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Pymrio

Pymrio: Multi-Regional Input-Output Analysis in Python.
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What is it

Pymrio is an open source tool for analysing global environmentally extended multi-regional input-output tables (EE MRIOs).
Pymrio aims to provide a high-level abstraction layer for global EE MRIO databases in order to simplify common EE MRIO data tasks.
Pymrio includes automatic download functions and parsers for available EE MRIO databases like EXIOBASE [http://www.exiobase.eu/], WIOD [http://www.wiod.org/home] and EORA26 [http://www.worldmrio.com/simplified/].
It automatically checks parsed EE MRIOs for missing data necessary for calculating standard EE MRIO accounts (such as footprint, territorial, impacts embodied in trade) and calculates all missing tables.
Various data report and visualization methods help to explore the dataset by comparing the different accounts across countries.

Further functions include:


	analysis methods to identify where certain impacts occur


	modifying region/sector classification


	restructuring extensions


	export to various formats


	visualization routines and


	automated report generation






Where to get it

The full source code is available on Github at: https://github.com/IndEcol/pymrio

Pymrio is registered at PyPI and on the Anaconda Cloud. Install it by:

pip install pymrio --upgrade





or when using conda install it by

conda install -c conda-forge pymrio





or update to the latest version by

conda update -c conda-forge pymrio





The source-code of Pymrio available at the GitHub repo: https://github.com/IndEcol/pymrio

The master branch in that repo is supposed to be ready for use and might be
ahead of the official releases. To install directly from the master branch use:

pip install git+https://github.com/IndEcol/pymrio@master







Quickstart

A small test mrio is included in the package.

To use it call

import pymrio
test_mrio = pymrio.load_test()





The test mrio consists of six regions and eight sectors:

print(test_mrio.get_sectors())
print(test_mrio.get_regions())





The test mrio includes tables flow tables and some satellite accounts.
To show these:

test_mrio.Z
test_mrio.emissions.F





However, some tables necessary for calculating footprints (like test_mrio.A or test_mrio.emissions.S) are missing. pymrio automatically identifies which tables are missing and calculates them:

test_mrio.calc_all()





Now, all accounts are calculated, including footprints and emissions embodied in trade:

test_mrio.A
test_mrio.emissions.D_cba
test_mrio.emissions.D_exp





To visualize the accounts:

import matplotlib as plt
test_mrio.emissions.plot_account('emission_type1')
plt.show()





Everything can be saved with

test_mrio.save_all('some/folder')





See the documentation [http://pymrio.readthedocs.io/en/latest/] , tutorials [http://pymrio.readthedocs.io/en/latest/handling.html] and  Stadler 2021 [https://openresearchsoftware.metajnl.com/articles/10.5334/jors.251/] for further examples.



Tutorials

The documentation [http://pymrio.readthedocs.io/en/latest/] includes information about how to use pymrio for automatic downloading [http://pymrio.readthedocs.io/en/latest/notebooks/autodownload.html] and parsing [http://pymrio.readthedocs.io/en/latest/handling.html] of the EE MRIOs EXIOBASE [http://www.exiobase.eu/], WIOD [http://www.wiod.org/home], OECD [https://www.oecd.org/sti/ind/inter-country-input-output-tables.htm] and EORA26 [http://www.worldmrio.com/simplified/] as well as tutorials [http://pymrio.readthedocs.io/en/latest/handling.html] for the handling, aggregating and analysis of these databases.



Citation

If you use Pymrio in your research, citing the article describing the package
(Stadler 2021 [https://openresearchsoftware.metajnl.com/articles/10.5334/jors.251/]) is very much appreciated.

For the full bibtex key see CITATION file.



Contributing

Want to contribute? Great!
Please check CONTRIBUTING.rst [https://github.com/IndEcol/pymrio/blob/master/CONTRIBUTING.rst] if you want to help to improve Pymrio.



Communication, issues, bugs and enhancements

Please use the issue tracker for documenting bugs, proposing enhancements and all other communication related to pymrio.

You can follow me on twitter [https://twitter.com/kst_stadler] to get the latest news about all my open-source and research projects (and occasionally some random retweets).


Research notice

Please note that this repository is participating in a study into
sustainability of open source projects. Data will be gathered about this
repository for approximately the next 12 months, starting from June
2021.

Data collected will include number of contributors, number of PRs, time
taken to close/merge these PRs, and issues closed.

For more information, please visit the informational
page [https://sustainable-open-science-and-software.github.io/] or
download the participant information
sheet [https://sustainable-open-science-and-software.github.io/assets/PIS_sustainable_software.pdf].






          

      

      

    

  

    
      
          
            
  
Installation

Pymrio is registered at PyPI and on the Anaconda Cloud. Install it by:

pip install pymrio --upgrade





or when using conda install it by

conda install -c conda-forge pymrio





or update to the latest version by

conda update -c conda-forge pymrio





The source-code is available at the GitHub repo: https://github.com/IndEcol/pymrio

The master branch in that repo is supposed to be ready for use and might be
ahead of the official releases. To install directly from the master branch use:

pip install git+https://github.com/IndEcol/pymrio@master








          

      

      

    

  

    
      
          
            
  
Terminology

So far, there is no consistent terminology for MRIO systems and parameters in
the scientific community. For pymrio, the following variable names (=
attributes of the IOSystem and Extensions) are used (the alias columns are
other names and abbreviations often found in the literature):










	variable name

	formal name

	alias variable names

	alias formal names

	description





	Z

	transaction matrix

	T

	flow matrix

	transactions matrix, inter industry flows



	A

	A matrix

	
	
	inter-industry coefficients (direct requirements matrix)



	L

	Leontief inverse

	B

	
	leontief inverse (total requirements matrix) (multi regional approach)



	Y

	final demand matrix

	H, y

	
	final demand matrix (sectors x region/countries and final demand categories)



	x

	gross output

	q

	industry output

	total output, defined as column vector



	F

	factor production

	
	extensions, stressors

	Factors of productions: extensions plus value added block



	F_Y

	factor production final demand

	yF, Fhh

	
	Factor inputs/emissions of the final demand, eg the emissions from housholds



	S

	factor production coefficients

	D

	stressor coefficients

	


	S_Y

	factor production coefficients final demand

	DY, yD, Shh

	
	Factor inputs/emissions coefficients of the final demand, eg the emissions from housholds



	D_cba

	consumption-based accounts

	fp, con

	footprints, consumption footprints

	footprint of consumption, further specification with  reg (per region) or  cap (per capita) possible



	D_pba

	production-based accounts

	terr

	territorial accoutns

	territorial or domestic accounts, further specification with reg (per region) or  cap (per capita) possible



	D_imp

	import accounts

	imp

	
	import accounts, further specification with  reg (per region) or  cap (per capita) possible



	D_exp

	export accounts

	exp

	
	export accounts, further specification with  reg (per region) or  cap (per capita) possible



	M

	multipliers

	m

	
	total requirement factors



	pxp

	iosystem products x products

	mxm

	
	


	ixi

	iosystem industries x industries

	nxn

	
	








          

      

      

    

  

    
      
          
            
  
Mathematical background

This section gives a general overview about the mathematical background of Input-Output calculations.
For a full detail account of this matter please see
Miller and Blair 2009 [http://www.cambridge.org/no/academic/subjects/economics/econometrics-statistics-and-mathematical-economics/input-output-analysis-foundations-and-extensions-2nd-edition]

Generally, mathematical routines implemented in pymrio follow the equations described below.
If, however, a more efficient mechanism was available this was preferred.
This was generally the case when numpy broadcasting [https://docs.scipy.org/doc/numpy-1.13.0/user/basics.broadcasting.html]
was available for a specific operation, resulting in a substantial speed up of the calculations.
In these cases the original formula remains as comment in the source code.


Basic MRIO calculations

MRIO tables describe the global inter-industries flows within and across countries for \(k\) countries with a transaction matrix \(Z\):


\[\begin{split}\begin{equation}
Z =
\begin{pmatrix}
  Z_{1,1} & Z_{1,2} & \cdots & Z_{1,k} \\
  Z_{2,1} & Z_{2,2} & \cdots & Z_{2,k} \\
  \vdots  & \vdots  & \ddots & \vdots  \\
  Z_{k,1} & Z_{k,2} & \cdots & Z_{k,k}
\end{pmatrix}
\end{equation}\end{split}\]

Each submatrix on the main diagonal (\(Z_{i,i}\)) represents the domestic
interactions for each industry \(n\). The off diagonal matrices (\(Z_{i,j}\))
describe the trade from region \(i\) to region \(j\) (with \(i, j = 1, \ldots, k\))
for each industry. Accordingly, global final demand can be represented by


\[\begin{split}\begin{equation}
    Y =
    \begin{pmatrix}
      Y_{1,1} & Y_{1,2} & \cdots & Y_{1,k} \\
      Y_{2,1} & Y_{2,2} & \cdots & Y_{2,k} \\
      \vdots  & \vdots  & \ddots & \vdots  \\
      Y_{k,1} & Y_{k,2} & \cdots & Y_{k,k}
    \end{pmatrix}
\end{equation}\end{split}\]

with final demand satisfied by domestic production in the main diagonal
(\(Y_{i,i}\)) and direct import to final demand from country \(i\) to \(j\) by
\(Y_{i,j}\).

The global economy can thus be described by:


\[\begin{equation}
    x = Ze + Ye
\end{equation}\]

with \(e\) representing the summation vector (column vector with 1’s of
appropriate dimension) and \(x\) the total industry output.

The direct requirement matrix \(A\) is given by multiplication of \(Z\) with the
diagonalised and inverted industry output \(x\):


\[\begin{equation}
    A = Z\hat{x}^{-1}
\end{equation}\]

Based on the linear economy assumption of the IO model and
the classic Leontief [https://en.wikipedia.org/wiki/Wassily_Leontief] demand-style modeling
(see Leontief 1970 [https://www.jstor.org/stable/1926294?seq=1#page_scan_tab_contents]),
total industry output \(x\) can be calculated for any arbitrary vector of
final demand \(y\) by multiplying with the total requirement matrix (Leontief matrix) \(L\).


\[\begin{equation}
    x = (\mathrm{I}- A)^{-1}y = Ly
\end{equation}\]

with \(\mathrm{I}\) defined as the identity matrix with the size of \(A\).

The global multi regional IO system can be extended with various factors of
production \(f_{h,i}\). These can represent among others value added, employment
and social factors (\(h\), with \(h = 1, \ldots, r\)) per country. The row vectors
of factors can be summarised in a factor of production matrix \(F\):


\[\begin{split}\begin{equation}
    F =
    \begin{pmatrix}
      f_{1,1} & f_{1,2} & \cdots & f_{1,k} \\
      f_{2,1} & f_{2,2} & \cdots & f_{2,k} \\
      \vdots  & \vdots  & \ddots & \vdots  \\
      f_{r,1} & f_{r,2} & \cdots & f_{r,k}
    \end{pmatrix}
\end{equation}\end{split}\]

with the factor of production coefficients \(S\) given by


\[\begin{equation}
    S = F\hat{x}^{-1}
\end{equation}\]

Multipliers (total, direct and indirect, requirement factors for one unit of output) are then obtained by


\[\begin{equation}
    M = SL
\end{equation}\]

Total requirements (footprints in case of environmental requirements) for any
given final demand vector \(y\) are then given by


\[\begin{equation}
    D_{cba} = My
\end{equation}\]

Setting the domestically satisfied final demand \(Y_{i,i}\) to zero (\(Y_{t} = Y -
Y_{i,j}\; |\; i = j\)) allows to calculate the factor of production occurring
abroad (embodied in imports)


\[\begin{equation}
    D_{imp} = SLY_{t}
\end{equation}\]

The factors of production occurring domestically to satisfy final demand in
other countries is given by:


\[\begin{equation}
    D_{exp} = S\widehat{LY_{t}e}
\end{equation}\]

with the hat indicating diagonalization of the resulting column-vector of the term underneath.

