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Abstract

Purpose: In this study, the technical efficiency and environmental efficiency of irrigated wheat producers in 31 provinces of the
country were investigated by considering the emission of CO2 as an undesirable output during the years 2006-2018.

Methodology: Data envelopment analysis and the Malmquist productivity index were used under natural disposability and managerial
disposability. In the Malmquist index, the amount of wheat production was used as the desired output, and the amount of carbon
dioxide emission from the production of irrigated wheat was used as the undesirable output. To determine the amount of CO2
emission, the carbon dioxide emission coefficients related to each production input and the amount of their use in the study area were
used.

Findings: The results of the Malmquist productivity index with the absence of border crossing showed that under the natural
disposability, Khorasan-Razavi has the highest index value. Kermanshah province has strong efficiency, and Fars has weak technical
efficiency in irrigated wheat cultivation. Also, the results under managerial disposability showed that East Azerbaijan has the highest
efficiency. Ardabil, Bushehr, Fars, Kermanshah, and Hormozgan, with ten years of Malmquist productivity index more than one, East
Azerbaijan, West Azerbaijan, Chaharmahal and Bakhtiari, North Khorasan, Kurdistan, and Lorestan had a six-year history of
Malmquist productivity index less than one. The results of Malmquist's productivity index with the occurrence of border crossing
show that under natural disposability, this index is more than one in all provinces. It is, although, under managerial disposability, less
than one in all provinces.

Originality/Value: It is suggested to calculate the technical and environmental efficiency for other crops and to estimate the amount
of CO2, N20 and CH4 greenhouse gas emissions as unwanted outputs. The Malmquist productivity index model can be done based
on agro-ecological zoning for each province or country. Considering the global warming and climate change phenomenon, the
provinces that have more environmental efficiency in blue wheat production should be prioritised for cultivation.
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Table 1- Ranking of the country's provinces based on the amount of CO2 emissions caused by
water wheat cultivation.
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Figure 4- Boundary intersection between two periods t and t-1 under management access.
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Table 4- Malmquist index under natural access: no border crossing.
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Table 4- Continued.
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Figure 5- Technical efficiency of Tehran province.
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Figure 6- Technical efficiency of Alborz province.
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Figure 7- Technical efficiency of Kermanshah province.
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Figure 8- Technical efficiency of Sistan and Baluchistan province.
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Figure 9- Technical efficiency of South Khorasan province.
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Figure 10- Technical efficiency of Bushehr province.
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Table 5- Malmaquist index under managerial access: no border crossing.

1396 1395 1394 1393 1392 1391 1390 1389 1388 1387 1386 1385 obwl
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1203 0.914 1.087 1 0835 1174 0863 1113 0962 0932 0.959 1631 o Olul,dT
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1286 0.811 1077 1398 1021 1.037 0.916 1 1 0.892 0.88 1.473 2958
1222 0.974 1 1021 1 1094 059 1844 0.731 0881 1009 1583 ]
1219 0.986 0.983 1 1176 0962 0.866 1.147 1 0951 0915 1.39% Olws S
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1226 0.977 1 1 1 1 1 1 1 1 0.87 1.214 olisks )5
1148 0911 1185 1254 1254 0889 0774 112 114 0921 11344 sl g g askSeS
1125 1.084 1034 0.797 1055 1144 0758 1.076 1295 0.977 092 1.105 oleds
1259 1.898 1.086 1 1012 0943 0.783 1445 0957 0.856 0.982 1419 olew
1141 1035 1039 1273 00937 0915 1074 0.903 0.961 1.04 1 0.704 olyisle
1.381 0.961 1.09 1 1018 1.073 0636 1191 1.157 0.74 1.037 1471 S5y
1.206 1 1 1 1 0975 1021 1008 0935 1 1.007 1 Sern
1277 0.859 1159 0.936 1077 1046 0.867 1022 1.046 0.884 0.839 1972 Olies
1.142 1 101 1.081 1 1245 0949 1.028 098 0.963 1.139 0.849 S5
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Table 6- Malmquist index under natural access: occurrence of border crossing.

1396 1395 1394 1393 1392 1391 1390 1389 1388 1387 1386 1385 obwl
1825 2018 2021 1933 1948 2134 2 1885 2074 2205 1869 2435 S ol 3T
1834 2028 2.058 2 2034 1882 1964 1974 2017 2074 1959 2361 o oll,dT
1.848 1.984 1992 2024 2002 2248 1943 1.9 2 2 2 2.07 s )|
1.818 1.956 204 1973 1954 1966 1992 1134 2563 1926 2483 1.857 Ol
2.007 2.046 2 2 2088 2115 2.006 5!
1.848 2 2 2 2 2095 1991 1.953 206 2193 174 1.693 o
1.951 2 2.007 2 2029 2 1884 1972 209 1952 1854 1839 g
1.935 2 2 2 7989 2045 2064 2.034 2 2064 1913 2403 Olyes

187 2001 2.024 193 2038 2102 1753 1737 1864 1957 1991 10951 ole,S Cgi
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Table 6- Continuation.

1396 1395 1394 1393 1392 1391 1390 1389 1388 1387 1386 1385 ol
1775 1789 2076 2.003 2085 2264 2008 2155 2129 1878 2185 3.412 ez Ol
1985 2172 2067 2001 2055 2382 1977 2187 2366 4.928 1871 2013 G300, Olwl >
1.896 1979 2006 1935 1977 2019 1896 185 2182 2159 162 4.144 Sled Ll >
1.857 2 2 2 2 2047 2025 2064 1995 3133 2313 1.896 Oliw;e>
1.837 1992 2017 1981 2 2 2 2 2201 2123 1844 2218 oo
1845 1986 1993 2041 1929 1966 2.03 2102 1981 2235 2055 1981 Oliows
1.965 2026 2.031 2 2081 207 1928 2 2 2435 2002 2 sl g e
1833 2019 1964 2162 1622 2265 1955 1916 2252 1564 2286 181 o,
1964 2124 2004 202 197 1929 1933 2018 204 2125 1.883 2469 295
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1829 2015 205 1951 2031 1962 1.954 1.947 2 2052 1917 2198 Olews S
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1875 1913 2007 2014 201 2207 1966 195 2027 2088 2 2369 sexl g g aslSeS
1744 1877 2009 2025 2071 2156 1886 175 1997 2023 1.922 1.908 olls
1929 1961 2001 1967 1971 2008 2049 2039 2006 2175 1982 2252 ol
1881 2036 196 1992 2068 2095 2075 211 1962 1.962 2 2206 olysle
1.871 2034 2.086 2 2019 2074 2025 1847 2163 2377 2038 2515 CS
1.837 2 2 2 2 1976 1979 2008 2071 2 2007 2 OB 5e,m
1841 1961 1973 2044 1929 2046 2103 1979 2046 2135 1.846 2439 Olier

1.88 2 201 2083 2 2259 2055 2028 2021 2039 2144 2185 S5
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Table 7- Malmquist index under management access: occurrence of border crossing.

1396 1395 1394 1393 1392 1391 1390 1389 1388 1387 1386 1385 obwl
1825 2018 2021 1933 1948 2134 2 1885 2074 2205 1869 2435 B oyl )3T
1.834 2.028 2.058 2 2034 1882 1964 1974 2017 2074 1959 2361 ot Ol
1848 1.984 1992 2024 2002 2248 1943 1.9 2 2 2 207 Ry
1818 195 204 1973 1954 1966 1992 1134 2563 1926 2483 1.857 Oledol
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Table 7- Continuation.
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Figure A.1- Determining types of efficiency in 2017-2018.

Figure A. 2- Visual Basic code.



