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Essay on Big Data

External trends in technology and information availability 
that may impact on WMO and NMHS

· Perception of Big Data from the perspective of user community for Climate Service

by Byong LEE
President of CAgM

(Assuming the other PTCs will deal with Scientific and Opportunity data in more detail and in-depth, CAgM is trying to touch another aspect of Big Data from user perspectives, especially giving emphasis on Climate Services for the sector of Agriculture and Food Security in terms of Sustainable Agriculture)

*Note : Since too lengthy, it will be articulated/shortened later if we are allowed to do so.
 
1. What does Big Data mean to CAgM?

1.1 Big Data : Science with Public

Big Data are generally grouped into Scientific data, Opportunity data, Crowd sourced and Social data (2015, WMO). Scientists will still struggle for classical scientific Big Data, but all should be public oriented at the end. Big data is also an evolution of public participation into information era being similar to the concept of Public Science in a sense. Role of scientist for public domain Big Data will be largely QMS with reference data and interpretation based on state of art scientific evidence. 

It will complement/supplement scientific understanding by providing clues for interlinkages among unrelated episodes/phenomena superficially. Still most outcomes from Big Data analysis are ad hoc and blackbox because of poor understanding on interactive mechanisms regardless of high correlations among information/data. In addition, Big data is mainly monitoring and identifying current status, not for predictions on the future. 

1.2 Big Data : Common Misunderstanding

Three wheels of Big Data are resources (Big Data), infrastructure (Big Data platform) and expertise (Data scientists). The concept of Big Data seems to be too much subjective primarily because of existing gaps between countries & disciplines or sectors in any of the above three wheels. Nine misunderstanding on Big data can be summarized as follows;
1) Big Data : big in volume << big in difficulty of management
2) Bigger, mean more insight << more important is to select meaningful data
3) Big Data analysis is for Social media data << Social data is only a part of Big data
4) Core of Big Data analysis is for future prediction << proper understanding and optimization on current status should be key objective
5) Success depends on understanding and applying novel technology << crucial factors are clear goal with collaboration between human and machine
6) Use of Hadoop is prerequisite << Hadoop is a tool when necessary
7) Big Data will lead to giant IT market << Only who link value with service will survive
8) Big Data business is just extended BI << BI is merely one of applications, seeking for new value
9) Big Data is for Data scientist and CEO << ultimate beneficiary and assessor will be public


2. Climate Data for emerging Climate Services

2.1 Exploding Climate Data (cited from 2011, Science).

Climate data belong to the realm of Scientific data, which have been exploding in their volume from instrument, RS, ReAnalysis and NWP models to meet the needs of a wide range of user community. Wide community of diverse users claims to access, understand, and use climate data. These include an ever-increasing range of scientists (ecologists, hydrologists, social scientists, etc.) and decision-makers in society (resource managers, farmers, public health officials, and others) (2011, Science).
 
Key users also include those with public responsibilities, as well as their constituents in the general public who must support and understand decisions being made on their behalf. As a result, climate scientists must not only share data among themselves, but they must also meet a growing obligation to facilitate access to data for those outside their community and, in doing so, respond to this broader user community to ensure that the data are as useful as possible.

2.2 The Future of Climate Data

An emerging paradigm is facing two major challenges for climate data: ensuring that the ever expanding volumes of data are easily and freely available to enable new scientific research, and making sure that these data and the results that depend on them are useful to and understandable by a broad interdisciplinary audience. 
A new paradigm that joins traditional climate research with research on climate adaptation, services, assessment, and applications will require strengthened funding for the development and analysis of climate models, as well as for the broader climate data enterprise. Otherwise, climate science will suffer, and the climate information needed by society - Climate assessment, services, and adaptation capability - will not only fall short of its potential to reduce the vulnerability of human and natural systems to climate variability and change, but will also cause society to miss out on opportunities that will inevitably arise in the face of changing conditions.

3. User Needs for Climate Services in Agriculture

3.1 Requirements from Agriculture sector for Climate Services
Main climate services that are indispensable in Agriculture and Food security sector are (2014, FAO); 
· Statistical assessments of the future frequency of extreme weather and climate events: to be used by engineers to help them make decisions
· Seasonal climate forecasts: to be used to provide forecasts for cropping, disease control, drought mitigation. 
· Climate predictions: to be used for decisions on planting time, irrigation planning, timing for spraying etc.
· Climate change projections: to be used to indicate precipitation/temperature patterns in the decadal time frame

In addition, general urgent needs for user communities from Agriculture, Forest, Livestock and Fishery are climate services with High quality, Value-added, Feasible, Operational to support for diverse applications at Farmer’s site (Quantitative), value-added operational service (Qualitative) and feasible communication networks (Timely).