If the factor of production represent required environmental impacts, these can
also occur during the final use phase. In that case \(F_Y\) describe the impacts
associated with final demand (e.g. household emissions).

These need to be added to the total production- and consumption-based accounts to obtain the total impacts per country.
Production-based accounts (direct territorial requirements) per region i are therefore given by summing over the stressors per sector (0 … m)
plus the stressors occurring due to the final consumption for all final demand categories (0 … w) of that region.


\[\begin{equation}
     D_{pba}^i = \sum_{s=0}^m F^i_s + \sum_{c=0}^w F^i_{Yc}
\end{equation}\]

Similarly, total requirements (footprints in case of environmental requirements) per region i are given by summing the detailed footprint accounts and adding the aggregated final demand stressors.


\[\begin{equation}
     D_{cba}^i = \sum_{s=0}^m D_{cba, s}^{i} + \sum_{c=0}^w F_{Yc}^i
\end{equation}\]

Internally, the summation are implemented with the group-by [https://pandas.pydata.org/pandas-docs/stable/reference/api/pandas.DataFrame.groupby.html] functionality provided by the pandas package.



Aggregation

For the aggregation of the MRIO system the matrix \(B_k\) defines
the aggregation matrix for regions and \(B_n\) the aggregation matrix
for sectors.


\[\begin{split}\begin{equation}
    B_k =
    \begin{pmatrix}
      b_{1,1} & b_{1,2} & \cdots & b_{1,k} \\
      b_{2,1} & b_{2,2} & \cdots & b_{2,k} \\
      \vdots  & \vdots  & \ddots & \vdots  \\
      b_{w,1} & b_{w,2} & \cdots & b_{w,k}
    \end{pmatrix}
    B_n =
    \begin{pmatrix}
      b_{1,1} & b_{1,2} & \cdots & b_{1,n} \\
      b_{2,1} & b_{2,2} & \cdots & b_{2,n} \\
      \vdots  & \vdots  & \ddots & \vdots  \\
      b_{x,1} & b_{x,2} & \cdots & b_{x,n}
    \end{pmatrix}
\end{equation}\end{split}\]

With \(w\) and \(x\) defining the aggregated number of countries and sectors,
respectively. Entries \(b\) are set to 1 if the sector/country of the column
belong to the aggregated sector/region in the corresponding row and zero
otherwise. The complete aggregation matrix \(B\) is given by
the Kronecker product [https://en.wikipedia.org/wiki/Kronecker_product]
\(\otimes\) of \(B_k\) and \(B_n\):


\[\begin{equation}
    B = B_k \otimes B_n
\end{equation}\]

This effectively arranges the sector aggregation matrix \(B_n\) as defined by the
region aggregation matrix \(B_k\). Thus, for each 0 entry in \(B_k\) a block
\(B_n * 0\) is inserted in \(B\) and each 1 corresponds to \(B_n * 1\) in \(B\).

The aggregated IO system can then be obtained by


\[\begin{equation}
    Z_{agg} = BZB^\mathrm{T}
\end{equation}\]

and


\[\begin{equation}
    Y_{agg} = BY(B_k \otimes \mathrm{I})^\mathrm{T}
\end{equation}\]

with \(\mathrm{I}\) defined as the identity matrix with the size equal to the number of final demand
categories per country.

Factors of production are aggregated by


\[\begin{equation}
    F_{agg} = FB^\mathrm{T}
\end{equation}\]

and final demand impacts by


\[\begin{equation}
    F_{Y, agg} = F_Y(B_k \otimes \mathrm{I})^\mathrm{T}
\end{equation}\]





          

      

      

    

  

    
      
          
            
  
Automatic downloading of MRIO databases

Pymrio includes functions to automatically download some of the publicly available global EE MRIO databases. This is currently implemented for EXIOBASE 3 [https://doi.org/10.5281/zenodo.3583070], OECD [https://www.oecd.org/sti/ind/inter-country-input-output-tables.htm] and WIOD [http://www.wiod.org].

The functions described here download the raw data files. Thus, they can also be used for post processing by other tools.


EXIOBASE 3 download

EXIOBASE 3 is licensed under the Creative Commons Attribution ShareAlike 4.0 International-license [https://creativecommons.org/licenses/by-sa/4.0/legalcode]. Thus you can use EXIOBASE 3 for analyses as well as remix, tweak, and build uponit, even commercially, as long as you give credit to the EXIOBASE compilers and share your results/new databases under the same licence. The suggested citation for EXIOBASE 3 is Stadler et al 2018 [https://doi.org/10.1111/jiec.12715]. You can find more
information, links to documentation as well as concordance matrices on the EXIOBASE 3 Zenodo repository [https://doi.org/10.5281/zenodo.3583070]. The download function of pymrio also downloads the files from this repository.

To download, start with:


[1]:





import pymrio







and define a folder for storing the data:


[2]:





exio3_folder = "/tmp/mrios/autodownload/EXIO3"







With that we can start the download with (this might take a moment):


[3]:





exio_downloadlog = pymrio.download_exiobase3(
    storage_folder=exio3_folder, system="pxp", years=[2011, 2012]
)







The command above will download the latest EXIOBASE 3 tables in the product by product classification (system=’pxp’) for the years 2011 and 2012. Both parameters (system and years) are optional and when omitted the function will download all available files.

The function returns a log of the download data (which is stored in download_log.json in the download folder). You can inspect the meta data by:


[4]:





print(exio_downloadlog)













Description: Download log of EXIOBASE3
MRIO Name: EXIO3
System: pxp
Version: 10.5281/zenodo.3583070
File: /tmp/mrios/autodownload/EXIO3/download_log.json
History:
20230323 09:32:39 - FILEIO -  Downloaded https://zenodo.org/record/5589597/files/IOT_2012_pxp.zip to IOT_2012_pxp.zip
20230323 09:26:03 - FILEIO -  Downloaded https://zenodo.org/record/5589597/files/IOT_2011_pxp.zip to IOT_2011_pxp.zip
20230323 09:19:45 - NOTE -  Download log created
20230323 09:19:45 - NOTE -  python_version: 3.9.16
20230323 09:19:45 - NOTE -  pymrio_version: 0.5.0dev
20230323 09:19:45 - NOTE -  os: Linux
20230323 09:19:45 - NOTE -  hostname: NTNU09417
20230323 09:19:45 - NOTE -  username: konstans






By default, the download_exiobase3 fetches the latest version of EXIOBASE3 available at the EXIOBASE 3 Zenodo repository [https://doi.org/10.5281/zenodo.3583070]. To download one of the previous versions specify the DOI with the doi parameter:


[5]:





prev_version_storage = "/tmp/mrios/autodownload/EXIO3_7"
exio_downlog_37 = pymrio.download_exiobase3(
    storage_folder=prev_version_storage,
    system="ixi",
    years=2004,
    doi="10.5281/zenodo.3583071",
)








[6]:





print(exio_downlog_37)













Description: Download log of EXIOBASE3
MRIO Name: EXIO3
System: ixi
Version: 10.5281/zenodo.3583071
File: /tmp/mrios/autodownload/EXIO3_7/download_log.json
History:
20230323 09:44:54 - FILEIO -  Downloaded https://zenodo.org/record/3583071/files/IOT_2004_ixi.zip to IOT_2004_ixi.zip
20230323 09:43:49 - NOTE -  Download log created
20230323 09:43:49 - NOTE -  python_version: 3.9.16
20230323 09:43:49 - NOTE -  pymrio_version: 0.5.0dev
20230323 09:43:49 - NOTE -  os: Linux
20230323 09:43:49 - NOTE -  hostname: NTNU09417
20230323 09:43:49 - NOTE -  username: konstans






We also recommend to specifiy a specific DOI version even when using the latest version of EXIOBASE. In that way the used version is documented in the code and can be reproduced in case a newer EXIOBASE version becomes available.



WIOD download

DUE TO A RESTRUCTERING OF THE WIOD WEBPAGE THIS IS CURRENTLY BROKEN.

WIOD is licensed under the Creative Commons Attribution 4.0 International-license [http://creativecommons.org/licenses/by/4.0/]. Thus you can remix, tweak, and build upon WIOD, even commercially, as long as you give credit to WIOD. The WIOD web-page suggest to cite Timmer et al. 2015 [http://doi.wiley.com/10.1111/roie.12178] when you use the database. You can find more information on the WIOD webpage [http://www.wiod.org].

The download function for WIOD currently processes the 2013 release version of WIOD [http://www.wiod.org/database/wiots13].

To download, start with:


[7]:





import pymrio







Define a folder for storing the data


[8]:





wiod_folder = "/tmp/mrios/autodownload/WIOD2013"







And start the download with (this will take a couple of minutes):


[9]:





wiod_meta = pymrio.download_wiod2013(storage_folder=wiod_folder)







The function returns the meta data for the release (which is stored in metadata.json in the download folder). You can inspect the meta data by:


[10]:





print(wiod_meta)













Description: WIOD metadata file for pymrio
MRIO Name: WIOD
System: IxI
Version: data13
File: /tmp/mrios/autodownload/WIOD2013/metadata.json
History:
20210223 15:46:26 - FILEIO -  Downloaded http://www.wiod.org/protected3/data13/water/wat_may12.zip to wat_may12.zip
20210223 15:46:25 - FILEIO -  Downloaded http://www.wiod.org/protected3/data13/materials/mat_may12.zip to mat_may12.zip
20210223 15:46:25 - FILEIO -  Downloaded http://www.wiod.org/protected3/data13/land/lan_may12.zip to lan_may12.zip
20210223 15:46:24 - FILEIO -  Downloaded http://www.wiod.org/protected3/data13/AIR/AIR_may12.zip to AIR_may12.zip
20210223 15:46:24 - FILEIO -  Downloaded http://www.wiod.org/protected3/data13/CO2/CO2_may12.zip to CO2_may12.zip
20210223 15:46:23 - FILEIO -  Downloaded http://www.wiod.org/protected3/data13/EM/EM_may12.zip to EM_may12.zip
20210223 15:46:22 - FILEIO -  Downloaded http://www.wiod.org/protected3/data13/EU/EU_may12.zip to EU_may12.zip
20210223 15:46:21 - FILEIO -  Downloaded http://www.wiod.org/protected3/data13/SEA/WIOD_SEA_July14.xlsx to WIOD_SEA_July14.xlsx
20210223 15:46:20 - FILEIO -  Downloaded http://www.wiod.org/protected3/data13/update_sep12/wiot/wiot09_row_sep12.xlsx to wiot09_row_sep12.xlsx
20210223 15:46:15 - FILEIO -  Downloaded http://www.wiod.org/protected3/data13/wiot_analytic/wiot04_row_apr12.xlsx to wiot04_row_apr12.xlsx
 ... (more lines in history)






The WIOD database provide data for several years and satellite accounts. In the default case, all of them are downloaded. You can, however, specify years and satellite account.

