
Scalable Computing for Big Climate Data Analytics

Grid Transformation as Climate Analysis

The spatiotemporal indexing approach enables fast data retrieval when performing big
climate data analysis with MapReduce. However, it does not support flexible query
analytics of climate data, and MapReduce job needs to be developed from scratch for each
data analysis operation. Leveraging the SIA index,

• We propose a high-performance query analytical framework to support data-intensive
climate applications.

• We introduce a new perspective for complex climate data analysis that applies a series
of grid transformations to terabytes of climate data.

• Four types of grid transformations (temporal, spatial, local, and arithmetic) are
introduced to support a broad range of climate analyses.

Results show that complex and data-intensive climate analysis can be conducted using
intuitive SQL queries with good flexibility and performance.

Spatiotemporal Indexing Approach (SIA)

Introduction

MapReduce, a parallel data processing framework pioneered by Google, has been proven to
be effective when it comes to handling big data challenges. As an opensource
implementation of MapReduce, Hadoop has gained increasing popularity over the past
several years. However, Hadoop is not designed to handle spatiotemporal data. To bridge
the gap, we propose a novel spatiotemporal indexing approach that significantly
accelerates querying and processing of big climate data with MapReduce in their native
format. Based on the index, a data-partitioning algorithm is applied to enable MapReduce
to achieve high data locality, as well as balancing the workload.

Earth observations, model simulations, and climate reanalysis produce vast amounts of
climate data. The unprecedented data volume and intrinsic complexity of geospatial
statistics and analysis requires efficient analysis to investigate global problems such as
climate change, natural disasters, diseases, and other environmental issues. However, this
requirement poses grand challenges due to the unprecedented data volume and intrinsic
complexity of geospatial statistics and analysis. Addressing these challenges requires
efficient data management strategies, complex parallel algorithms and scalable computing
systems.

This project aims to address these challenges by developing an efficient Spatiotemporal
Indexing Approach (SIA) (Li et al., 2016), an innovative query analytical framework (Li et
al., 2017), and a scalable online visual analytical system called SOVAS for interactive big
climate data analysis (Li et al., 2019). The SIA index was adopted by NASA as one of the key
technologies in their Data Analytics and Storage System (DASS).

Li Z., Huang Q., Carbone G., Hu F. (2017)  A High-performance query analytical framework for supporting data-intensive climate 
studies, Computers, Environment and Urban Systems, 62(3), 210-221

Scalable Online Visual Query Analytic System

Most existing online processing and analytics systems for climate studies only support fixed
user interface with predefined functions. These systems are often not scalable to handle
massive climate data that could easily accumulate terabytes daily. To address the major
limitations of existing online systems for climate studies, this paper presents a scalable online
visual analytic system, known as SOVAS, to balance both usability and flexibility. SOVAS,
enabled by a set of key techniques, supports large-scale climate data analytics and
knowledge discovery in a scalable and sharable environment.

Li, Z., Huang, Q., Jiang, Y., & Hu, F. (2020). SOVAS: a scalable online visual analytic system for big climate data analysis.
International Journal of Geographical Information Science, 34(6), 1188-1209.
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GiBD
Making Sense of Geospatial Big Data

The proposed indexing approach is evaluated using the National Aeronautics and Space
Administration (NASA) Modern-Era Retrospective Analysis for Research and Applications
(MERRA) climate reanalysis dataset. It is also evaluated by NASA on multiple Portable
Operating System Interface (POSIX) architectures. The experimental results show that the
index can significantly accelerate querying and processing (~10× speedup compared to the
baseline test using the same computing cluster), while keeping the index-to-data ratio small
(0.0328%).

SIA was adopted by NASA as
one of the key technologies in
their Data Analytics and
Storage System (DASS). The
SIA has also been extended
and adapted to build a
hierarchical indexing strategy
for optimizing Apache Spark
with HDFS to efficiently query
big geospatial raster data.

Credit: Carrie Spear, HPC Architect at the NASA Center for Climate 
Simulation (NCCS)

Li, Z., Hu, F., Schnase, J. L., Duffy, D. Q., Lee, T., Bowen, M. K., & Yang, C. (2017). A spatiotemporal indexing approach for 
efficient processing of big array-based climate data with MapReduce. International Journal of Geographical Information 
Science, 31(1), 17-35.

               

                    
          

                  

                     
                      
                          

      
      

 
 
   

         
 

 
   

 
 

 
   

 
 

    
    

 
 

 
  

      
     

 

              

                     
                       

     
            

     
     

            

     

         
 

 
    

   
   

  
   

   
   

   
  

 
    

   
 
 
   

 
 
      

 

Query analytical framework (left) and localized correlation analysis of two variables using grid transformations (right). 

This research not only contributes to the community an efficient tool for analyzing big
climate data but also contributes to the literature by providing valuable technical references
for tackling spatiotemporal big data challenges.

System user interface and demo outputs


