/4  100236/4  123814/4  152/4  1421/4  
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R�+&4 :�Y2�7� ?[� B�� ,�
 Z�F�� @�
 ,��5Q�F� )�M ��	F8� �E�5  

B��  MSE 

ARIMA  00063/0  

SEST  000898285/0 
DEST  004211368/0  
HWM  00057289/0  
HWA  000166732/0  
ANN 000834/0  
VAR 078966/0  

 

 	���G�1 � 4 �+��6� ��
	2" $ ��� 	����� ���CH4  05�# ?
	 c�&� �$ �	 - 2� !��� 2VGaQ ���"+
  .�#�

!�G# 2� �\iZ� �
 	�J  ��� 	����� !�O � 2"V+ I0&� 25
O� 	���G� C+� ����CH4 (�& 2J  ��#24 -2020  �#�


2� .�$�+  

  

  
 ���0�81@�
 �2��7� :?9�
 B�� )� ���LF/� �5 Q�F� )�M ��	F8� �+� �E�5-����" )�FE2�  

� 4 �� A@�i e+���  ��� 	����� 2" $CO2 ?
	 c�&� �$ (
�/ 	� j>�=� ��#5  (
�/ .0&� ��� ��	
�6 0�� 

?
	 ��# j>�=� � 4 ���$ �	2� !��� ��� C+� 2" $ �$ e+��� c�&� �$ .�#� 0&� 2B�"�� 2S�B ��S� ?
	 �����

 	��6� C+��G
MSE � 4 ���$ ?
	 C+���$ 
 �	�� �	  ��� 2" $CO2 2� .���$  

  

 R�+&5@�
 U2�F8 :,� )�M ��	F8� �E�5B�� )� ���LF/� �5 P5�D+�YD�Z�F�� ,�
  

  B��     R�/  ANN  HWA  HWM  DEST  SEST  ARIMA VAR 

2019  000314/0  01436198/0  01523536/0 -  01965702/0  01466198/0  072397/0  3859/16  

2020  003412/0  01611288/0  02249074/0  02400622/0  01691288/0  03951/0 -  3937/16  

2021  0008921/0 -  01926378/0  03370451/0  02835542/0  01916378/0  057601/0  4022/16  

2022  0008921/0  02341468/0  04491829/0  03270463/0  02141468/0  02761/0 -  4112/16  
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 R�+&6 :�Y2�7� ?[� B�� ,�
 Z�F�� @�
 ,��5,� )�M ��	F8� �E�5 P5�D+�YD�  

B��  MSE 

ARIMA 404733/0  
SEST  0116/0 
DEST  00261/0  

HWM  133/0  
HWA  0121/0  
ANN 001072/0  
VAR 1444871/0  

  

� 4 �+��6� ��
	2" $ ��� 	����� ���CO2 (�& 2J  ��#2022 -2019  	� 2B�"�� 2S�B ��S� ?
	 c�&� �$

 	���G�2 2>B 	���G� C+� c�&� �$ .0&� ��� ���� !��� �$ ���+� Y���&�� Nr	  ��� 	����� !�O � 2>
 	�JCO2  2J

(�& .0&� 2�+�O1� �����+ ��#  

  
 ���0�82@�
 �2��7� :�E�5 )� ���LF/� �5 P5�D+�YD� ,� )�M ��	F8� �+���0ES� ��S� �;�� B��  

� 4 e+��� ��� 	����� ��
	 2" $N2O ?
	 c�&� �$ (
�/ 	� j>�=� ��#7  .0&� ��� ��	
��*+�6� 0�� 

?
	 ��# j>�=�  �	��� c�&� �$MSE 2� !��� 	��G# �
 �#�A$�� ?
	 ���
	 �$ ��`"� 2+�G� ���& ���$ ��Q��Q�

� 4 ��� 2" $N2O 2�  (
�/) ���$8.(  

  

 R�+&7@�
 U2�F8 :B�� )� ���LF/� �5 QC��F�8+�YD� )�M ��	F8� �E�5Z�F�� ,�
  

  B��     R�/  ANN HWA  HWM DEST  SEST  ARIMA VAR 

2019  00081/0 -  08432536/0  02826426/0  04630966/0  05381401/0  010361/0 -  8393/3  

2020  00123/0  1093328/0  02736754/0  05316062/0  05334635/0  0040424/0 -  8634/3  

2021  00503/0  134403/0  02647082/0  06001158/0  05287869/0  002681/0 -  883/3  

2022  002167/0  15934473/0  0255741/0  06686255/0  05241103/0  0023876/0 -  8961/3  
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R�/
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 R�+&8 :�Y2�7� ?[� B�� ,�
 Z�F�� @�
 ,��5QC��F�8+�YD� )�M ��	F8� �E�5  

B��  MSE 

ARIMA 042545/0  
SEST  002719843/0 
DEST  009712762/0  
HWM  018313275/0  
HWA  012563635/0  
ANN 006726/0  
VAR 134053/0  

  

 �	�G� 	���G�3 2� !��� 	��G# ?
	 c�&� �$ �
 �#� ��� 	����� !�O � ���
	 �$ ��`"� 2+�G� ���&N2O  2J

(�&  ��#2019-2022  .0&� 2�#�
  

  
 ���0�83 �2��7� :@�
�E�5��0�
 B�� )� ���LF/� �5 QC��F�8+�YD� )�M ��	F8� �+�+8�� �5 ��LE� �2��8 ,)�/  

 

���F8,��M 

�$ 
 �	�� N >�� �  TQ 	� 2G�� �6� ��	
��
 �=$ 2� � noQ !� �� Y��  .��+P4��GB A 5� C+�Q  	����� �N >�� �  TQ

���=>� ��#���  .0&� ��4 � $ "2 �#��� 	������ ���=>� �� G�� �6�2 & �V&�Q 	� 0&� �#  
s1��Q �`i  ����

$ C >>G5�2 ��$�  �$ ��	�S�TQ  Y�� >�� G2 ��$� � �#	��
+�` �2 �"
 + 
�2 g�]�� ����# >@�2 ���$  �#�
 U�#

!� �# 2� ���$��$�"$ .+�C 4 � $ "2 �#��� 	������ ���=>� �� +K 	
�] g�]��� 0&� N�� 
 �V5�F� C+� 	� �C+��$�"$ .