You can specify the years as either int or string (2 or 4 digits):


[11]:





res_years = [97, 2004, "2005"]







The available satellite accounts for WIOD are listed in the WIOD_CONFIG. To get them import this dict by:


[12]:





from pymrio.tools.iodownloader import WIOD_CONFIG








[13]:





WIOD_CONFIG








[13]:







{'url_db_view': 'http://www.wiod.org/database/wiots13',
 'url_db_content': 'http://www.wiod.org/',
 'mrio_regex': 'protected.*?wiot\\d\\d.*?xlsx',
 'satellite_urls': ['http://www.wiod.org/protected3/data13/SEA/WIOD_SEA_July14.xlsx',
  'http://www.wiod.org/protected3/data13/EU/EU_may12.zip',
  'http://www.wiod.org/protected3/data13/EM/EM_may12.zip',
  'http://www.wiod.org/protected3/data13/CO2/CO2_may12.zip',
  'http://www.wiod.org/protected3/data13/AIR/AIR_may12.zip',
  'http://www.wiod.org/protected3/data13/land/lan_may12.zip',
  'http://www.wiod.org/protected3/data13/materials/mat_may12.zip',
  'http://www.wiod.org/protected3/data13/water/wat_may12.zip']}






To restrict this list, you can either copy paste the urls or automatically select the accounts:


[14]:





sat_accounts = ["EU", "CO2"]
res_satellite = [
    sat
    for sat in WIOD_CONFIG["satellite_urls"]
    if any(acc in sat for acc in sat_accounts)
]








[15]:





res_satellite








[15]:







['http://www.wiod.org/protected3/data13/EU/EU_may12.zip',
 'http://www.wiod.org/protected3/data13/CO2/CO2_may12.zip']







[16]:





wiod_meta_res = pymrio.download_wiod2013(
    storage_folder="/tmp/foo_folder/WIOD2013_res",
    years=res_years,
    satellite_urls=res_satellite,
)








[17]:





print(wiod_meta_res)













Description: WIOD metadata file for pymrio
MRIO Name: WIOD
System: IxI
Version: data13
File: /tmp/foo_folder/WIOD2013_res/metadata.json
History:
20210218 15:29:34 - FILEIO -  Downloaded http://www.wiod.org/protected3/data13/wiot_analytic/wiot01_row_apr12.xlsx to wiot01_row_apr12.xlsx
20210218 15:29:33 - FILEIO -  Downloaded http://www.wiod.org/protected3/data13/wiot_analytic/wiot00_row_apr12.xlsx to wiot00_row_apr12.xlsx
20210218 15:29:32 - FILEIO -  Downloaded http://www.wiod.org/protected3/data13/CO2/CO2_may12.zip to CO2_may12.zip
20210218 15:29:31 - FILEIO -  Downloaded http://www.wiod.org/protected3/data13/EU/EU_may12.zip to EU_may12.zip
20210218 15:29:30 - FILEIO -  Downloaded http://www.wiod.org/protected3/data13/wiot_analytic/wiot04_row_apr12.xlsx to wiot04_row_apr12.xlsx
20210218 15:29:27 - FILEIO -  Downloaded http://www.wiod.org/protected3/data13/wiot_analytic/wiot97_row_apr12.xlsx to wiot97_row_apr12.xlsx
20210218 15:29:26 - FILEIO -  Downloaded http://www.wiod.org/protected3/data13/wiot_analytic/wiot05_row_apr12.xlsx to wiot05_row_apr12.xlsx






Subsequent download will only catch files currently not present in the folder, e.g.:


[18]:





additional_years = [2000, 2001]
wiod_meta_res = pymrio.download_wiod2013(
    storage_folder="/tmp/foo_folder/WIOD2013_res",
    years=res_years + additional_years,
    satellite_urls=res_satellite,
)







only downloads the years given in additional_years, appending these downloads to the meta data file.


[19]:





print(wiod_meta_res)













Description: WIOD metadata file for pymrio
MRIO Name: WIOD
System: IxI
Version: data13
File: /tmp/foo_folder/WIOD2013_res/metadata.json
History:
20210218 15:29:34 - FILEIO -  Downloaded http://www.wiod.org/protected3/data13/wiot_analytic/wiot01_row_apr12.xlsx to wiot01_row_apr12.xlsx
20210218 15:29:33 - FILEIO -  Downloaded http://www.wiod.org/protected3/data13/wiot_analytic/wiot00_row_apr12.xlsx to wiot00_row_apr12.xlsx
20210218 15:29:32 - FILEIO -  Downloaded http://www.wiod.org/protected3/data13/CO2/CO2_may12.zip to CO2_may12.zip
20210218 15:29:31 - FILEIO -  Downloaded http://www.wiod.org/protected3/data13/EU/EU_may12.zip to EU_may12.zip
20210218 15:29:30 - FILEIO -  Downloaded http://www.wiod.org/protected3/data13/wiot_analytic/wiot04_row_apr12.xlsx to wiot04_row_apr12.xlsx
20210218 15:29:27 - FILEIO -  Downloaded http://www.wiod.org/protected3/data13/wiot_analytic/wiot97_row_apr12.xlsx to wiot97_row_apr12.xlsx
20210218 15:29:26 - FILEIO -  Downloaded http://www.wiod.org/protected3/data13/wiot_analytic/wiot05_row_apr12.xlsx to wiot05_row_apr12.xlsx






To catch all files, irrespective if present in the storage_folder or not pass overwrite_existing=True



OECD download

The OECD Inter-Country Input-Output tables (ICIO) are available on the OECD webpage. [https://www.oecd.org/sti/ind/inter-country-input-output-tables.htm] There is no specific license given for the these tables, but the webpage state that “Data can be downloaded for free” (per June 2023) and to cite this database “OECD (2021), OECD Inter-Country Input-Output Database, http://oe.cd/icio”.

Currently OECD provides three versions 2016, 2018, and 2021, which are available through pymrio

To download the data, we first define the folder for storing the data (these will be created if they do not exist yet):


[20]:





oecd_folder_v2021 = "/tmp/mrios/autodownload/OECD_2021"
oecd_folder_v2018 = "/tmp/mrios/autodownload/OECD_2018"







Than we can start the download with


[21]:





log_2021 = pymrio.download_oecd(storage_folder=oecd_folder_v2021)







By default, the 2021 release of the OECD - ICIO tables are downloaded. To retrieve other versions, simply pass “version=’v<version date>’”, for example to get the 2018 release, pass “version=’v2018’” .

As for WIOD, specific years can be specified by passing a list of years:


[22]:





log_2018 = pymrio.download_oecd(
    storage_folder=oecd_folder_v2018, version="v2016", years=[2003, 2008]
)







However, the 2021 release of OECD is only available in 5-year bundles starting from 1995 to 2018 1995-1999, 2000-2004, 2005-2009, 2010-2014, 2015-2018

Therefore whenever 2021 release is used, it is recommended to pass years as a list of the wanted bundles in string forms:


[ ]:





log_2021 = pymrio.download_oecd(
    storage_folder=oecd_folder_v2021, years=["1995-1999", "2015-2018"]
)







Otherwise the corresponding bundles for the entered years would be downloaded, for example if year 2003 is requested, the bundle 2000-2004 would be downloaded


[ ]:





log_2021 = pymrio.download_oecd(storage_folder=oecd_folder_v2021, years=[2003, 2012])







The bundles 2000-2004 and 2010-2014 would be downloaded

The function returns a log for the download progress and MRIO info:


[23]:





print(log_2021)













Description: OECD-ICIO download
MRIO Name: OECD-ICIO
System: IxI
Version: v2021
File: \tmp\mrios\autodownload\OECD_2021\download_log.json
History:
20230706 15:35:10 - FILEIO -  Downloaded https://stats.oecd.org/wbos/fileview2.aspx?IDFile=2c2f499f-5703-4034-9457-2f7518e8f2fc to ICIO2021_2010-2014.zip
20230706 15:31:47 - FILEIO -  Downloaded https://stats.oecd.org/wbos/fileview2.aspx?IDFile=8adf89dd-18b4-40fe-bc7f-c822052eb961 to ICIO2021_2000-2004.zip
20230706 15:29:43 - NOTE -  Download log created
20230706 15:29:43 - NOTE -  python_version: 3.11.2
20230706 15:29:43 - NOTE -  pymrio_version: 0.5.1
20230706 15:29:43 - NOTE -  os: Windows
20230706 15:29:43 - NOTE -  hostname: NTNU09702
20230706 15:29:43 - NOTE -  username: hazimh








Eora26 download

Eora26 provides a simplified, symmetric version of the full Eora database.

Downloading the Eora data requires registration through the Eora website (worldmrio) [http://www.worldmrio.com] . Currently (August 2023), open Eora26 data are only offered for the years 1990 - 2016.

Therefore, you have to have the Eora account email and password in advance to use the downloader.

Setup the download with


[14]:





import pymrio

eora_folder = "/tmp/mrios/eora26"







Start the download with (passing the email and password of the eora account) If you pass invalid email or password, you get a prompt about that and asked to enter them again, otherwise the function will download the data (this can take some minutes)

This will download all available years 1990 - 2016


[ ]:





eora_log = pymrio.download_eora26(
    storage_folder=eora_folder,
    email="<Your Eora account email>",
    password="<Your Eora account password>",
)













Eora account with this email was not found

            Please try again or register a new user at the following website:

            https://worldmrio.com/login.jsp
The password for this email account is incorrect

            Please try again







[16]:





print(eora_log)













Description: Eora metadata file for pymrio
MRIO Name: Eora
System: ixi
Version: v199.82
File: /tmp/mrios/eora26/metadata.json
History:
20180111 10:26:35 - FILEIO -  Downloaded http://worldmrio.com/ComputationsM/Phase199/Loop082/simplified/Eora26_1995_bp.zip to Eora26_1995_bp.zip
20180111 10:26:26 - FILEIO -  Downloaded http://worldmrio.com/ComputationsM/Phase199/Loop082/simplified/Eora26_1996_bp.zip to Eora26_1996_bp.zip
20180111 10:26:17 - FILEIO -  Downloaded http://worldmrio.com/ComputationsM/Phase199/Loop082/simplified/Eora26_1997_bp.zip to Eora26_1997_bp.zip
20180111 10:25:57 - FILEIO -  Downloaded http://worldmrio.com/ComputationsM/Phase199/Loop082/simplified/Eora26_1998_bp.zip to Eora26_1998_bp.zip
20180111 10:25:47 - FILEIO -  Downloaded http://worldmrio.com/ComputationsM/Phase199/Loop082/simplified/Eora26_1999_bp.zip to Eora26_1999_bp.zip
20180111 10:25:37 - FILEIO -  Downloaded http://worldmrio.com/ComputationsM/Phase199/Loop082/simplified/Eora26_2000_bp.zip to Eora26_2000_bp.zip
20180111 10:25:21 - FILEIO -  Downloaded http://worldmrio.com/ComputationsM/Phase199/Loop082/simplified/Eora26_2001_bp.zip to Eora26_2001_bp.zip
20180111 10:25:08 - FILEIO -  Downloaded http://worldmrio.com/ComputationsM/Phase199/Loop082/simplified/Eora26_2002_bp.zip to Eora26_2002_bp.zip
20180111 10:24:58 - FILEIO -  Downloaded http://worldmrio.com/ComputationsM/Phase199/Loop082/simplified/Eora26_2003_bp.zip to Eora26_2003_bp.zip
20180111 10:24:46 - FILEIO -  Downloaded http://worldmrio.com/ComputationsM/Phase199/Loop082/simplified/Eora26_2004_bp.zip to Eora26_2004_bp.zip
 ... (more lines in history)






As in the case of the WIOD downloader, you can restrict the


	years to download by passing years=[list of int or str - 4 digits]


	force the overwriting of existing files by passing overwrite_existing=True




Satellite accounts, however, can not be restricted since they are included in one file.