3.2 Scientific and Technological Challenges in Climate Services 

Diverse challenges are faced by CAgM in Climate Service innovations: Utmost crucial issue will be how to make better use of long-range forecasts in Agriculture under climate variability in terms of both food security and sustainable agriculture. It should be accompanied by various downscaling skills to meet user requirements from Agricultural sector for high resolutions in time, space and element including in-situ, monitoring, RS, etc..

In addition, CAgM is multidisciplinary constituent body with Agriculture sector that requires close collaborations with non-meteorological institutions/organizations at national/global level through partnerships, with.high emphasis given to strengthening AgMet services in developing countries.

Inevitably diverse resources are required for High-resolution information production (spatial/temporal/elemental), Feedback mechanism from Users (bidirectional communication) and ICT Resource Sharing Platform (Computing/Storage/Networks). Another consideration to take into account will be how to contribute to NWP model predictability (as information provider) as well as Multi-lingual Translation for efficient communications with users and over countries

4. How to tackle the Challenges by CAgM

4.1 Global Initiatives in AgroMeteorology

The mission of CAgM is to provide Scientific & Technological Guidance to WMO Members in the sectors of Agriculture, Forestry, Livestock and Fisheries for food productivity and AgroMeteorological risk governance in terms of AgroEcosystem Resilience and Sustainability. 

In given context, pending CAgM Issues are: 1) How to cultivate Resources including future experts at national/global levels, 2) How to strengthen Coordination mechanism among international institutions concerned, 3) How to develop technological Innovations for better use of NWP output (S2S, Downscaling), and 4) How to secure supporting Infrastructures (ICT sharing system).

  In order to meet WMO  requirements including  Strategic Plans  and  implementations on GFCS, WIS, WIGOS, DRR in terms of resource mobilization and allocations for human, procedure, infrastructure & governance aspects, Global Initiatives in AgMet (GIAM) has been implemented by CAgM and AGMP with 5 components as follows;
· Global Federation of AgMet Society (GFAMS) UIP, RMP
· Global Center of Research, Excellency in AgMet (GCREAM) CD
· Global AgMet Pilot Projects (GAMPP) RMP, CD
· Global AgMet Outlook System (GAMOS) GAPON OBS, RMP
      -  WAMIS next phase (WAMIS II) CSIS, UIP
             

4.2 Global Challenge Research project (proposal)

To help Members for national policy decision on best Environment performance of AgroEcosystem under present and future climate conditions, GCR project entitled “Development of Life Cycle Analysis Framework (LCAF) on GHG/water (resource) footprints” has been drafted, focusing on Climate Variability issues based on S2S, System integration : by Process Network Analysis, Coupling of AgroEcosystem to Atmospheric System, Synchronization of Mitigation/Adaptation strategies as well as Operation supporting ICT infrastructures.

1) Carbon/Water footprints under present and future climate conditions
Assessment on the effects of AgroEcosystem changes on Carbon/Water footprints u	nder climate projection scenarios  
2) Interactions mechanism between AgroEcosystem/Climate system
Modeling agricultural interactions with the environment, especially related to GHG emissions and climate change
3) (Short-/)Long-term feedback of AgroEcosystem to Climate system
Prediction on long-term orientation of AgroEcosystem changes and its impact on Climate system
4) Cross-over impact assessments for Adaptation/Mitigation strategies 
Establishing policy decision-making support system with LCAF for adaptation/mitigation strategies under climate change projections
5) ICT platform to support LCA framework
ICT sharable platform under cloud environment with interfaces between models and with users by GIS-Online
6) Sustainability Evaluation in terms of Socio-Economic-Policy implications
Incorporation of socio-economic-policy implications tnto LCA framework to assess AgroEcosystem sustainability under climate variability implementation strategies.


5. Public domain data for Climate Services 

5.1 Value Creation by Public Data
Public domain data through crowd sourced and social media are recognized that they are small data in quantity, but potentially Big value in quality. Thus persistent and continuous efforts should be made for collection of raw data including shadow data (e.g. phenology observation by Public using Smartphone)
 
  The origin of value creation is based on technology, human, and data with Openness, innovation, collaboration and creativity, among which open innovation, open platform, and creative collaboration are key subjects. Being based on them Public participating service platform, Social data based User tailored policy making and Proactive early warning and public safety alert service could be supplemented.

