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“In meteorology, precipitation is any product of the condensation of 
atmospheric water vapor that falls from clouds due to gravitational pull.” 
(Glosary of Meteorology, AMS, 2019)

What’s relevant? 
Not only amount, but type, frequency, intensity and duration.

Precipitation: What
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Precipitation: When

à Precipitation has been a subject of investigation for thousands of years as people seek to understand its 
impact, such as its correlation with agricultural yields. 

Qualitative records:
– Greece: around 500 BCE (texts like Aristotle's "Meteorology" discuss the concept of rain gauges and reference observing different types of 

precipitation (rain, snow, hail)).
– India: around 400 BCE (The Arthashastra text from India references rainfall patterns and their connection to expected crop yields, hinting at some 

form of observation or measurement.)
– Palestine: around 100 AD (Jewish texts like the Mishnah mention a possible rain gauge used in agricultural practices)

Quantitative measurements: Development of rain gauges
– Palestine: 100 AD
– Korea: 14th Century (the Myeongnyeongsil)

Systematic recording:
– Europe: 17th century (R. Hooke in London)
– US: 18th century

Modern era:
– Standardized networks of rain gauges
– Remote Sensing

References:
- "A history of rainfall measurements” J.C. Willmott et al. (2003) in the Int. J. Climat.
- "The evolution of rain gauges and their use in the measurement of precipitation" by G.J. Young (1994) in Weather
-  “Isaac Newton and the problem of Gravity”, J. Gleick. 

Aristotle’s meteorology
Arthashastra
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Precipitation: How

• In-situ rain-gauges cannot create a gap-free, long-term precipitation dataset since almost 
entirely available over land only, and density is variable. Local topographic features influence 
gauge measurements, and they are affected by wind on the gauge catch, particularly for snow 
and light rain.  

• Satellite measurements have a better spatial coverage globally. Temporal coverage is limited 
though, mostly since the 1990s. Only measurements of instantaneous rate can be made, and 
the algorithms converting radiometric measurements (radar, microwave, infrared) into 
precipitation rates in surface also carry uncertainties.

à Different measurement techniques between ground and satellite measurements, means relative large variability 
between precipitation datasets

• Reanalysis can be used as an alternative to observational datasets, for instance ERA5, which assimilate satellite, 
precipitation radar and gauge measurements. Globally complete, long coverage, but biases are a problem, for 
instance due to unresolved processes relevant to microphysics (clouds) or uncertainties in the parameterisation 
or initial conditions used. 

           à Main problems encountered in tropical oceans, in complex mountain areas, high-latitude regions or areas with sparse
              network of observations  
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• What do scientists need to understand Earth’s weather patterns in relation to climate change?
         Precipitation,  precipitation and  precipitation 

Precipitation: Why

• Changes in climate are not only on temperature, but also affect 
atmospheric moisture and precipitation (among others)

• One of the main components of the water cycle

• It is an important variable relevant for climate monitoring, climate 
analysis, model evaluation, general research, agriculture, water 
resources management, food security, disaster risk reduction, 
health, tourism, etc

• Arguably the most important variable directly affecting humans.
From NOAA website
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Precipitation as an Essential Climate Variable 

The crucial role of Precipitation in climate is
               acknowledged by designating it as an Essential
               Climate Variable

• Relevant
• Feasible
• Cost-effective

à Influences supply of water, causes risks to life and 
livelihoods when associated with floods, landslides and 
droughts, affect infrastructure planning, leisure 
activities, etc.

à Related to cloud properties, ocean surface salinity, soil 
moisture, and others, participates in the release of 
latent heat within the energy cycle and at the heart of 
the hydrological cycle. 

From GCOS Implementation Plan - 2022



Climate
Change - The W(H)-questions [What/When/How/Why]

- Requirements 
- Climate Services – what can we do for you? (C3S), 

- The Copernicus Climate Change Service (C3S)
- C3S offer for precipitation

- Gap analysis & uncertainty
- Summary

Outline



Climate
Change

Requirements on precipitation
Precipitation requirements ensure that climate services for precipitation are comprehensive, accurate, and
actionable for a wide range of users and applications.

• Real-Time Monitoring: High spatial and temporal resolution data (e.g., hourly, daily) is needed to track storms, droughts, and 
other short-term events. This allows for real-time monitoring and early warnings.

• Climate Monitoring: Long-term, consistent and stable datasets 

• Future Predictions: Climate models require comprehensive information about past and present precipitation patterns to 
generate reliable forecasts. This allows for projections of future precipitation scenarios.

GCOS-2016

GCOS-2022
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Requirements on precipitation

Applications:
• Agriculture: Information about total precipitation might not be sufficient. Also need types of precipitation (e.g., rain, snow) 

and its timing to optimize planting and irrigation decisions. 
• Water management: Need information on total precipitation over specific watersheds to manage water resources effectively. 