The tables are in basic prices as it is the only price system available to download for Eora26.



EXIOBASE download (previous version 1 and 2)

Previous EXIOBASE version requires registration prior to download and therefore an automatic download has not been implemented. For further information check the download instruction at the EXIOBASE example notebook.



GLORIA download

The Global Resource Input Output Assessment (GLORIA) database are available to download through a dropbox folder GLORIA database. [https://www.dropbox.com/sh/o4fxq94n7grvdbk/AABhKvEVx0UuMvz4dQ4NlWC8a?d] There is no specific licence given for the this database.

Currently (as per April 2023), there are four available versions 53, 54, 55, and 57 (Release 056 was only distributed to a limited number of users for feedback).

The download function can (as per April 2023) download all four versions

To download, start with:


[ ]:





import pymrio







Define a folder for storing the data


[ ]:





gloria_folder = "/tmp/mrios/autodownload/GLORIA2014"







And start the download with (this will take a couple of minutes):


[ ]:





gloria_log_2014 = pymrio.download_gloria(storage_folder=gloria_folder)







The function returns the download log data for the release (which is stored in download_log.json in the download folder). You can inspect the log data by:


[ ]:





print(gloria_log_2014)













Description: Download log of Gloria
MRIO Name: GLORIA
System: IxI
Version: 57
File: /tmp/mrios/autodownload/GLORIA2014/download_log.json
History:
20230418 07:51:15 - NOTE -  Download log created
20230418 07:51:15 - NOTE -  python_version: 3.11.3
20230418 07:51:15 - NOTE -  pymrio_version: 0.5.0dev
20230418 07:51:15 - NOTE -  os: Linux
20230418 07:51:15 - NOTE -  hostname: instance-exio-svr
20230418 07:51:15 - NOTE -  username: hazimh
20230418 07:50:38 - FILEIO -  Downloaded https://dl.dropboxusercontent.com/sh/o4fxq94n7grvdbk/AACposoILlF8OETb20yh4st7a/latest_release/057/GLORIA_MRIO_Loop057_part_I_MRIOdatabase/GLORIA_MRIOs_57_2014.zip?dl=0 to GLORIA_MRIOs_57_2014.zip
20230418 07:46:30 - NOTE -  Download log created
20230418 07:46:30 - NOTE -  python_version: 3.11.3
20230418 07:46:30 - NOTE -  pymrio_version: 0.5.0dev
 ... (more lines in history)






By default the function downloads all years for the final release (57 as per April 2023), but the year and version can be specified by passing them to the function


[ ]:





gloria_log_v053_2012 = pymrio.download_gloria(gloria_folder, year=2012, version=53)











          

      

      

    

  

    
      
          
            
  
Metadata and change recording

Each pymrio core system object contains a field ‘meta’ which stores meta data as well as changes to the MRIO system. This data is stored as json file in the root of a saved MRIO data and accessible through the attribute ‘.meta’:


[1]:





import pymrio

io = pymrio.load_test()








[2]:





io.meta








[2]:







Description: test mrio for pymrio
MRIO Name: testmrio
System: pxp
Version: v1
File: /home/konstans/proj/pymrio/pymrio/mrio_models/test_mrio/metadata.json
History:
20210224 10:41:58 - FILEIO -  Load test_mrio from /home/konstans/proj/pymrio/pymrio/mrio_models/test_mrio
20171024 12:11:47 - FILEIO -  Created metadata file ../test_mrio/metadata.json







[3]:





io.meta("Loaded the pymrio test sytem")













Description: test mrio for pymrio
MRIO Name: testmrio
System: pxp
Version: v1
File: /home/konstans/proj/pymrio/pymrio/mrio_models/test_mrio/metadata.json
History:
20210224 10:41:58 - NOTE -  Loaded the pymrio test sytem
20210224 10:41:58 - FILEIO -  Load test_mrio from /home/konstans/proj/pymrio/pymrio/mrio_models/test_mrio
20171024 12:11:47 - FILEIO -  Created metadata file ../test_mrio/metadata.json






We can now do several steps to modify the system, for example:


[4]:





io.calc_all()
io.aggregate(region_agg="global")








[4]:







<pymrio.core.mriosystem.IOSystem at 0x7f4ed6d73d30>







[5]:





io.meta








[5]:







Description: test mrio for pymrio
MRIO Name: testmrio
System: pxp
Version: v1
File: /home/konstans/proj/pymrio/pymrio/mrio_models/test_mrio/metadata.json
History:
20210224 10:41:58 - MODIFICATION -  Calculating accounts for extension emissions
20210224 10:41:58 - MODIFICATION -  Calculating accounts for extension factor_inputs
20210224 10:41:58 - MODIFICATION -  Aggregate extensions...
20210224 10:41:58 - MODIFICATION -  Aggregate extensions...
20210224 10:41:58 - MODIFICATION -  Aggregate population vector
20210224 10:41:58 - MODIFICATION -  Aggregate industry output x
20210224 10:41:58 - MODIFICATION -  Aggregate transaction matrix Z
20210224 10:41:58 - MODIFICATION -  Aggregate final demand y
20210224 10:41:58 - MODIFICATION -  Reset to absolute flows
20210224 10:41:58 - MODIFICATION -  Calculating accounts for extension emissions
 ... (more lines in history)






Notes can added at any time:


[6]:





io.meta.note("First round of calculations finished")








[7]:





io.meta








[7]:







Description: test mrio for pymrio
MRIO Name: testmrio
System: pxp
Version: v1
File: /home/konstans/proj/pymrio/pymrio/mrio_models/test_mrio/metadata.json
History:
20210224 10:41:58 - NOTE -  First round of calculations finished
20210224 10:41:58 - MODIFICATION -  Calculating accounts for extension emissions
20210224 10:41:58 - MODIFICATION -  Calculating accounts for extension factor_inputs
20210224 10:41:58 - MODIFICATION -  Aggregate extensions...
20210224 10:41:58 - MODIFICATION -  Aggregate extensions...
20210224 10:41:58 - MODIFICATION -  Aggregate population vector
20210224 10:41:58 - MODIFICATION -  Aggregate industry output x
20210224 10:41:58 - MODIFICATION -  Aggregate transaction matrix Z
20210224 10:41:58 - MODIFICATION -  Aggregate final demand y
20210224 10:41:58 - MODIFICATION -  Reset to absolute flows
 ... (more lines in history)






In addition, all file io operations are recorde in the meta data:


[8]:





io.save_all("/tmp/foo")








[8]:







<pymrio.core.mriosystem.IOSystem at 0x7f4ed6d73d30>







[9]:





io_new = pymrio.load_all("/tmp/foo")








[10]:





io_new.meta








[10]:







Description: test mrio for pymrio
MRIO Name: testmrio
System: pxp
Version: v1
File: /tmp/foo/metadata.json
History:
20210224 10:41:58 - FILEIO -  Added satellite account from /tmp/foo/factor_inputs
20210224 10:41:58 - FILEIO -  Added satellite account from /tmp/foo/emissions
20210224 10:41:58 - FILEIO -  Loaded IO system from /tmp/foo
20210224 10:41:58 - FILEIO -  Saved testmrio to /tmp/foo
20210224 10:41:58 - NOTE -  First round of calculations finished
20210224 10:41:58 - MODIFICATION -  Calculating accounts for extension emissions
20210224 10:41:58 - MODIFICATION -  Calculating accounts for extension factor_inputs
20210224 10:41:58 - MODIFICATION -  Aggregate extensions...
20210224 10:41:58 - MODIFICATION -  Aggregate extensions...
20210224 10:41:58 - MODIFICATION -  Aggregate population vector
 ... (more lines in history)






The top level meta data can be changed as well. These changes will also be recorded in the history:


[11]:





io_new.meta.change_meta("Version", "v2")








[12]:





io_new.meta








[12]:







Description: test mrio for pymrio
MRIO Name: testmrio
System: pxp
Version: v2
File: /tmp/foo/metadata.json
History:
20210224 10:41:58 - METADATA_CHANGE -  Changed parameter "version" from "v1" to "v2"
20210224 10:41:58 - FILEIO -  Added satellite account from /tmp/foo/factor_inputs
20210224 10:41:58 - FILEIO -  Added satellite account from /tmp/foo/emissions
20210224 10:41:58 - FILEIO -  Loaded IO system from /tmp/foo
20210224 10:41:58 - FILEIO -  Saved testmrio to /tmp/foo
20210224 10:41:58 - NOTE -  First round of calculations finished
20210224 10:41:58 - MODIFICATION -  Calculating accounts for extension emissions
20210224 10:41:58 - MODIFICATION -  Calculating accounts for extension factor_inputs
20210224 10:41:58 - MODIFICATION -  Aggregate extensions...
20210224 10:41:58 - MODIFICATION -  Aggregate extensions...
 ... (more lines in history)






To get the full history list, use:


[13]:





io_new.meta.history








[13]:







['20210224 10:41:58 - METADATA_CHANGE -  Changed parameter "version" from "v1" to "v2"',
 '20210224 10:41:58 - FILEIO -  Added satellite account from /tmp/foo/factor_inputs',
 '20210224 10:41:58 - FILEIO -  Added satellite account from /tmp/foo/emissions',
 '20210224 10:41:58 - FILEIO -  Loaded IO system from /tmp/foo',
 '20210224 10:41:58 - FILEIO -  Saved testmrio to /tmp/foo',
 '20210224 10:41:58 - NOTE -  First round of calculations finished',
 '20210224 10:41:58 - MODIFICATION -  Calculating accounts for extension emissions',
 '20210224 10:41:58 - MODIFICATION -  Calculating accounts for extension factor_inputs',
 '20210224 10:41:58 - MODIFICATION -  Aggregate extensions...',
 '20210224 10:41:58 - MODIFICATION -  Aggregate extensions...',
 '20210224 10:41:58 - MODIFICATION -  Aggregate population vector',
 '20210224 10:41:58 - MODIFICATION -  Aggregate industry output x',
 '20210224 10:41:58 - MODIFICATION -  Aggregate transaction matrix Z',
 '20210224 10:41:58 - MODIFICATION -  Aggregate final demand y',
 '20210224 10:41:58 - MODIFICATION -  Reset to absolute flows',
 '20210224 10:41:58 - MODIFICATION -  Calculating accounts for extension emissions',
 '20210224 10:41:58 - MODIFICATION -  Calculating accounts for extension factor_inputs',
 '20210224 10:41:58 - MODIFICATION -  Leontief matrix L calculated',
 '20210224 10:41:58 - MODIFICATION -  Coefficient matrix A calculated',
 '20210224 10:41:58 - MODIFICATION -  Industry output x calculated',
 '20210224 10:41:58 - NOTE -  Loaded the pymrio test sytem',
 '20210224 10:41:58 - FILEIO -  Load test_mrio from /home/konstans/proj/pymrio/pymrio/mrio_models/test_mrio',
 '20171024 12:11:47 - FILEIO -  Created metadata file ../test_mrio/metadata.json']






This can be restricted to one of the history types by:


[14]:





io_new.meta.modification_history








[14]:







['20210224 10:41:58 - MODIFICATION -  Calculating accounts for extension emissions',
 '20210224 10:41:58 - MODIFICATION -  Calculating accounts for extension factor_inputs',
 '20210224 10:41:58 - MODIFICATION -  Aggregate extensions...',
 '20210224 10:41:58 - MODIFICATION -  Aggregate extensions...',
 '20210224 10:41:58 - MODIFICATION -  Aggregate population vector',
 '20210224 10:41:58 - MODIFICATION -  Aggregate industry output x',
 '20210224 10:41:58 - MODIFICATION -  Aggregate transaction matrix Z',
 '20210224 10:41:58 - MODIFICATION -  Aggregate final demand y',
 '20210224 10:41:58 - MODIFICATION -  Reset to absolute flows',
 '20210224 10:41:58 - MODIFICATION -  Calculating accounts for extension emissions',
 '20210224 10:41:58 - MODIFICATION -  Calculating accounts for extension factor_inputs',
 '20210224 10:41:58 - MODIFICATION -  Leontief matrix L calculated',
 '20210224 10:41:58 - MODIFICATION -  Coefficient matrix A calculated',
 '20210224 10:41:58 - MODIFICATION -  Industry output x calculated']






or


[15]:





io_new.meta.note_history








[15]:







['20210224 10:41:58 - NOTE -  First round of calculations finished',
 '20210224 10:41:58 - NOTE -  Loaded the pymrio test sytem']
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Using pymrio without a parser (small IO example)

Pymrio provides parsing function to load existing MRIO databases. However, it is also possible to assign data directly to the attributes of an IOSystem instance.

