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Overview
Climate change mitigation has drawn worldwide attention since the 1990s. India, which contributes to more than 4% of total global emissions, has ratified the Agreement and is obligated to achieve its mitigation target specified in INDC. Among others, one of India’s major commitments is to reduce its emissions intensity per unit GDP by 33-35% below 2005 level by 2030. In the last 10 years, India has introduced a few policies to encourage efficient use/consumption of fossil fuels and promote renewable energy. However, this big developing economy is still quite demand driven, and mitigation efforts towards low-carbon economic growth by inducing final demand (including private households, government, investment use and exports) with low embodied emissions is fairly limited. This paper intends to analyze the influences of final demand on India’s carbon emissions using Structural Path Analysis (SPA). The quantitative analysis will provide important implications to India’s policy makers on future economic pathway under the overarching goal of sustainable development. 
Methods

SPA based on a Social Accounting Matrix (SAM) framework was developed by Defourny and Thorbecke (1984) to analyze the transmission mechanisms of external shocks within the economy. This method allows decomposing the total impacts into impacts from multiple layers of production. Additionally, as the SAM is a data system that implicitly connects production activities and final demands through factor incomes and taxes, SPA of this strand can also identify and specify the propagation paths of external effects following the interaction networks among production sectors and final demand. In this study, a SAM which consists of 78 sectors, 5 types of factor inputs and 9 representative households is constructed based on India’s latest 2007-08 input-output table. The emissions data are compiled from both India’s official releases and international sources such as IEA.   
Results

	Table 1. Dissemination of carbon emissions across sectors and households (% of Total)