Understanding spatial distribution of precipitation is crucial.
• Public safety: Need real-time data on heavy rainfall or snowfall to issue warnings and prepare for potential flooding or 

avalanches. Timely data access is critical.

Other requirements:
• Accessibility: The data should be readily available in a usable format for the service's users. Ease of access is crucial for timely 

decision-making.
• User-Friendly Platforms: Accessible and user-friendly platforms or tools for stakeholders to easily interpret and use 

precipitation information.
• Interoperability: Ideally, the data should be compatible with other datasets used by the service for integrated analysis. 

Combining data from different sources can provide a more comprehensive picture.
• Uncertainty: Information about the uncertainty associated with the data is important for interpreting results. Uncertainty 

helps users understand the reliability of the data.
• Cost: The cost of accessing and processing the data should be taken into account. This depends on data source and desired 

features.
• Tailored communication strategies to effectively convey precipitation-related information to different user groups.

• Research and Development: Ongoing research and development to improve precipitation measurement techniques, models, 
and forecasting capabilities.

• Collaboration and Stakeholder Engagement: Collaboration with relevant stakeholders, including government agencies, 
industries, and local communities, to understand their specific needs and tailor services accordingly.
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Climate services – what can we do for you? 

C3S Key achievements:

Ø recognised global voice on climate; informing 
EU institutions, the IPCC and UN institutions.

Ø truly pan-European effort with offices in three 
countries and contracts/agreements/MOUs with all EU 
Member States and Copernicus contributing countries.

Ø informing the global discourse on climate through 
products that have become a common resource for 
many international media outlets.

Ø trusted, authoritative and operational,  source of 
information on climate for European (and global) 
citizens

“Climate services are the provision and use of climate data, information and knowledge to assist decision-
making. Climate services require appropriate engagement between the recipient of the service and its 
provider, along with an effective access mechanism to enable timely action  (WMO, GFCS)”
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The European Vision

2014 
C3S launch

2018 
CDS becomes operational,
Sentinal 3B

2020
European Green Deal,
Sentinel 6

2015
Sentinel 2A, 
Paris agreement

2016
Sentinel 1B & 3A

2017
Sentinel 2B & 5P

2023
Sentinel 4 – part 1

2023
Global Stocktake

2024
Climate Atlas

2023
Sentinel 4 – part 1

2023
Global Stocktake

2024
Climate Atlas
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C3S – the numbers

Registered users
>285,000

External users
Several millions

Requests
800 million

Data downloaded
166 PB

Europe

40.9%
38.8%

Asia

AfricaSouth
America

North
America

8.5%

5.2%

3.9%

Worldwide users
Open climate data has never been more important

1.2%

Oceania
Top 5 dataset

groups
ERA5, ERA5 land, 
seasonal forecast, 
CORDEX, CARRA, 

CERRA, ORAS5, ECVs
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Essential Climate Variables in C3S

Crucial to understand 
changes in our climate. 

C3S responds to 
GCOS and UNFCCC 
implementation needs. 

18
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ECV – Climate Data Records

19

Based on satellite data, 
they monitor trends and 
variability

Involve close 
coordination and 
collaboration with major 
providers (ESA, 
EUMETSAT) and 
Copernicus Services

Their production require 
the expertise of many 
public and private entities 
in Europe



Climate
Change • Provide access to the precipitation data through a harmonized look-and-

feel interface
• Comprehensive Documentation
• Quality Assurance
• Specialised User Support
• Training material
• Use cases
• Data visualisation
• Licenses, references, doi
• Climate Intellligence

C3S offer for precipitation
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Access to in-situ, regional gridded precipitation datasets

• 24h time steps of precipitation dataset.
• Data sources from NHMSs or other 

national data holders. 
• Main applications: validations and 

climate monitoring [assessment of the 
magnitude and frequency of daily 
extremes]. 

o Long-term Alpine precipitation Reconstruction dataset.
o LAPrec was constructed to satisfy high 

climatological standards, such as temporal 
consistency and the realistic reproduction of 
spatial patterns in complex terrain. 

o 1871-2020, 5 km

• Nordic Gridded Climate dataset.
• Finland, Sweden & Norway
• 1971-present
• 1x1 km

• 130 reference stations with 
confidence provided in the form of 
detailed uncertainties.

• Monthly values of accumulated 
precipitation 

• 2006-2022
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Access to remote sensed based gridded precipitation datasets

• Monthly means (since 1979) & daily means (since 1996)
• Microwave imagers on polar-orbiter satellites and infrared imagers on geostationary satellites. 

Rain gauges observations also blended in the monthly product. 

