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GAINS CONCEPTUAL MODEL

GAINS Concepts

• To identify portfolios of measures that improve air quality 
and reduce greenhouse gas emissions at least cost.

• To bring together scientific knowledge and quality-
controlled data on future socio-economic driving forces of 
emissions:
– on the technical and economic features of the available 

emission control options, 

– on the chemical transformation and dispersion of pollutants 
in the atmosphere, and the resulting impacts on human 
health and the environment. 
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addresses impacts of air pollution on:
- human health, 
- vegetation and 
- aquatic ecosystems

Requirements

• accessible, i.e. both the typically inputs and outputs of the 
analysis need to be publically available at all times;

• transparent, i.e. in addition the model rationale and 
mathematical relations need  to be comprehensible even 
to non-experts;

• participatory, i.e. national experts need to be able to have 
an influence on the model design; 

• able to deliver results promptly as needed;
• able to store large amounts of data and produce them 

even after years;
• able to interact with a variety of other, specialized 

modeling tools.



Information Flow

Interaction with other models



GAINS System Architecture

GAINS DWH system architecture



GAINS CLOUD BASED 
MULTIDIMENSIONAL DATA 

MODEL

GAINS cloud based multi dimensional data model

G = D,V,A

• D = {R,F,S,P,T,Y} is a set of dimensions.

• V is a set of variables or facts.

• A is a set of application services in the context of GAINS 
cloud intelligent framework and used to build, manage as 
well as analysis data in GAINS data ware- house.



Dimensions

• six main dimensions D={R,F,S,P,T,Y}. Specifically:

– R is dimension region, and r ∈ R is a region.

– F is dimension fuel activity, f ∈ F is a fuel activity. For 
example, natural gas is a fuel activity.

– S is dimension sector, s ∈ S is a sector. For example,

– P is dimension pollutant, i.e. air pollutants (SO2, NOx, PM2.5, 
NH3 and VOC) as well as the greenhouse gases CO2, CH4, 
N2O and FGAS

– T is dimension technology, t ∈ T is a technology, specifically 
an emission control technology, for exam- ple a catalytic 
converter.

– Y is dimension year, y ∈ Y is a year. GAINS covers the 
period 1990-2050 in 5-year steps.

Variables or Facts

• Activity data specified by a combination of a fuel activity f with a 
sector s ,in a region r,of a year y. 

• Technology-specific Activity data describes the extent to which a 
certain control technology t is applied in a given sector s and 
region r to a given fuel activity f.

• Application rates/Control strategies 



Activity Pathway Data Cube Schema

Application Services-Dimension constraints

• Fuel activity and Sector constraint.

• Fuel activity, Sector, and Region constraint

• Sector-Fuel Activity and Pollutant constraints.

• Sector-Fuel activity and Technology constraints

• Fuel activity, Sector, Technology and Pollutant constraint



Emission and Cost Calculations

• Emissions Calculation

• Cost Calculation

Emission Data Cube Schema



Cost Data Cube Schema

CLOUD-BASED GAINS DATA 
WAREHOUSING APPLICATION 

FRAMEWORK



GAINS Portal



Current Models and Applications

GAINS DWH: developed by collecting data from available 
data sources and used to build regional data warehouse(s) 
as required.

MEC: developed under United Nations Framework 
Convention on Climate Change (UNFCCC), interactive tool 
to compare the relative climate change mitigation efforts of 
all industrialized (Annex I) countries.

GAINS_EUROPE: used extensively by EU Member States 
and the Commission to develop cost-effective strategies to 
reduce the environmental impact of air pollutions

GAINS_China and South Asia, including India: used to 
explore sustainable development pathways for the future.

An example of using Activity Data Cube to generate 
Energy Data aggregated by Activity



Emission Calculation

Marginal Cost Curve



Total Cost of GHG Emission

MEC Calculator- Demo



Modeling Air quality

CONCLUSION AND FUTURE WORK

• conceptual data model to design and build a Cloud-based Data 
warehousing Framework.

• Cloud based data warehouse and semantic technologies - such 
as representation of data combination and constraints - to 
enhance the efficiency and agility of the GAINS/MEC system. 

• continue to improve the transparency of strategic decision 
making in the international context on the basis of scientific 
analysis with multiple levels of information requirements.
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