	
	1st layer
	2nd layer
	3rd layer
	4th layer
	5th layer
	Others
	Total

	Agriculture
	0.2%
	0.7%
	0.3%
	1.0%
	0.9%
	3.5%
	6.8%

	Coal & Lignite
	0.0%
	0.1%
	0.2%
	0.1%
	0.1%
	0.1%
	0.6%

	Natural Gas
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.1%

	Crude Oil
	0.0%
	0.1%
	0.0%
	0.0%
	0.0%
	0.1%
	0.2%

	Other Mining
	0.1%
	0.1%
	0.0%
	0.0%
	0.0%
	0.0%
	0.3%

	Foods & Textles
	1.4%
	1.1%
	0.4%
	1.2%
	0.9%
	3.3%
	8.3%

	Material Processing
	0.6%
	0.6%
	0.4%
	0.3%
	0.3%
	1.1%
	3.3%

	Petroleum 
	0.3%
	0.2%
	0.2%
	0.2%
	0.1%
	0.5%
	1.4%

	Coal Products
	0.0%
	0.1%
	0.0%
	0.0%
	0.0%
	0.0%
	0.1%

	Chemicals
	1.4%
	1.2%
	0.8%
	0.6%
	0.6%
	2.5%
	7.1%

	Cement
	0.6%
	7.1%
	1.3%
	0.3%
	0.1%
	0.5%
	9.9%

	Other Minerals
	0.3%
	1.2%
	0.3%
	0.1%
	0.1%
	0.2%
	2.2%

	Metals
	4.7%
	6.3%
	3.0%
	1.2%
	0.6%
	1.7%
	17.6%

	Other Manufacturing
	3.0%
	0.9%
	0.4%
	0.3%
	0.2%
	0.7%
	5.5%

	Construction
	3.1%
	0.4%
	0.1%
	0.0%
	0.0%
	0.1%
	3.9%

	Transport
	2.2%
	2.8%
	1.3%
	1.9%
	1.3%
	4.4%
	13.8%

	Trade
	0.3%
	0.4%
	0.2%
	0.2%
	0.2%
	0.7%
	2.0%

	Hotel & Restaurants
	0.0%
	0.1%
	0.1%
	0.2%
	0.1%
	0.4%
	1.0%

	Banking and Insurance
	0.1%
	0.3%
	0.2%
	0.2%
	0.1%
	0.5%
	1.4%

	Other Services
	1.7%
	0.4%
	0.2%
	0.3%
	0.2%
	0.6%
	3.4%

	Rural Households #1
	0.1%
	0.0%
	0.2%
	0.1%
	0.1%
	0.4%
	0.9%

	Rural Households # 2
	0.1%
	0.0%
	0.2%
	0.1%
	0.0%
	0.3%
	0.7%

	Rural Households #3
	0.0%
	0.0%
	0.2%
	0.1%
	0.0%
	0.3%
	0.6%

	Rural Households #4
	0.3%
	0.0%
	0.4%
	0.2%
	0.1%
	0.8%
	1.7%

	Rural Households #5
	0.1%
	0.0%
	0.2%
	0.1%
	0.0%
	0.3%
	0.8%

	Urban Households #1
	0.4%
	0.0%
	0.7%
	0.4%
	0.2%
	1.2%
	2.8%

	Urban Households #2
	0.3%
	0.0%
	0.8%
	0.3%
	0.1%
	1.1%
	2.8%

	Urban Households #3
	0.0%
	0.0%
	0.1%
	0.1%
	0.0%
	0.2%
	0.4%

	Urban Households #4
	0.1%
	0.0%
	0.1%
	0.1%
	0.0%
	0.2%
	0.5%

	Total
	21.5%
	24.1%
	12.3%
	9.7%
	6.6%
	25.8%
	100%


Table 1 displays the dissemination of carbon emissions across sectors and households. To save space, the results are reported for 20 aggregated sectors and 9 household groups. The row totals refer to the total emissions of each sector arising from its production to meet direct, indirect and induced demand, and the column totals are the economy wide emissions stemming from direct final demand in the 1st path and indirect and induced demand in the subsequent paths.
	Table 2. Diffusion effects of 1 Million INR increase in final demand/income on carbon emissions (tonne)

	
	1st layer
	2nd layer
	3rd layer
	4th layer
	5th layer
	Other layers
	Total

	Cement
	243.8
	11.4
	3.7
	3.2
	2.5
	9.4
	        274.1 

	Storage & Warehousing
	70.7
	3.4
	4.5
	4.5
	2.8
	12.0
	          97.9 

	Paper, Paper Products & Newsprint
	55.7
	14.3
	5.2
	3.3
	2.6
	9.3
	          90.5 

	Railways
	49.7
	2.5
	5.2
	4.9
	2.9
	11.9
	          77.2 

	Tea & Coffee Processing
	45.2
	7.5
	2.8
	3.5
	3.7
	13.0
	          75.7 

	Metals
	41.4
	12.4
	4.2
	2.5
	1.9
	6.8
	69.2

	Non Metallic Mineral Products
	32.9
	13.3
	5.0
	3.3
	2.4
	9.0
	65.7

	Textile
	30.3
	10.9
	5.0
	3.9
	3.3
	12.2
	65.6

	Fertilizers
	34.3
	11.9
	4.6
	2.6
	1.9
	6.6
	61.9

	Paddy
	18.0
	8.7
	5.7
	5.2
	3.7
	14.7
	56.1

	Rural Households #1
	3.8
	6.7
	3.3
	2.7
	2.8
	9.7
	          29.0 

	Rural Households #2
	3.3
	8.3
	3.7
	3.0
	3.1
	11.0
	          32.6 

	Rural Households #3
	3.9
	8.7
	3.9
	3.2
	3.3
	11.6
	          34.6 

	Rural Households #4
	3.2
	6.4
	3.0
	2.4
	2.4
	8.6
	          25.9 

	Rural Households #5
	2.3
	4.5
	2.3
	2.0
	2.1
	7.4
	          20.6 

	Urban Households #1
	5.1
	4.8
	2.4
	2.4
	2.6
	8.8
	          26.1 

	Urban Households #2
	4.0
	4.9
	2.3
	2.3
	2.4
	8.2
	          24.1 

	Urban Households #3
	5.3
	6.5
	3.0
	2.8
	3.0
	10.3
	            31.0 

	Urban Households #4
	3.0
	4.8
	2.6
	2.7
	2.9
	9.9
	            25.8 


Table 2 shows the diffusion effects of 1 Million INR increased in final demand or household income on carbon emissions. Economy-wide carbon emissions rise most if the change in final demand happens in the Cement sector (274.1 tonne), which is around three times of neighbouring two followers- the Storage & Warehousing sector (97.9 tonne) and the Paper & Pulp sector (90.5 tonne). Changing final demand for products from the Railways sector, the Tea & Coffee processing sector, the Metals sector, the Non-Metallic Mineral Products sector, the Textile sector, the Fertilizers sector, and the Paddy sector, etc., would also significantly affects India’s carbon emissions. The other sectors are not displayed here due to space limit.
For each million INR of increase in income, economy-wide carbon emissions generally rise more if the change in income is for rural households. Within rural households, the impact on India’s carbon emissions displays a hump shape from the lowest income group to the highest income group. Within urban households, a similar pattern can be observed, with the upper-middle income group having the highest impact on total carbon emissions.
Conclusions

The preliminary results show that, for exogenous change of the same magnitude in final demand, the resulting impacts on India’s carbon emissions would be quite diverse when the change is for different commodities. Obviously, direct emissions from fossil inputs and indirect emissions embodied in other inputs such as electricity and non-energy intermediate inputs vary a lot in producing different commodities. Similarly, with different consumption preferences, the same exogenous income shock to different household groups would not lead to the same change in total carbon emissions. These results can provide insights into long-term economic planning, such as encouraging investments in sectors that would emit less for each unit of GDP created, and low-carbon lifestyle promotion programmes targeting emission-intensive household groups. In the next step, more detailed analysis will be conducted to identify how final demand shocks to commodities and income shocks to households  transmit along the supply chains. The results would be very helpful for policy makers to have a thorough understanding of the economy.
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