• Global estimates of daily accumulated and monthly means. 
• Based on passive microwave observations from radiometers
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Precipitation in context (15 Feb 2024)
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Blended in-situ and remote-sensed precipitation datasets

• High-res gridded precipitation from a collection of sources. Used to study weather extremes and climate trends. 
• CHIRPS: Africa [gridded rainfall using in-situ & satellite à for trend analysis and seasonal drought monitoring
• CPC: CONUS
• CPC, GPCC, IMERG: Global
• CMORPH: Quasi-global [main source is low orbiting satellite microwave observations]

• Data collated, reconciled and harmonised.
• Users with new sources can contribute by uploading data, via the data 

deposition service.  
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Precipitation estimates from Reanalysis

ERA5 biases

Lavers et al., 2022 (QJRMS)

• Larger errors are found in the 
Tropics.

• The errors grow in the summer 
Extratropics.

•  the errors in the Tropics move with 
the intertropical convergence zone.

• users can have confidence in ERA5 
precipitation in extratropical regions.

• it is recommended that ERA5 is 
mostly used for extratropical 
precipitation monitoring.

• ERA5 atmospheric reanalysis
• 31 Km
• 1940-present

Global reanalysis

• European Arctic CARRA reanalysis, 1990-present, 2.5 km
• European CERRA reanalysis 1984-2021, 5.5 km

Regional reanalysis
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Precipitation in context

Extreme precipitation statistics for Europe

Source datasets: 
• ERA5 
• E-obs 
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Precipitation in context

White, white, wet: when might we have our last Christmas?

• Explores how the 
percentage of winter 
precipitation that falls as 
snow might change over 
the coming decades.

• Data source: CMIP6  
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Precipitation in context
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Media impact

ESOTC MEDIA MENTIONSEVOLUTION OF MEDIA COVERAGE
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European State of The Climate (ESoTC)

The ESOTC report includes a snapshot of the global context during the 
year, a more comprehensive overview of conditions in Europe, and a focus 
on the Arctic. It provides a detailed analysis, with descriptions of climate 
conditions and events, and explores the associated variations in key 
climate variables from across all parts of the Earth system. 
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Climate Bulletins

• Presentation of the current condition of the 
climate using key climate change indicators, 
as well as analysis of the maps and guidance 
on how they are produced.

• Data sources: ERA5 and ERA5-Land
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• Provide access to the precipitation data through a harmonized look-and-feel 
interface

• Comprehensive Documentation
• Independent Evaluation and Quality Control
• Specialised User Support
• Training material
• Use cases
• Data visualisation
• Licenses, references, doi
• Climate Intelligence derived products
• Applications tailored to different sectors
• …

Summary: What can climate services do for you?
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• Using WMO OSCAR/Space:
– Precipitation (liquid or solid)
– Precipitation intensity at surface
– Accumulated precipitation over 24h

• Using the “evaluation of measurements”
– 1-5 scale indicates relevance of an instrument to observe a given 

geophysical variable

Precipitation Gap Analysis - EO missions
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Precipitation (liquid or solid)

• 3D field of the vertical flux of precipitating water mass 
(precipitation intensity)
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Precipitation intensity at surface (liquid or solid)

• Intensity of precipitation reaching the ground - Physical unit: [ mm/h ] (if solid, mm/h of liquid water after 
melting) - Accuracy unit: [ mm/h ]. Since accuracy changes with intensity, it is necessary to specify a 
reference intensity. Assumed rate: 5 mm/h.
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Accumulated precipitation (over 24h)

• Integration of precipitation rate reaching the ground over several time intervals. The reference requirement 
referes to integration over 24 h. 
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Copernicus micrOwave-based gloBal pRecipitAtion dataset (COBRA)

• Global daily and monthly precipitation rates [mm/d]
• 2000-2017
• 1° × 1°
• PNPR-CLIM (MHS & AMSU-B) & HOAPS v4(SSM/I, SSMIS, AMSR-E, 

TMI) algorithms

AMSU-B
MHS
MHS

SSM/I

SSMIS
AMSR-E
TMI
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COBRA target requirements

Monthly mean precipitation (reference is GPCP v2.3 monthly)
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Requirement: All datasets should incorporate meaningful estimates of uncertainty.

 COBRA:
- Precipitation stdv: monthly mean of intra-platform standard deviation derived from hourly values
- Quality flag Index; from 0 (high quality) to 3 (poor quality) à product quality and reliability

Uncertainty

Year 2017
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Climate
Change • Climate services bridge the scientific climate knowledge with end user requirements.

• User requirements may vary widely depending on the objective and the application.

• The current C3S offer for precipitation is very extensive, including multi-decadal in-
situ and satellite-based data records, reanalysis, projections and user applications. 

• Based on WMO OSCAR/Space, the basis to continue producing a European-based 
microwave precipitation climate data record is guaranteed

• While precipitation datasets come associated with some form of uncertainty, 
determining the optimal utilization remains an ongoing challenge. 

Take home messages
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with the current options? 
• Have we considered factors such as accessibility, cost, and 

sustainability?
• What specific gaps do we aim to address? 
• Which applications are in need of improvement?   
• Where should our focus lie? 
• Are emerging applications demanding new resolutions? 
• What breakthroughs are we targeting? 

Some further questions


