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Who reads it?
Key decision makers from national weather 
services, environmental agencies, research 
institutions, space agencies and multiple 
operators in aviation, infrastructure, public 
protection, energy generation, military, 
transportation, agriculture and more.

Supporting the sector
Meteorological Technology International provides ongoing support and 
sponsorship for other important industry events. You will find our magazine 
distributed at key industry meetings such as: AMS Annual Meetings, European 
Meteorological Society meetings, Eumetsat Conferences and our own 
Meteorological Technology World Expo events in Europe and North America.

Growing relevance in an uncertain world
Meteorological Technology International is the only international magazine 
dedicated to the technologies and methods used to protect people and 
property from the worst effects of the weather, and to provide weather-sensitive 
businesses with tools to improve performance, safety and protect profits.

We bring unique perspectives, by investigating the very latest developments in 
the weather, environmental and hydrological business, with contributing authors 
from world-class institutions and research organizations. 

Mixed with technical white papers from the best technology and service 
innovators worldwide, and case studies from multiple industry sectors, this is the 
richest and most informative content of its kind.
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In accordance with US 
President Joe Biden’s 
Bipartisan Infrastructure Law 
– a once-in-a-generation 
investment in modernizing US 
infrastructure – commerce secretary 

Gina M Raimondo announced in June 2022 that 
nearly US$3bn would be made available to the 
National Oceanic and Atmospheric 
Administration (NOAA) over a five-year period.

The funding will be split between three major 
initiatives: nearly US$1.5bn to create 
‘climate-ready coasts’, investing in natural 
infrastructure projects to build coastal resilience, 
create jobs, store carbon, remove marine debris 
and restore habitat; more than US$900m for 
climate data and services to help address the 
climate crisis by putting critical information and 
tools in the hands of decision makers, particularly 
to address f loods, wildfires, drought and ocean 
health; and nearly US$600m for fisheries and 
protected resources, to help restore important 
fishery habitats and promote community 
economic development. 

For climate data and services, the funding will 
be spread across nine areas:

Flood and inundation mapping and forecasting
NOAA will receive US$492m over five years for 
coastal and inland flood and inundation mapping 

and forecasting, as well as 
next-generation water modeling activities, 
including modernized precipitation frequency 
and probable maximum studies.

Tom Graziano, director of the Office of Water 
Prediction at NOAA, said, “For more than two 
decades, the emergency management community 
has articulated a need for real-time, street-level 
f lood inundation maps depicting the areal extent, 
depth and infrastructure impacted by flood waters, 
to inform critical decisions that save lives and 
property before, during and after a f lood event.”

As part of the initiative, NOAA will collect 
and integrate high-resolution bathymetric and 
topographic data by aircraft and vessels to 
advance and implement f lood and inundation 
forecasting and mapping capabilities and related 
services. In addition, NOAA plans to develop a 
high-resolution impervious surface map for all 
coastal areas of the USA and its territories.

A cross-industry effort will be made to update 
and revise Precipitation Frequency Atlases for the 
USA, including probable maximum precipitation. 
These updates and revisions will account for 
climate change and will be publicly available. 

NOAA will improve overall ‘forecasting skill 
and services’ through the next generation of 
NOAA’s National Water Model Framework, 
coupling advanced inland and coastal models 
used to generate total water level forecasts and 
flood inundation maps for rivers and coasts and 
incorporating water quality. This will expand 
NOAA’s f lood inundation mapping services 
from 480km to more than 5,400,000km of rivers 
and streams.

“A focus will also be placed on transforming 
the customer experience and service delivery to 
provide decision makers with the actionable 
information they need to prepare, adapt, mitigate 
and respond to water-related challenges, 
particularly historically underserved coastal 
communities,” added Graziano

Ocean and coastal observing systems (National 
Ocean Service) and ocean and coastal observing 
systems (National Weather Service)
Investments in coastal, ocean and Great Lakes 
observing systems (US$100m over five years, 
US$50 in FY2022) will fortify and modernize 
existing observation assets to ensure their 
long-term reliable support of the US economy, 
coastal resilience, resource management and 

MAIN:  NOAA will transform 
water prediction within five 
years by delivering the first-ever, 
coupled, continental-scale, 
operational coastal and inland 
flood forecasting and inundation 
mapping services

LEFT:  Improved data collection 
will help weather forecasters 
especially for fire weather, 
climate, drought and water levels

NOAA’s flood and inundation 
mapping services will be 

expanded from 480km to cover 
more than 5,400,000km of  

rivers and streams
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CLIMATE 
READY