This tutorial exemplify this functionality. The tables used here are taken from Miller and Blair (2009): Miller, Ronald E, and Peter D Blair. Input-Output Analysis: Foundations and Extensions. Cambridge (England); New York: Cambridge University Press, 2009. ISBN: 978-0-521-51713-3


Preperation


Import pymrio

First import the pymrio module and other packages needed:


[1]:





import pymrio

import pandas as pd
import numpy as np









Get external IO table

For this example we use the IO table given in Miller and Blair (2009): Table 2.3 (on page 22 in the 2009 edition).

This table contains an interindustry trade flow matrix, final demand columns for household demand and exports and a value added row. The latter we consider as an extensions (factor inputs). To assign these values to the IOSystem attributes, the tables must be pandas DataFrames with multiindex for columns and index.

First we set up the Z matrix by defining the index of rows and columns. The example IO tables contains only domestic tables, but since pymrio was designed with multi regions IO tables in mind, also a region index is needed.


[2]:





_sectors = ["sector1", "sector2"]
_regions = ["reg1"]
_Z_multiindex = pd.MultiIndex.from_product(
    [_regions, _sectors], names=["region", "sector"]
)







Next we setup the total Z matrix. Here we just put in the name the values manually. However, pandas provides several possibility to ease the data input.


[3]:





Z = pd.DataFrame(
    data=np.array([[150, 500], [200, 100]]), index=_Z_multiindex, columns=_Z_multiindex
)








[4]:





Z








[4]:
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Handling the WIOD EE MRIO database


Getting the database

The WIOD database is available at http://www.wiod.org. You can download these files with the pymrio automatic downloader as described at WIOD download.

In the most simple case you get the full WIOD database with:


[1]:





import pymrio








[2]:





wiod_storage = "/tmp/mrios/WIOD2013"








[3]:





wiod_meta = pymrio.download_wiod2013(storage_folder=wiod_storage)







This download the whole 2013 release of WIOD including all extensions.

The extension (satellite accounts) are provided as zip files. You can use them directly in pymrio (without extracting them). If you want to have them extracted, create a folder with the name of each extension (without the ending “.zip”) and extract the zip file there.



Parsing


Parsing a single year

A single year of the WIOD database can be parse by:


[4]:





wiod2007 = pymrio.parse_wiod(year=2007, path=wiod_storage)







Which loads the specific year and extension data:


[5]:





wiod2007.Z.head()








[5]:
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Working with the EXIOBASE EE MRIO database


Getting EXIOBASE

EXIOBASE 1 (developed in the fp6 project EXIOPOL [http://www.feem-project.net/exiopol/]), EXIOBASE 2 (outcome of the fp7 project CREEA [http://www.creea.eu/]) and EXIOBASE 3 (outcome of the fp7 project DESIRE [http://fp7desire.eu/]) are available on the EXIOBASE webpage [http://www.exiobase.eu].

You need to register before you can download the full dataset.

Further information on the different EXIOBASE versions can be found in corresponding method papers.


	EXIOBASE 1: Tukker et al. 2013. Exiopol – Development and Illustrative Analyses of a Detailed Global MR EE SUT/IOT. Economic Systems Research 25(1), 50-70 [https://doi.org/10.1080/09535314.2012.761952]


	EXIOBASE 2: Wood et al. 2015. Global Sustainability Accounting—Developing EXIOBASE for Multi-Regional Footprint Analysis. Sustainability 7(1), 138-163 [https://doi.org/10.3390/su7010138]


	EXIOBASE 3: Stadler et al. 2018. EXIOBASE 3: Developing a Time Series of Detailed Environmentally Extended Multi‐Regional Input‐Output Tables. Journal of Industrial Ecology 22(3), 502-515 [https://doi.org/10.1111/jiec.12715]





EXIOBASE 1

To download EXIOBASE 1 for the use with pymrio, navigate to the EXIOBASE webpage [https://www.exiobase.eu] - section(tab) “Data Download” - “EXIOBASE 1 - full dataset [http://exiobase.eu/index.php/data-download/exiobase1-year-2000-full-data-set]” and download either


	pxp_ita_44_regions_coeff_txt [https://www.exiobase.eu/index.php/data-download/exiobase1-year-2000-full-data-set/49-pxp-ita-44-regions-coeff-txt/file] for the product by product (pxp) MRIO system or


	ixi_fpa_44_regions_coeff_txt [https://www.exiobase.eu/index.php/data-download/exiobase1-year-2000-full-data-set/25-ixi-fpa-44-regions-coeff-txt/file] for the industry by industry (ixi) MRIO system or


	pxp_ita_44_regions_coeff_src_txt [https://www.exiobase.eu/index.php/data-download/exiobase1-year-2000-full-data-set/52-pxp-ita-44-regions-coeff-src-txt/file] for the product by product (pxp) MRIO system with emission data per source or


	ixi_fpa_44_regions_coeff_src_txt [https://www.exiobase.eu/index.php/data-download/exiobase1-year-2000-full-data-set/28-ixi-fpa-44-regions-coeff-src-txt/file] for the industry by industry (ixi) wMRIO system with emission data per source.




The links above directly lead to the required file(s), but remember that you need to be logged in to access them.

The Pymrio parser works with the compressed (zip) files as well as the unpacked files. If you want to unpack the files, make sure that you store them in different folders since they unpack in the current directory.



EXIOBASE 2

EXIOBASE 3 is available at the EXIOBASE webpage [http://www.exiobase.eu] at the section (tab) tab “Data Download” - “EXIOBASE 2 - full dataset [http://exiobase.eu/index.php/data-download/exiobase2-year-2007-full-data-set]”.

You can download either


	MrIOT PxP ita coefficient version2 2 2 [http://www.exiobase.eu/index.php/data-download/exiobase2-year-2007-full-data-set/79-mriot-pxp-ita-coefficient-version2-2-2/file] for the product by product (pxp) MRIO system or


	MrIOT IxI fpa coefficient version2 2 2 [http://www.exiobase.eu/index.php/data-download/exiobase2-year-2007-full-data-set/78-mriot-ixi-fpa-coefficient-version2-2-2/file] for the industry by industry (ixi) MRIO system.




The links above directly lead to the required file(s), but remember that you need to be logged in to access them.

The pymrio parser works with the compressed (zip) files as well as the unpacked files. You can unpack the files together in one directory (unpacking creates a separate folder for each EXIOBASE 2 version). The unpacking of the PxP version also creates a folder “__MACOSX” - you can delete this folder.



EXIOBASE 3

EXIOBASE 3 is available at the EXIOBASE webpage [http://www.exiobase.eu] at the section (tab) tab “Data Download” - “EXIOBASE 3 - monetary [http://exiobase.eu/index.php/data-download/exiobase3mon]”. The EXIOBASE 3 parser works with both, the compressed zip archives and the extracted database.




Parsing


[1]:





import pymrio







For each publically available version of EXIOBASE pymrio provides a specific parser. All exiobase parser work with the zip archive (as downloaded from the exiobase webpage) or the extracted data.

To parse EXIOBASE 1 use:


[2]:





exio1 = pymrio.parse_exiobase1(
    path="/tmp/mrios/exio1/zip/121016_EXIOBASE_pxp_ita_44_regions_coeff_txt.zip"
)













/home/konstans/proj/pymrio/pymrio/tools/ioparser.py:373: FutureWarning: The default value of regex will change from True to False in a future version.
  _new_unit = _unit.unit.str.replace("/" + mon_unit, "")






The parameter ‘path’ needs to point to either the folder with the extracted EXIOBASE1 files for the downloaded zip archive.

Similarly, EXIOBASE 2 can be parsed by:


[3]:





exio2 = pymrio.parse_exiobase2(
    path="/tmp/mrios/exio2/zip/mrIOT_PxP_ita_coefficient_version2.2.2.zip",
    charact=True,
    popvector="exio2",
)







The additional parameter ‘charact’ specifies if the characterization matrix provided with EXIOBASE 2 should be used. This can be specified with True or False; in addition, a custom one can be provided. In the latter case, pass the full path to the custom characterisatio file to ‘charact’.

The parameter ‘popvector’ allows to pass information about the population per EXIOBASE2 country. This can either be a custom vector of, if ‘exio2’ is passed, the one provided with pymrio.

EXIOBASE 3 can be parsed by:


[4]:





exio3 = pymrio.parse_exiobase3(path="/tmp/mrios/exio3/zip/exiobase3.4_iot_2009_pxp.zip")







Currently, no characterization or population vectors are provided for EXIOBASE 3.

For the rest of the tutorial, we use exio2; deleting exio1 and exio3 to free some memory:


[5]:





del exio1
del exio3









Exploring EXIOBASE

After parsing a EXIOBASE version, the handling of the database is the same as for any IO. Here we use the parsed EXIOBASE2 to explore some characteristics of the EXIBOASE system.

