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Understanding and provision of integrated environmental information is one of the top priorities in the 
new Weather-Ready Nation strategy recently introduced by the National Weather Service (NWS) at the US 
National Oceanic and Atmospheric Administration (NOAA). The ability to identify and predict local climate 
impacts on weather and water is critical because most climate-sensitive decisions occur at the local level such 
as cities, counties and states. 

Climate serves as a driving force in the frequency of extreme weather and water events. Public warnings 
on the occurrence of climate events and their possible impacts, such as fresh water shortages in the Pacific 
Islands during El Niño events, provide actionable information to help build communities’ resilience to 
weather and water elements. Efficient local service is a key component for the effective dissemination of 
climate information. The NWS is presently working towards developing a local climate analysis tool (LCAT) 
to enable office staff and technical users to access, manipulate, and interpret climate data, and characterize 
climate variability and change linkages to weather and water elements. 

To ensure the relevance of the tool to end users, the LCAT Integrated Working Team identifies 
requirements and sets priorities for development. LCAT’s capabilities are being developed to respond to the 
needs of NOAA staff providing operational climate services, as well as those of external technical users 
making climate-sensitive decisions. External technical user groups include: 

• Natural resource managers (such as hydrologists, planning and operational engineers of water reservoirs 
and energy turbines using water, nuclear, wind, and solar sources of power generation)  

• Wildlife managers including fisheries, national parks, and marine sanctuaries 

• Researchers working on climate information applications for national security including agriculture, 
environment, transportation and military matters. 

The LCAT Integrated Working Team is using different ways to identify requirements, including literature 
surveys, reviews of user logs maintained by NWS local offices, and direct engagement with users, such as 
through the Annual Climate Prediction Application Science Workshop1. 

The enabling role of LCAT 

LCAT is an online interactive tool that will enable local users to conduct regional and local climate 
studies using state-of-the-art station and reanalysis gridded data and various statistical techniques. LCAT uses 
the principles of artificial intelligence to respond to queries, in particular, through use of machine technology 
that responds intelligently to input from users (Figure 1). The user translates customer questions into primary 
variables and issues, and LCAT pulls the most relevant data and analysis techniques to provide information 
back to the user, who in turn responds to their customer. Most responses take on the order of 10 seconds, 
which includes providing statistics, graphical displays of information, and translations for users, metadata, 
and a summary of the user request to LCAT. The results are used to provide services to guide local decision 
makers in weather- and climate- sensitive actions and to deliver information to the general public. LCAT 

                                                 
1 http://www.nws.noaa.gov/om/csd/index.php?section=meetings 
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augments current climate reference materials with relevant regional and local information. Its main emphasis 
is to enable studies of extreme meteorological and hydrological events such as tornadoes, floods, droughts 
and severe storms. LCAT will close a very critical gap in NWS local climate services because it provides 
analysis of climate variables beyond average temperature and total precipitation. NWS external partners and 
government agencies will benefit by incorporating LCAT’s output easily into their own analysis and delivery 
systems.  

Present and near-term capabilities 

NWS has identified five existing requirements for local climate information:  

• Local impacts of climate change (Figure 2) 

• Local impacts of climate variability 

• Drought severity studies 

• Climate studies for water resources 

• Diagnostics of extreme meteorological and hydrological events. 

The methodologies for the first four requirements have been included in LCAT phase one implementation. 

The local rate of climate change is defined as a slope of the mean trend estimated from the ensemble of 
three trend techniques: hinge, optimal climate normals (running mean for optimal time periods), and the 
exponentially-weighted moving average (Figure 2). 

Root mean squared error is used to determine the best trend fit to observations with the least error. 
Analysis of ensemble information allows assessment of mean climatological data and uncertainty due to the 
trend fitting techniques. 

Fig. 1  LCAT mimics human abilities to listen, think, reach out for information, and respond multiple users’ 
inquiries at the same time. 
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Studies of the impacts of climate variability on local extremes use compositing techniques applied to 
various definitions of local variables, from specified percentiles to critical thresholds. Drought studies 
combine the visual capabilities of Google maps with statistical estimates of drought severity indices. 