The Biden Administration has awarded NOAA nearly 
US$3bn in funding to strengthen US climate resilience

Dan Symonds
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Mauna Loa Observatory Trouble in 

paradise

N
OAA will undertake a series of upgrades to its 

Mauna Loa Atmospheric Baseline Observatory  

once road access has been restored following the 

eruption of the Mauna Loa volcano in November 

2022. The redevelopment will modernize the site’s 

aging infrastructure and renovate the historic 

Keeling building. Solar generation capabilities will be 

increased, and the installation of a battery power backup 

system will reduce the risk of future disruptions. The project 

will also boost the observatory’s scientific capabilities and 

create new opportunities for research collaboration.

The observatory is the benchmark sampling site for 

monitoring global climate change and is located at an 

elevation of 3,396m on the north flank of the Mauna Loa 

volcano on Hawaii’s Big Island. The facility has operated 

since 1957 and consists of more than a dozen small research 

buildings across a 3.2ha campus.

Observatory operations were curtailed by Mauna Loa’s 

eruption, which buried about 1,829m of the access road and 

electric poles under as much as 9m of lava. Although the 

facility lost power, the campus itself was not threatened  

and a temporary observatory was established at Maunakea,  

a dormant volcano 34km north of Mauna Loa.

Big picture
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F ollowing the receipt of a grant from  
the European Research Council (ERC) 
earlier this year, work on the Advancing 
Subseasonal Predictions at Reduced 
Computational Effort (ASPIRE) project  
at the Karlsruhe Institute of Technology 

(KIT) officially begins on September 1, 2023. 
Led by KIT meteorologist Dr Julian Quinting 

(above), the project will look to improve not only 
the precision of subseasonal forecasts (three to  
six weeks) but also reduce the computing effort, 
which would lower costs and energy use as well as 

greenhouse gas emissions. Quinting believes that 
recurring signals in the tropical Pacific may hold 
the key as they have a major influence on 
atmospheric circulation in Europe.How will ASPIRE leverage AI and machine learning?

The use of ML in ASPIRE is twofold. First, it  
will be used to generate probabilistic weather 
forecasts from deterministic – single-valued – 

FORWARD     THINKING 
A project to improve subseasonal forecasts at reduced computational power is now underway at Germany’s Karlsruhe Institute of Technology 

model output. For this purpose, ASPIRE will 
adopt a recent approach that was successful  
in generating probabilistic predictions at 
comparably low costs.1 The second approach involves the Icosahedral 

Nonhydrostatic (ICON) weather forecast model 
developed jointly by the German Weather Service 
and the Max Planck Institute for Meteorology.  
The ICON model allows users to locally refine the 
numerical grid to resolve small-scale atmospheric 

processes and feed back information from this 
region of high resolution to the global domain. 
The core aim of ASPIRE is to emulate this 
feedback with ML and thereby reduce 
computational costs. This approach is novel, but 
related to other recent successful approaches.2What are the key benefits of using AI and ML  

in this project?The key benefit of using ML in ASPIRE is to 
reduce computational costs compared with 

Tech insider: ASPIRE

Tech insider: ASPIRE
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current operational practices. If successful, this 
will allow weather services to redistribute their 
computing resources. For example, if it is possible 

to generate probabilistic predictions from 
deterministic model output, weather services 
currently running large ensembles could use 
available computing resources for deterministic 
forecasts at higher resolution. In a recent project 
we showed that replacing traditional numerical 
approaches with ML reduced computational costs 

substantially while yielding the same accuracy.3 
Further, studies at our institute have revealed  
that ML-based probabilistic predictions of 
precipitation can actually outperform global 
numerical weather prediction models.4How do they help improve accuracy?

Within ASPIRE, improved accuracy will most 
likely result not directly from ML but from the improved representation of small-scale atmospheric processes due  to higher resolution of the numerical weather prediction model. However, forecasts  at that high a resolution  go beyond the operational capabilities of weather services. Accordingly, ML improves accuracy indirectly as it emulates the effects of the high resolution  

at lower computational costs.
What are the challenges in the use of AI and ML 
for weather forecasting?The first challenge is probably to bring about  

a mindshift so that in a discipline based on 
fundamental laws of physics, AI and ML will  
find equal acceptance. On the technical side,  
the challenges are also very complex:
1. Physical conservation laws have to be fulfilled.
2. Purely data-driven models (Pangu-weather, 
GraphCast, FourCastNet) are still trained and 
initialized with data from numerical weather 
prediction models, but it is not yet clear how to 
best do data assimilation with these models. 
Further, we still need to find out how well these 
models generalize from our present climate to  
a warmer climate.3. When emulating processes in numerical weather 