After reading the raw files, metadata about EXIOBASE can be accessed within the meta field:


[6]:





exio2.meta








[6]:







Description: Metadata for pymrio
MRIO Name: EXIOBASE
System: pxp
Version: 2.2.2
File: None
History:
20210224 11:48:56 - FILEIO -  EXIOBASE data F_Y_materials parsed from /tmp/mrios/exio2/zip/mrIOT_PxP_ita_coefficient_version2.2.2.zip/mrIOT_PxP_ita_coefficient_version2.2.2/mrFDMaterials_version2.2.2.txt
20210224 11:48:56 - FILEIO -  EXIOBASE data F_Y_emissions parsed from /tmp/mrios/exio2/zip/mrIOT_PxP_ita_coefficient_version2.2.2.zip/mrIOT_PxP_ita_coefficient_version2.2.2/mrFDEmissions_version2.2.2.txt
20210224 11:48:56 - FILEIO -  EXIOBASE data S_resources parsed from /tmp/mrios/exio2/zip/mrIOT_PxP_ita_coefficient_version2.2.2.zip/mrIOT_PxP_ita_coefficient_version2.2.2/mrResources_version2.2.2.txt
20210224 11:48:55 - FILEIO -  EXIOBASE data S_materials parsed from /tmp/mrios/exio2/zip/mrIOT_PxP_ita_coefficient_version2.2.2.zip/mrIOT_PxP_ita_coefficient_version2.2.2/mrMaterials_version2.2.2.txt
20210224 11:48:54 - FILEIO -  EXIOBASE data S_emissions parsed from /tmp/mrios/exio2/zip/mrIOT_PxP_ita_coefficient_version2.2.2.zip/mrIOT_PxP_ita_coefficient_version2.2.2/mrEmissions_version2.2.2.txt
20210224 11:48:52 - FILEIO -  EXIOBASE data S_factor_inputs parsed from /tmp/mrios/exio2/zip/mrIOT_PxP_ita_coefficient_version2.2.2.zip/mrIOT_PxP_ita_coefficient_version2.2.2/mrFactorInputs_version2.2.2.txt
20210224 11:48:51 - FILEIO -  EXIOBASE data Y parsed from /tmp/mrios/exio2/zip/mrIOT_PxP_ita_coefficient_version2.2.2.zip/mrIOT_PxP_ita_coefficient_version2.2.2/mrFinalDemand_version2.2.2.txt
20210224 11:48:51 - FILEIO -  EXIOBASE data A parsed from /tmp/mrios/exio2/zip/mrIOT_PxP_ita_coefficient_version2.2.2.zip/mrIOT_PxP_ita_coefficient_version2.2.2/mrIot_version2.2.2.txt






Custom points can be added to the history in the meta record. For example:


[7]:





exio2.meta.note("First test run of EXIOBASE 2")
exio2.meta








[7]:







Description: Metadata for pymrio
MRIO Name: EXIOBASE
System: pxp
Version: 2.2.2
File: None
History:
20210224 11:50:36 - NOTE -  First test run of EXIOBASE 2
20210224 11:48:56 - FILEIO -  EXIOBASE data F_Y_materials parsed from /tmp/mrios/exio2/zip/mrIOT_PxP_ita_coefficient_version2.2.2.zip/mrIOT_PxP_ita_coefficient_version2.2.2/mrFDMaterials_version2.2.2.txt
20210224 11:48:56 - FILEIO -  EXIOBASE data F_Y_emissions parsed from /tmp/mrios/exio2/zip/mrIOT_PxP_ita_coefficient_version2.2.2.zip/mrIOT_PxP_ita_coefficient_version2.2.2/mrFDEmissions_version2.2.2.txt
20210224 11:48:56 - FILEIO -  EXIOBASE data S_resources parsed from /tmp/mrios/exio2/zip/mrIOT_PxP_ita_coefficient_version2.2.2.zip/mrIOT_PxP_ita_coefficient_version2.2.2/mrResources_version2.2.2.txt
20210224 11:48:55 - FILEIO -  EXIOBASE data S_materials parsed from /tmp/mrios/exio2/zip/mrIOT_PxP_ita_coefficient_version2.2.2.zip/mrIOT_PxP_ita_coefficient_version2.2.2/mrMaterials_version2.2.2.txt
20210224 11:48:54 - FILEIO -  EXIOBASE data S_emissions parsed from /tmp/mrios/exio2/zip/mrIOT_PxP_ita_coefficient_version2.2.2.zip/mrIOT_PxP_ita_coefficient_version2.2.2/mrEmissions_version2.2.2.txt
20210224 11:48:52 - FILEIO -  EXIOBASE data S_factor_inputs parsed from /tmp/mrios/exio2/zip/mrIOT_PxP_ita_coefficient_version2.2.2.zip/mrIOT_PxP_ita_coefficient_version2.2.2/mrFactorInputs_version2.2.2.txt
20210224 11:48:51 - FILEIO -  EXIOBASE data Y parsed from /tmp/mrios/exio2/zip/mrIOT_PxP_ita_coefficient_version2.2.2.zip/mrIOT_PxP_ita_coefficient_version2.2.2/mrFinalDemand_version2.2.2.txt
20210224 11:48:51 - FILEIO -  EXIOBASE data A parsed from /tmp/mrios/exio2/zip/mrIOT_PxP_ita_coefficient_version2.2.2.zip/mrIOT_PxP_ita_coefficient_version2.2.2/mrIot_version2.2.2.txt






To check for sectors, regions and extensions:


[8]:





exio2.get_sectors()








[8]:







Index(['Paddy rice', 'Wheat', 'Cereal grains nec', 'Vegetables, fruit, nuts',
       'Oil seeds', 'Sugar cane, sugar beet', 'Plant-based fibers',
       'Crops nec', 'Cattle', 'Pigs',
       ...
       'Paper for treatment: landfill',
       'Plastic waste for treatment: landfill',
       'Inert/metal/hazardous waste for treatment: landfill',
       'Textiles waste for treatment: landfill',
       'Wood waste for treatment: landfill',
       'Membership organisation services n.e.c.',
       'Recreational, cultural and sporting services', 'Other services',
       'Private households with employed persons',
       'Extra-territorial organizations and bodies'],
      dtype='object', name='sector', length=200)







[9]:





exio2.get_regions()








[9]:







Index(['AT', 'BE', 'BG', 'CY', 'CZ', 'DE', 'DK', 'EE', 'ES', 'FI', 'FR', 'GR',
       'HU', 'IE', 'IT', 'LT', 'LU', 'LV', 'MT', 'NL', 'PL', 'PT', 'RO', 'SE',
       'SI', 'SK', 'GB', 'US', 'JP', 'CN', 'CA', 'KR', 'BR', 'IN', 'MX', 'RU',
       'AU', 'CH', 'TR', 'TW', 'NO', 'ID', 'ZA', 'WA', 'WL', 'WE', 'WF', 'WM'],
      dtype='object', name='region')







[10]:





list(exio2.get_extensions())








[10]:







['factor_inputs', 'emissions', 'materials', 'resources', 'impact']








Calculating the system and extension results

The following command checks for missing parts in the system and calculates them. In case of the parsed EXIOBASE this includes A, L, multipliers M, footprint accounts, ..


[11]:





exio2.calc_all()








[11]:







<pymrio.core.mriosystem.IOSystem at 0x7f337397a520>








Exploring the results


[12]:





import matplotlib.pyplot as plt

plt.figure(figsize=(15, 15))
plt.imshow(exio2.A, vmax=1e-3)
plt.xlabel("Countries - sectors")
plt.ylabel("Countries - sectors")
plt.show()
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The available impact data can be checked with:


[13]:





list(exio2.impact.get_rows())








[13]:







['Value Added',
 'Employment',
 'Employment hour',
 'abiotic depletion (elements, ultimate ultimate reserves)',
 'abiotic depletion (fossil fuels)',
 'abiotic depletion (elements, reserve base)',
 'abiotic depletion (elements, economic reserve)',
 'Landuse increase of land competition',
 'global warming (GWP100)',
 'global warming net (GWP100 min)',
 'global warming net (GWP100 max)',
 'global warming (GWP20)',
 'global warming (GWP500)',
 'ozone layer depletion (ODP steady state)',
 'ozone layer depletion (ODP5)',
 'ozone layer depletion (ODP10)',
 'ozone layer depletion (ODP15)',
 'ozone layer depletion (ODP20)',
 'ozone layer depletion (ODP25)',
 'ozone layer depletion (ODP30)',
 'ozone layer depletion (ODP40)',
 'human toxicity (HTP inf)',
 'Freshwater aquatic ecotoxicity (FAETP inf)',
 'Marine aquatic ecotoxicity (MAETP inf)',
 'Freshwater sedimental ecotoxicity (FSETP inf)',
 'Marine sedimental ecotoxicity (MSETP inf)',
 'Terrestrial ecotoxicity (TETP inf)',
 'human toxicity (HTP20)',
 'Freshwater aquatic ecotoxicity (FAETP20)',
 'Marine aquatic ecotoxicity (MAETP20)',
 'Freshwater sedimental ecotoxicity (FSETP20)',
 'Marine sedimental ecotoxicity (MSETP20)',
 'Terrestrial ecotoxicity (TETP20)',
 'human toxicity (HTP100)',
 'Freshwater aquatic ecotoxicity (FAETP100)',
 'Marine aquatic ecotoxicity (MAETP100)',
 'Freshwater sedimental ecotoxicity (FSETP100)',
 'Marine sedimental ecotoxicity (MSETP100)',
 'Terrestrial ecotoxicity (TETP100)',
 'human toxicity (HTP500)',
 'Freshwater aquatic ecotoxicity (FAETP500)',
 'Marine aquatic ecotoxicity (MAETP500)',
 'Freshwater sedimental ecotoxicity (FSETP500)',
 'Marine sedimental ecotoxicity (MSETP500)',
 'Terrestrial ecotoxicity (TETP500)',
 'Human toxicity (USEtox) 2008',
 'Fresh water Ecotoxicity (USEtox) 2008',
 'Human toxicity (USEtox) 2010',
 'Fresh water Ecotoxicity (USEtox) 2010',
 'photochemical oxidation (high NOx)',
 'photochemical oxidation (low NOx)',
 'photochemical oxidation (MIR; very high NOx)',
 'photochemical oxidation (MOIR; high NOx)',
 'photochemical oxidation (EBIR; low NOx)',
 'acidification (incl. fate, average Europe total, A&B)',
 'acidification (fate not incl.)',
 'eutrophication (fate not incl.)',
 'eutrophication (incl. fate, average Europe total, A&B)',
 'radiation',
 'odour',
 'EPS',
 'Carcinogenic effects on humans (H.A)',
 'Respiratory effects on humans caused by organic substances (H.A)',
 'Respiratory effects on humans caused by inorganic substances (H.A)',
 'Damages to human health caused by climate change (H.A)',
 'Human health effects caused by ionising radiation (H.A)',
 'Human health effects caused by ozone layer depletion (H.A)',
 'Damage to Ecosystem Quality caused by ecotoxic emissions (H.A)',
 'Damage to Ecosystem Quality caused by the combined effect of acidification and eutrophication (H.A)',
 'Damage to Ecosystem Quality caused by land occupation (H.A)',
 'Damage to Ecosystem Quality caused by land conversion (H.A)',
 'Damage to Resources caused by extraction of minerals (H.A)',
 'Damage to Resources caused by extraction of fossil fuels (H.A)',
 'Carcinogenic effects on humans (E.E)',
 'Respiratory effects on humans caused by organic substances (E.E)',
 'Respiratory effects on humans caused by inorganic substances (E.E)',
 'Damages to human health caused by climate change (E.E)',
 'Human health effects caused by ionising radiation (E.E)',
 'Human health effects caused by ozone layer depletion (E.E)',
 'Damage to Ecosystem Quality caused by ecotoxic emissions (E.E))',
 'Damage to Ecosystem Quality caused by the combined effect of acidification and eutrophication (E.E)',
 'Damage to Ecosystem Quality caused by land occupation (E.E)',
 'Damage to Ecosystem Quality caused by land conversion (E.E)',
 'Damage to Resources caused by extraction of minerals (E.E)',
 'Damage to Resources caused by extraction of fossil fuels (E.E)',
 'Carcinogenic effects on humans (I.I)',
 'Respiratory effects on humans caused by organic substances (I.I)',
 'Respiratory effects on humans caused by inorganic substances (I.I)',
 'Damages to human health caused by climate change (I.I)',
 'Human health effects caused by ionising radiation (I.I)',
 'Human health effects caused by ozone layer depletion (I.I)',
 'Damage to Ecosystem Quality caused by ecotoxic emissions (I.I)',
 'Damage to Ecosystem Quality caused by the combined effect of acidification and eutrophication (I.I)',
 'Damage to Ecosystem Quality caused by land occupation (I.I)',
 'Damage to Ecosystem Quality caused by land conversion (I.I)',
 'Damage to Resources caused by extraction of minerals (I.I)',
 'Damage to Resources caused by extraction of fossil fuels (I.I)',
 'photochemical oxidation (high NOx)(incl. NOx average, NMVOC average)',
 'photochemical oxidation (high NOx)(incl. NMVOC average)',
 'human toxicity HTP inf. (incl. PAH average, Xylene average, NMVOC average)',
 'Freshwater aquatic ecotoxicity FAETP inf. (incl. PAH average, Xylene average, NMVOC average)',
 'Marine aquatic ecotoxicity MAETP inf. (incl. PAH average, Xylene average, NMVOC average)',
 'Terrestrial ecotoxicity TETP inf. (incl. PAH average, Xylene average, NMVOC average)',
 'global warming GWP100 (incl. NMVOC average)',
 'ozone layer depletion ODP steady state (incl. NMVOC average)',
 'Total Emission relevant energy use',
 'Total Energy inputs from nature',
 'Total Energy supply',
 'Total Energy Use',
 'Total Heat rejected to fresh water',
 'Domestic Extraction',
 'Unused Domestic Extraction',
 'Water Consumption Green - Agriculture',
 'Water Consumption Blue - Agriculture',
 'Water Consumption Blue - Livestock',
 'Water Consumption Blue - Manufacturing',
 'Water Consumption Blue - Electricity',
 'Water Consumption Blue - Domestic',
 'Water Consumption Blue - Total',
 'Water Withdrawal Blue - Manufacturing',
 'Water Withdrawal Blue - Electricity',
 'Water Withdrawal Blue - Domestic',
 'Water Withdrawal Blue - Total',
 'Land use']