5.2 Data Scientist Capacity
Highest priority should be given to develop Data Scientist capacity for better understanding, processing, value creation, visualization, delivery(communication) of those public domain data to identify Socio-Economic value in terms of Huge scale, Reality, Trend, Combination, keeping in mind that Potential and Role of Big data in the future will help us move forward in-depth insight, Risk governance, Smart, and Creativity.

Data scientists would better be ready for Big Data analytic technology in the following areas;
· Data mining, predictive analytics
Association rule mining – market basket analysis, Classification – buying decision, churn rate, consumption rate, Regression - , Cluster analysis-, Novelty detection, 
· Text mining, question answering
To turn text into data for analysis via application of natural language processing (NLP) and analytical methods
· Opinion mining, social media analytics, social network analytics, predictive analytics
Sentiment analysis – emotion, appraisal, attitude
Lexicon-based method, Rule-based method, Machine learning method 
· Log data mining
Personal location data mining
· Modelling and simulation

6. 
Big Data - Public Domain : Implications with WMO and NMHS.
Big Data questions for public domain data to WMO/NMHS will be; How is big data going to help its service, How much will it cost, How risky is it, How will be measure the return, How long will it take to see results? 
Since it is frankly very difficult to provide clear answers to the above questions at this moment, this chapter will only focus on public domain data for the format provided by WMO Secretariat as a guideline of an essay on Big Data implications with WMO and NMHS from CAgM perspectives.
6.1 Potential opportunities from additional sources of information
· Complementary/gap filling to regular/standard observation/monitoring : e.g. phenology
· Diverse applications for users with more tailored services
· Encouraging/promoting more active user engagements into services
· Identification of socio-economic-political issues/response by the Public
       
6.2 Potential opportunities from availability of organizations and tools able to process additional information
· Better climate services through World wide collaboration/cooperation mechanism for sharing of knowledge, Infrastructure, tools for big data analysis relevant to WMO and UN Agenda
· Leadership in the Provision of reference data for weather, climate and water in order to facilitate and improve data quality for better Bigdata analysis
· Establishment of ICT sharable platform (Virtual) to accommodate/encourage Bigdata analysis for WMO community and stakeholders 
· 
6.3 Actions needed by WMO and/or NMHS to take advantage of the opportunities
· Human capacity/resource development for data experts in atmospheric sciences
· More freely accessible meteorological information by public and private sectors including raw/processed/derived/prediction/outlook/projection data in high resolution format (open data policy)
· Identification/collection/archival related data from diverse sectors/institutions at national level
· Sharing of computer facility to encourage R&D for Bigdata analysis in applied meteorology by associated disciplines

6.4 Potential threats to WMO and/or NMHS from changes in technology associated with Big Data, social applications and the "internet of things"
· Inevitable competition with private sector and public scientists in delivering weather/climate services, which will often cause a conflict over the value of NMHSs especially in developing countries
· Public/Stakeholder will be highly critical to any minor failures/lower quality in weather services by NMHS than private sectors, furthermore more severe critiques in preparedness for risk management
· Heavy burdens to NMHSs to catch up with modern technologies in ICT era including resource mobilization required
· 
6.5 Potential threats to WMO and/or NMHS from changes in behaviour of businesses and other organizations
· The ownership for outcomes from Bigdata analys can be a hot issue of dispute among institutions/organizations concerned, which could be resolved through governance mechanism at state level or at UN level.
· Private sector will insist that NMHS’s role should be limited to public safety, whereas other services should belong to non-NMHSs

6.6 Actions needed by WMO and/or NMI-IS to mitigate the threats
· Timely action to set up legislations to clearly distinguish role and responsibility among parties concerned in Bigdata issues at state level 
· Timely agreement among entities concerned under UN umbrella including related global partners on international Bigdata policy for data policy including Win-Win strategy between public and private sectors.
6.7 Recommendations to EC-68 to optimize the potential for WMO and NMHS
1) Big data supporting center for demonstration project, R&D, human capacity development, QMF, Reference data, Governing mechanism, etc.
2) Survey on potential data source, current status and requirements on Big data business for constructing Ecosystem with Big Data business and industry by establishing Big Data manager for Cost-Benefit Analysis
3) Facilitating user engagements/accessibility to Big Data, e.g. Open announcement for Innovative demonstration/pilot services and open policy using Big Data in Earth System science
4) Systematic and technological protection on privacy under Big Data environment to reduce risks at global and national levels