 �*+�6� �$?
	  ��#� 4  ��
	 
 2" $ 	�����N��  C+�Q�#���� ���=>� � .0&� ��� ������4 !��+� ��	
��
 �=$ �� �

 05�# ?
	 �
 ��� !��� e+��� - ?
	 �+�& �$ �*+�6� 	� 2VGaQ ���"+
  ���$ ����$ ���>GB 
 ��G
 ��F� ��	�� �#

� 4 2� !��� ��� 2" $ $?
	 .���  05�# ��#-  ��`"� 2+�G� ���&	��G# �2B�"�� 2S�B ��S� ��G+	� �2$�] ���"+


�SQ	 	� �	���$ !� &��	��� 
 ��
	 �$ ����
� 2+�G� ���&	��G# ���
	 �$ � 4 ���$ ��V$ ��#  	��� !��� ��� 2" $

?
	 .��	�� &	��G# ���
	 �$ ����
� 2+�G� ���&	��G# �2B�"�� 2S�B ��S� ��# 05�# ���
	 �$ ��`"� 2+�G� ���- 

 05�# �2VGaQ ���"+
- �$ �G+	� 
 �	���$ !� &��	��� �2$�] ���"+
  ���>GB C+���$ 
 �F� C+��G
 ��	�� d�+�Q

� 4 ���$ �� ��� 2" $ � 4 ���$ ?
	 C+���$ 2B�"�� 2S�B ��S� ?
	 �C+��$�"$ .����$ C$�
� *
�   ��� 2" $
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�� 2� C$�
� *
� 	 .���$� 4 C+���$ ��
	 �$ ��`"� 2+�G� ���&	��G# ?
  .��� �D�	� !W
�� �� *
� ��� ���$ �	 2" $

?
	  05�# ���
	 �$ ����
� 2+�G� ���&	��G# �2B�"�� 2S�B ��S� ��# -  05�# �2VGaQ ���"+
 -  �2$�] ���"+


�SQ	 	� �	���$ !� &��	��� 
 �G+	� �$ ��V$ ��# � 4 	�\"� ��� ��� C+� 2" $ ��
	 �
 ��� !��� e+��� .�"�1�� 	

�� ��� 	����� !�O � 
 25
O� �!��+� ��	
��
 �=$ �� !W
�� �� *
� 
 !��� ��#��� 	�����  �=$ C+� �� C$�
� *
�

2� |4 .��$ �#��� ���V@  �"��G# 2Q������ �$ !��Q�� � ��S�$ �	
�"1 
 �# �#  	� 
 ?	
�4L�� �+PTQ� � 
 2��#

� p
�"�� �	� $�e��$ ��#	�O 5�� 	���$ �+�O1� �  ��+�6$ d&�"� 0+�+�� 
 2+� G � ��#��
 �� ���`�&� 2+�	�
 
 �	


0&� & 
 �#	��#�	 2�*+�$ ��� .��
 KG
 !W
�� �� *
� 
 !��� ��� 
� ��� $ �b�# �#�
 �$ 2#� �  d&�"� ��#

�� ��� 	����� �#�
 0�/ 	� ��+�/  .��� 01�+	� C$�
 � *
� E@ 0+�+��_�� ^��	
��
 ��# �+�O1� �

���$ �W��� �� ���`�&� 
 �W��� �	
 2� �+P4�+�aQ ��# �$ .���$ �=$�n� C+� 	����� �#�
 �" �� 	� ����Q  2>
 	�J

�� � �� ���`�&� ?
	 
 �#  �a ��	� 
 C+�� ��#2��� 
 2B�	� YX��E� � 5�Q !�����	 �+�O1�  �� ���`�&� C "vG# 


�� � �$ 	����& ��# 2� 0*+� k E� ���=>� ��#��� 	����� �#�
 	� ����Q  c�&��$ .���$ �n�� ��	
��
 �=$ �� ��

��1�+ ?
	 ��#
34 ��# 05�# ��# -  ��
	 �$ ��`"� 2+�G� ���&	��G# 
 2B�"�� 2S�B ��S� �2VGaQ ���"+


�$ �$ d Q�Q � 4 	�\"� �� �!��� ��� 2" $ � *
� 
 C$�
� *
� 2� ���"� 4 !W
�� �  .����  

  

 a5�E�  

2G
	� ��Gi�� 2>B) .1401(���=>� ��#��� 	����� �	
��$ .  s1� 	� �6F"� �$ 	����& 	����� �#�
 ��#�+	�"& 2&	�$ 
 ��2030  ��Z �

0*+� k E� 
 0�Z& .(!��+� �!Z � !��&� :��	�� �V5�F�)� 15 )1( �121-136.  

2����� � I�]	�Gib 	P.�GE� �� )1385.( VQ  C 
+�32�#� B�G�/�2� ������� B�	� 
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