And to get for example the footprint of a specific impact do:


[14]:





print(exio2.impact.unit.loc["global warming (GWP100)"])
exio2.impact.D_cba_reg.loc["global warming (GWP100)"]













unit    kg CO2 eq.
Name: global warming (GWP100), dtype: object







[14]:







region
AT    1.450787e+11
BE    1.991422e+11
BG    6.266676e+10
CY    1.556996e+10
CZ    1.471491e+11
DE    1.394892e+12
DK    1.079304e+11
EE    2.381673e+10
ES    6.079175e+11
FI    1.153875e+11
FR    8.019998e+11
GR    2.247927e+11
HU    9.096635e+10
IE    9.591233e+10
IT    8.419421e+11
LT    3.366823e+10
LU    1.467799e+10
LV    2.255212e+10
MT    5.014763e+09
NL    2.992112e+11
PL    4.136385e+11
PT    1.120749e+11
RO    1.543358e+11
SE    1.282029e+11
SI    3.239223e+10
SK    6.911104e+10
GB    1.073548e+12
US    7.591895e+12
JP    1.825128e+12
CN    6.986984e+12
CA    7.142173e+11
KR    7.566406e+11
BR    5.595118e+11
IN    1.658771e+12
MX    6.219372e+11
RU    1.635710e+12
AU    5.715893e+11
CH    1.201448e+11
TR    4.939783e+11
TW    2.924074e+11
NO    8.791708e+10
ID    4.552600e+11
ZA    3.547961e+11
WA    1.224565e+12
WL    7.970228e+11
WE    4.931660e+11
WF    6.100073e+11
WM    1.329488e+12
Name: global warming (GWP100), dtype: float64








Visualizing the data


[15]:





with plt.style.context("ggplot"):
    exio2.impact.plot_account(["global warming (GWP100)"], figsize=(15, 10))
    plt.show()
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See the other notebooks for further information on aggregation and file io.
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Parsing the Eora26 EE MRIO database


Getting Eora26

You need to register at http://www.worldmrio.com to download Eora 26 database. You can download the files from http://www.worldmrio.com/simplified. Or you can download these files with the pymrio automatic downloader as described at Eora26 download.



Parse

To parse a single year do:


[1]:





import pymrio








[2]:





eora_storage = "/tmp/mrios/eora26"








[ ]:





eora_meta = pymrio.download_eora26(
    storage_folder=eora_storage,
    email="<Your Eora account email>",
    password="<Your Eora account password>",
)








[3]:





eora = pymrio.parse_eora26(year=2005, path=eora_storage)













/home/konstans/bin/anaconda3/envs/pymrio_dev/lib/python3.7/site-packages/pandas/core/generic.py:3887: PerformanceWarning: dropping on a non-lexsorted multi-index without a level parameter may impact performance.
  obj = obj._drop_axis(labels, axis, level=level, errors=errors)








Explore

Eora includes (almost) all countries:


[4]:





eora.get_regions()








[4]:







Index(['AFG', 'ALB', 'DZA', 'AND', 'AGO', 'ATG', 'ARG', 'ARM', 'ABW', 'AUS',
       ...
       'TZA', 'USA', 'URY', 'UZB', 'VUT', 'VEN', 'VNM', 'YEM', 'ZMB', 'ZWE'],
      dtype='object', name='region', length=189)






This can easily be aggregated to, for example, the OECD/NON_OECD countries with the help of the country converter coco [https://github.com/IndEcol/country_converter].


[5]:





import country_converter as coco








[6]:





eora.aggregate(
    region_agg=coco.agg_conc(
        original_countries="Eora", aggregates=["OECD"], missing_countries="NON_OECD"
    )
)








[6]:







<pymrio.core.mriosystem.IOSystem at 0x7fb7f2a14e90>







[7]:





eora.get_regions()








[7]:







Index(['NON_OECD', 'OECD', 'Unspecified region'], dtype='object', name='region')







[8]:





eora.calc_all()








[8]:







<pymrio.core.mriosystem.IOSystem at 0x7fb7f2a14e90>







[9]:





import matplotlib.pyplot as plt

with plt.style.context("ggplot"):
    eora.Q.plot_account(("Total cropland area", "Total"), figsize=(8, 5))
    plt.show()












[image: ../_images/notebooks_working_with_eora26_17_0.png]




See the other notebooks for further information on aggregation and file io.
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Working with the OECD - ICIO database

The OECD Inter-Country Input-Output tables (ICIO) are available on the OECD webpage. [https://www.oecd.org/sti/ind/inter-country-input-output-tables.htm]

The parsing function >parse_oecd< works for both, the 2016 and 2018 release.

The tables can either be downloaded manually (using the csv format), or the pymrio OECD automatic downloader can be used.

For example, to get the 2011 table of the 2018 release do:


[1]:





import pymrio








[2]:





from pathlib import Path








[3]:





oecd_storage = Path("/tmp/mrios/OECD")








[4]:





meta_2018_download = pymrio.download_oecd(storage_folder=oecd_storage, years=[2011])







OECD provides the data compressed in zip files. The pymrio oecd parser works with both, the compressed and unpacked version.


Parsing

To parse a single year of the database, either specify a path and year:


[5]:





oecd_path_year = pymrio.parse_oecd(path=oecd_storage, year=2011)







Or directly specify a file to parse:


[6]:





oecd_file = pymrio.parse_oecd(path=oecd_storage / "ICIO2018_2011.zip")








[7]:





oecd_path_year == oecd_file








[7]:







True






Note: The original OECD ICIO tables provide some disaggregation of the Mexican and Chinese tables for the interindustry flows. The pymrio parser automatically aggregates these into Chinese And Mexican totals. Thus, the MX1, MX2, .. and CN1, CN2, … entries are aggregated into MEX and CHN.

Currently, the parser only includes the value added and taxes data given in original file as satellite accounts. These are accessable in the extension “factor_inputs”:


[8]:





oecd_file.factor_inputs.F.head()








[8]:
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Loading, saving and exporting data

Pymrio includes several functions for data reading and storing. This section presents the methods to use for saving and loading data already in a pymrio compatible format. For parsing raw MRIO data see the different tutorials for working with available MRIO databases.

Here, we use the included small test MRIO system to highlight the different function. The same functions are available for any MRIO loaded into pymrio. Expect, however, significantly decreased performance due to the size of real MRIO system.


[1]:





import pymrio
import os

io = pymrio.load_test().calc_all()








Basic save and read

To save the full system, use:


[2]:





save_folder_full = "/tmp/testmrio/full"
io.save_all(path=save_folder_full)








[2]:







<pymrio.core.mriosystem.IOSystem at 0x7fe06ba0e880>






To read again from that folder do:


[3]:





io_read = pymrio.load_all(path=save_folder_full)







The fileio activities are stored in the included meta data history field:


[4]:





io_read.meta








[4]:







Description: test mrio for pymrio
MRIO Name: testmrio
System: pxp
Version: v1
File: /tmp/testmrio/full/metadata.json
History:
20210224 11:32:06 - FILEIO -  Added satellite account from /tmp/testmrio/full/factor_inputs
20210224 11:32:06 - FILEIO -  Added satellite account from /tmp/testmrio/full/emissions
20210224 11:32:06 - FILEIO -  Loaded IO system from /tmp/testmrio/full
20210224 11:32:06 - FILEIO -  Saved testmrio to /tmp/testmrio/full
20210224 11:32:06 - MODIFICATION -  Calculating accounts for extension emissions
20210224 11:32:06 - MODIFICATION -  Calculating accounts for extension factor_inputs
20210224 11:32:06 - MODIFICATION -  Leontief matrix L calculated
20210224 11:32:06 - MODIFICATION -  Coefficient matrix A calculated
20210224 11:32:06 - MODIFICATION -  Industry output x calculated
20210224 11:32:06 - FILEIO -  Load test_mrio from /home/konstans/proj/pymrio/pymrio/mrio_models/test_mrio
 ... (more lines in history)








Storage format

Internally, pymrio stores data in csv format, with the ‘economic core’ data in the root and each satellite account in a subfolder. Metadata as file as a file describing the data format (‘file_parameters.json’) are included in each folder.


[5]:





import os

os.listdir(save_folder_full)








[5]:







['emissions',
 'factor_inputs',
 'metadata.json',
 'file_parameters.json',
 'population.txt',
 'unit.txt',
 'L.txt',
 'A.txt',
 'x.txt',
 'Y.txt',
 'Z.txt']






The file format for storing the MRIO data can be switched to a binary pickle format with:


[6]:





save_folder_bin = "/tmp/testmrio/binary"
io.save_all(path=save_folder_bin, table_format="pkl")
os.listdir(save_folder_bin)








[6]:







['emissions',
 'factor_inputs',
 'metadata.json',
 'file_parameters.json',
 'population.pkl',
 'unit.pkl',
 'L.pkl',
 'A.pkl',
 'x.pkl',
 'Y.pkl',
 'Z.pkl']






This can be used to reduce the storage space required on the disk for large MRIO databases.