prediction models with ML, the models may have 
to be retrained as soon as there is an update of the 

numerical model. Therefore the possibility of 
transfer learning will gain importance.What do you believe the future holds for AI  

and ML in weather forecasting?From my point of view, the future of AI in weather 

forecasting is multifaceted. If we take the purely 
data-driven models as one example, new options 
arise because it will be possible to generate very 
large ensembles that will hopefully further 

improve probabilistic forecasts. If we succeed  
in generating data-driven ensembles that are 
capable of predicting extreme weather events 
well, it is conceivable that in the long term, 
numerical weather prediction models will be 
supplemented by data-driven models in 
operational use. In the long run, however, the question also 

arises as to how the purely data-driven models 
can be improved. In numerical forecast models, 
we knew that an improved representation of 
physical processes usually leads to an 
improvement of the model. But what is the 
approach for improvements in models that do not 

necessarily follow physical laws? Including known 

physics into a trainable network is one potential 
way forward. Last but not least, will we need 
reanalysis data with kilometer-scale resolution 
that better represents convective-scale processes?Do you believe all meteorological departments 

should now be using AI/ML?Many meteorological departments already use 
some kind of AI/ML, for example by emulating 
certain model schemes or by the post-processing 
of forecasts. To better understand where along the 

entire weather forecast chain the employment of 
AI would be most beneficial, we are currently 
running a project called TEEMLEAP (a new 
Testbed for Exploring Machine Learning in 
Atmospheric Prediction) at KIT.5 The overarching 

goal is to answer the fundamental question of 
whether we should try to integrate data-driven 
approaches into physical models in the future, or 
whether learning architectures that take physical 

constraints into account are a more promising 
and efficient approach. To answer the question specifically: AI/ML  

has enormous potential and meteorological 
departments will not be able to avoid using these 
technologies. At the same time, it is important  
to say that we still need traditional numerical 
weather forecast models – without them, there  
will hardly be any training data for ML models.What does the future hold for ASPIRE?

Seeing the enormous progress in the last 12 
months, the question is how to best generate 
skillful fully AI/ML-based forecasts beyond  
seven days. Pursuing this complex question and 
developing solutions will be a great challenge  
that ASPIRE is happy to take on. z

See our cover story, Watch and learn, on page 32 for more about the latest applications for AI and ML in meteorology, and how recent advances are helping forecasters to make predictions in a matter of seconds 

References
1) https://journals.ametsoc.org/view/journals/mwre/150/1/MWR-D-21-0106.1.xml2) https://agupubs.onlinelibrary.wiley.com/doi/10.1029/ 2021MS002794

3) https://gmd.copernicus.org/articles/15/715/2022/4) https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2020GL0910225) https://www.imk-tro.kit.edu/english/5877_11188.php

LEFT:  Julian Quinting has been a KIT research associate since 2018 TOP:  Example of a forecast with Pangu-Weather (left) and the ICON model (right). Images show mean sea level pressure (black contours in hPa) and equivalent potential temperature (shading in °C). The forecasts were initialized on July 4, 2023, 12 UTC and show a mid-latitude low-pressure system over the North Sea region
ABOVE:  Recurring signals in  the tropical Pacific influence atmospheric circulation in Europe
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Nowhere to hide

M
ethaneSAT, a subsidiary of the non-profit 

Environmental Defense Fund, has deployed a new 

methane measurement technology aboard a 

specially equipped jet aircraft to measure and 

track methane from oil and gas operations across 

North America. Operating from local airports, 

MethaneAIR will map and quantify emissions encompassing 

roughly 80% of US onshore production.

MethaneAIR measurements will inform and augment 

orbital data collection by MethaneSAT, a satellite now in final 

testing and scheduled to launch aboard a SpaceX Falcon 9 

rocket in early 2024. Data from both instruments will be 

available at no cost, enabling stakeholders worldwide to see 

and compare the results over time. 

The highly sensitive imaging spectrometers used by 

MethaneAIR and MethaneSAT will measure methane in the 

atmosphere with unparalleled sensitivity, making it possible 

to determine total methane emissions over wide areas for 

the first time, including detailed maps of large sources and 

countless smaller ones down to 3ppb. Automated analytics 

developed by MethaneSAT will track emissions back to their 

source. Like MethaneSAT, MethaneAIR will also measure 

emissions from agriculture, landfills and other sources.

Big picture
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