Climate studies for water 
resources applications include:  

• Current and expected 
maps of water resources 
(Figure 3) 

• Site-speci5fic, interactive 
information on forecast 
ensemble distribution for 
water resources and their 
expected evolution 

• Historical analogues of 
present and expected 
river flow 

• The relationship between 
water parameters and 
climate variability indices 

NWS is leveraging internal 
and external NOAA 
partnerships to develop 
methodologies for the 
requirement on the attribution of 
extreme meteorological and 
hydrological events. This 
section of LCAT will include 
references to explain the 
climatological drivers for 
extreme events such as the 2010 
heat wave and drought in Russia, 
the 2011 Missouri River flood 
and the unusually warm March 
in the eastern USA in 2012. 

The near-term development 
plan includes the incorporation 
of various climate variability 
indices such as North Atlantic, 
Arctic, Madden Julian, Pacific 
Decadal and other oscillations 
with documented impacts of 
weather and water parameters. 
In addition, LCAT will have 
access to NOAA’s severe 
weather data sets, which will 
enable climatological and 
impact studies of frequencies in 
tornados (Figure 4), floods, 
snowstorms, heat waves, 

Fig. 2  LCAT options for climate change local studies include fitting 
different trends to the local climate time series, computation of rate of 
change (1.7⁰C per 30-year period), and de-trended time series for 
further studies of climate variability impacts. 

Fig. 3  LCAT section on Climate Studies for Water Resources Applications 
is currently developing as a stand-alone feature with future 
incorporation into LCAT framework. 
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lightning and other extreme events. For example, a pilot 
study analyzed the relationship between tornados and El 
Niño Southern Oscillation (ENSO) events, helping to 
identify areas with significant tornados and an enhanced 
number of tornado days during La Niña events in the 
central USA region. The plan also includes developing 
numerous options for user-defined climate analysis, such 
as tuning to strong climate events using multiple indices 
of climate variability and critical percentiles of data 
distributions.  

Future goals and applications 

Future plans for LCAT include building the capability 
to extend it to existing data visualization tools and adding 
options for three-dimensional and multiple-site graphical 
capabilities. Additionally, LCAT will be developed for 
climate studies in key environmental and economic 
sectors. For example, to support marine sanctuaries and 
coastal systems, LCAT will have access to NOAA global 
sea level, tidal and coastal surges monitoring data, which 
will enable climate studies at specific harbors or marsh 
habitats. To support renewable energy decisions, LCAT 
will use global surface observation, satellite and reanalysis 
wind, cloud cover, and solar insulation data to allow the 
analysis of local climatology at different heights of the atmosphere anywhere on Earth. Extension to 
reanalysis data will enhance LCAT global applications and enable the potential use of data from Global 
Circulation Models for model inter-comparison on regional scales. The LCAT development plan also includes 
potential access to demographic and biological data to help with holistic environmental climatological 
analysis. 

User engagement 

LCAT was beta tested by approximately 40 NOAA staff, who were eager to start local climate studies. 
Several training events took place to engage beta testers: 

• Live webinars were recorded and provided to users for further reference 

• A training workshop was held, that included instructions on using LCAT, information on data and 
methods used for analyses, practice sessions, and discussions to collect user feedback 

• Fact sheets were developed describing LCAT capabilities 

Feedback from beta testers identified new requirements to be added to the tool prior to operational 
implementation for internal use by NOAA. LCAT’s application for NOAA’s external use requires the 
engagement of users and integration of new requirements.  LCAT’s development is an iterative process of 
user engagement that includes identifying user needs, formulating requirements, and setting priorities; 
coordinating with subject matter experts on best practices for use of appropriate data and scientific methods to 
respond to these needs; building and testing new LCAT capabilities; training, and user feedback. 

This continuous development will ensure that LCAT provides the analysis tools and capabilities to meet 
the needs of a wide range of stakeholders, enabling the interpretation and dissemination of climate data to 
support climate-sensitive decisions. 

 

Fig. 4  Results of a pilot study helps to identify 
areas with significant tornados and 
enhanced numbers of tornado days during 
La Niña events in the central U.S. Orange 
polygon is the area with enhanced 
significant tornados; cyan – area with 
diminished significant tornados; red – area 
with enhanced number of tornado days. 