Archiving MRIOs databases

To archive a MRIO system after saving use pymrio.archive:


[7]:





mrio_arc = "/tmp/testmrio/archive.zip"

# Remove a potentially existing archive from before
try:
    os.remove(mrio_arc)
except FileNotFoundError:
    pass

pymrio.archive(source=save_folder_full, archive=mrio_arc)







Data can be read directly from such an archive by:


[8]:





tt = pymrio.load_all(mrio_arc)







Currently data can not be saved directly into a zip archive. It is, however, possible to remove the source files after archiving:


[9]:





tmp_save = "/tmp/testmrio/tmp"

# Remove a potentially existing archive from before
try:
    os.remove(mrio_arc)
except FileNotFoundError:
    pass

io.save_all(tmp_save)

print("Directories before archiving: {}".format(os.listdir("/tmp/testmrio")))
pymrio.archive(source=tmp_save, archive=mrio_arc, remove_source=True)
print("Directories after archiving: {}".format(os.listdir("/tmp/testmrio")))













Directories before archiving: ['tmp', 'emission_footprints.xlsx', 'emissions', 'binary', 'full']
Directories after archiving: ['archive.zip', 'emission_footprints.xlsx', 'emissions', 'binary', 'full']






Several MRIO databases can be stored in the same archive:


[10]:





# Remove a potentially existing archive from before
try:
    os.remove(mrio_arc)
except FileNotFoundError:
    pass

tmp_save = "/tmp/testmrio/tmp"

io.save_all(tmp_save)
pymrio.archive(
    source=tmp_save, archive=mrio_arc, path_in_arc="version1/", remove_source=True
)
io2 = io.copy()
del io2.emissions
io2.save_all(tmp_save)
pymrio.archive(
    source=tmp_save, archive=mrio_arc, path_in_arc="version2/", remove_source=True
)







When loading from an archive which includes multiple MRIO databases, specify one with the parameter ‘path_in_arc’:


[11]:





io1_load = pymrio.load_all(mrio_arc, path_in_arc="version1/")
io2_load = pymrio.load_all(mrio_arc, path_in_arc="version2/")

print(
    "Extensions of the loaded io1 {ver1} and of io2: {ver2}".format(
        ver1=sorted(io1_load.get_extensions()), ver2=sorted(io2_load.get_extensions())
    )
)













Extensions of the loaded io1 ['emissions', 'factor_inputs'] and of io2: ['factor_inputs']






The pymrio.load function can be used directly to only a specific satellite account of a MRIO database from a zip archive:


[12]:





emissions = pymrio.load(mrio_arc, path_in_arc="version1/emissions")
print(emissions)













Extension Emissions with parameters: name, F, F_Y, S, S_Y, M, D_cba, D_pba, D_imp, D_exp, unit, D_cba_reg, D_pba_reg, D_imp_reg, D_exp_reg, D_cba_cap, D_pba_cap, D_imp_cap, D_exp_cap






The archive function is a wrapper around python.zipfile module. There are, however, some differences to the defaults choosen in the original:


	In contrast to zipfile.write [https://docs.python.org/3/library/zipfile.html], pymrio.archive raises an error if the data (path + filename) are identical in the zip archive. Background: the zip standard allows that files with the same name and path are stored side by side in a zip file. This becomes an issue when unpacking this files as they overwrite each other upon extraction.


	The standard for the parameter ‘compression’ is set to ZIP_DEFLATED This is different from the zipfile default (ZIP_STORED) which would not give any compression. See the zipfile docs [https://docs.python.org/3/library/zipfile.html#zipfile-objects] for further information. Depending on the value given for the parameter ‘compression’ additional modules might be necessary (e.g. zlib for ZIP_DEFLATED). Futher information on this can also be found in the zipfile python docs.






Storing or exporting a specific table or extension

Each extension of the MRIO system can be stored separetly with:


[13]:





save_folder_em = "/tmp/testmrio/emissions"








[14]:





io.emissions.save(path=save_folder_em)








[14]:







<pymrio.core.mriosystem.Extension at 0x7fe06ba19fa0>






This can then be loaded again as separate satellite account:


[15]:





emissions = pymrio.load(save_folder_em)








[16]:





emissions








[16]:







<pymrio.core.mriosystem.Extension at 0x7fe0698db130>







[17]:





emissions.D_cba








[17]:
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Adjusting, Renaming and Restructuring


[2]:





import pymrio








[3]:





mrio = pymrio.load_test()







We can use several functions to get a quick overview over the MRIO system:


[4]:





mrio.get_sectors()








[4]:







Index(['food', 'mining', 'manufactoring', 'electricity', 'construction',
       'trade', 'transport', 'other'],
      dtype='object', name='sector')







[5]:





mrio.get_regions()








[5]:







Index(['reg1', 'reg2', 'reg3', 'reg4', 'reg5', 'reg6'], dtype='object', name='region')







[6]:





mrio.get_Y_categories()








[6]:







Index(['Final consumption expenditure by households',
       'Final consumption expenditure by non-profit organisations serving households (NPISH)',
       'Final consumption expenditure by government',
       'Gross fixed capital formation', 'Changes in inventories',
       'Changes in valuables', 'Export'],
      dtype='object', name='category')






A list of available satellite accounts can be obtained by


[7]:





mrio.get_extensions()








[7]:







<generator object IOSystem.get_extensions at 0x7f36f120c4a0>






this returns a generator over all extensions, to just get the names which can be used to loop over the extensions. To just get the names:


[8]:





list(mrio.get_extensions())








[8]:







['factor_inputs', 'emissions']






All the names returned are literally just names and can easily be renamed. To rename sectors or regions just pass a dictionary with the new names:


[9]:





mrio.rename_regions({"reg1": "REGION A", "reg2": "REGION B"})








[9]:







<pymrio.core.mriosystem.IOSystem at 0x7f36f11de940>







[10]:





mrio.get_regions()








[10]:







Index(['REGION A', 'REGION B', 'reg3', 'reg4', 'reg5', 'reg6'], dtype='object', name='region')






Renaming sectors or Y categories works the same way


[11]:





mrio.rename_sectors({"mining": "dwarf business"})
mrio.rename_Y_categories({"Final consumption expenditure by households": "fin_house"})








[11]:







<pymrio.core.mriosystem.IOSystem at 0x7f36f11de940>







[12]:





mrio.get_sectors()
mrio.get_Y_categories()








[12]:







Index(['fin_house',
       'Final consumption expenditure by non-profit organisations serving households (NPISH)',
       'Final consumption expenditure by government',
       'Gross fixed capital formation', 'Changes in inventories',
       'Changes in valuables', 'Export'],
      dtype='object', name='category')






Some MRIOs come with a selections of names which can be used for renaming. These can be obtained via ‘get_classification’, passing the name of the IO (pass None to get a list of available classifications).


[13]:





mrio_class = pymrio.get_classification(mrio_name="test")







The classification data contains different names and aggregation levels for the sectors and final demand categories. The easiest way to explore the classification data is by using the autocomplete functionality. Depending on the editor your are using this might work with typing mrio_class.sectors. pressing Tab or Ctrl-Space. The same works for mrio_class.finaldemand.

Alternatively it is possible to just print the underlying dataframes with (similar for finaldemand)


[14]:





mrio_class.sectors








[14]:
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Using the aggregation functionality of pymrio

Pymrio offers various possibilities to achieve an aggregation of a existing MRIO system. The following section will present all of them in turn, using the test MRIO system included in pymrio. The same concept can be applied to real life MRIOs.

Some of the examples rely in the country converter coco [https://github.com/IndEcol/country_converter]. The minimum version required is coco >= 0.6.3 - install the latest version with

pip install country_converter --upgrade





Coco can also be installed from the Anaconda Cloud - see the coco readme for further infos.


Loading the test mrio

First, we load and explore the test MRIO included in pymrio:


[1]:





import numpy as np
import pymrio








[2]:





io = pymrio.load_test()
io.calc_all()








[2]:







<pymrio.core.mriosystem.IOSystem at 0x7f0e90c8beb0>







[3]:





print(
    "Sectors: {sec},\nRegions: {reg}".format(
        sec=io.get_sectors().tolist(), reg=io.get_regions().tolist()
    )
)













Sectors: ['food', 'mining', 'manufactoring', 'electricity', 'construction', 'trade', 'transport', 'other'],
Regions: ['reg1', 'reg2', 'reg3', 'reg4', 'reg5', 'reg6']








Aggregation using a numerical concordance matrix

This is the standard way to aggregate MRIOs when you work in Matlab. To do so, we need to set up a concordance matrix in which the columns correspond to the orignal classification and the rows to the aggregated one.


[4]:





sec_agg_matrix = np.array(
    [[1, 0, 0, 0, 0, 0, 0, 0], [0, 1, 1, 1, 1, 0, 0, 0], [0, 0, 0, 0, 0, 1, 1, 1]]
)

reg_agg_matrix = np.array([[1, 1, 1, 0, 0, 0], [0, 0, 0, 1, 1, 1]])








[5]:





io.aggregate(region_agg=reg_agg_matrix, sector_agg=sec_agg_matrix)








[5]:







<pymrio.core.mriosystem.IOSystem at 0x7f0e90c8beb0>







[6]:





print(
    "Sectors: {sec},\nRegions: {reg}".format(
        sec=io.get_sectors().tolist(), reg=io.get_regions().tolist()
    )
)













Sectors: ['sec0', 'sec1', 'sec2'],
Regions: ['reg0', 'reg1']







[7]:





io.calc_all()








[7]:







<pymrio.core.mriosystem.IOSystem at 0x7f0e90c8beb0>







[8]:





io.emissions.D_cba








[8]:
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Analysing the source of stressors (flow matrix)

To calculate the source (in terms of regions and sectors) of a certain stressor or impact driven by consumption, one needs to diagonalize this stressor/impact. This section shows how to do this based on the small test mrio included in pymrio. The same procedure can be use for any other MRIO, but keep in mind that diagonalizing a stressor dramatically increases the memory need for the calculations.


Basic example

First we load the test mrio:


[1]:





import pymrio

io = pymrio.load_test()







The test mrio includes several extensions:


[2]:





list(io.get_extensions())








[2]:







['factor_inputs', 'emissions']






For the example here, we use ‘emissions’ - ‘emission_type1’:


[3]:





io.emissions.F








[3]:
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Characterization of stressors

The characterization of stressors is a standard procedure to calculate the environmental and social impacts of economic activity. This is usually accomplished by multiplying (matrix-multiplication) the stressor-matrix with a characterization-matrix. Doing that in the matrix forms requires a 1:1 correspondence of the columns of the characterization matrix to the rows of the stressor-matrix.

Pymrio uses a different approach with matching the strings of the characterization table (given in long-format) to the available stressors. By doing that, the order of the entries in the characterization-table becomes unimportant. This implementation also allows to use characterization tables which includes characterization for stressors not present in the given satellite account. All characterizations relying on not available stressor will be automatically removed.


Example

For this example we use the test MRIO included in Pymrio. We also need the Pandas library for loading the characterization table and pathlib for some folder manipulation.


[1]:





from pathlib import Path








[2]:





import pandas as pd








[3]:





import pymrio
from pymrio.core.constants import PYMRIO_PATH  # noqa







To load the test MRIO we use:


[4]:





io = pymrio.load_test()







and the characterization table with some foo factors can be loaded by


[5]:





charact_table = pd.read_csv(
    (PYMRIO_PATH["test_mrio"] / Path("concordance") / "emissions_charact.tsv"),
    sep="\t",
)
charact_table








[5]:
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Advanced functionality - pandas groupby with pymrio satellite accounts

This notebook examplifies how to directly apply Pa