Open issues regarding climate data management
for the development of CDMS and climate data sharing. 



1. 	Introduction

	This document is intended to draw attention to some climatological issues that need to be clearly addressed within CCL. These issues are critical not only for CDMS developers but also for the climatological community to have a clearly defined policies and procedures concerning the quality of climate data delivered by NMHSs.

	There is a need for effective guidance on the followings climatological components, outlined in WMO publication N° 1131: 

· Data nomenclature:
· Authoritative taxonomies and code lists.
· Common and consistent definitions of key datasets to be maintained by the NMHS, including common dataset names and service names.

· Data quality control:
· Common definitions of data quality.
· The establishment of a quality assessment classification for derived data.
· A consistent way of determining data uncertainty.

· Data generation
· A common definition of a climatological day, hour and so forth.
· Common policies for handling missing data when creating derived data.
· Common policies for deriving data when input data have differing levels of quality. For example, policies covering: The calculation of monthly averages when daily data are at different levels of quality.

· Best practices for data homogenization.


2. 	Climate Observations: nomenclature

	Observations include measurements made by observers, traditional sensors and remote sensors. The list provided in WMO publication N° 1131 is based on the ECVs published in 2010 by GCOS. In order to share climate data between organizations or make meaningful comparisons between information from datasets provided by different publishers, it is highly recommended that climate data conform to a logical data model. 
	Though there is a need to have a list of common nomenclature with abbreviations especially for derived parameters and how they are calculated. As an example Daily Mean Temperature which could be calculated in different ways depending on the data available: maximum and minimum temperatures or subset of hourly temperatures.

	Having also standards abbreviations may be of great value, as is the case for climate indices, such as DMT for "Daily Mean Temperature" which should be different from "Daily Mean Temperature 24H" computed from 24 hourly data and having as abbreviation DMT24 and so on (DMT8, DMT4 etc).


3. 	Data Quality Control

	There is a need to move towards a more objective way of defining the quality of observations data. This will help to ensure that quality assurance processes within an organization are clearly defined and understood by all the climatological community and users.
	
	Though, objective quality classifications are required to support a consistent approach within the global WMO community so that data can be:

· Objectively compared to ensure that data of similar quality can be compared and analysed as required. 
· Stored and easily retrieved from a climate database. It is becoming increasingly apparent that organizations will need to retain observations at multiple levels of quality from the raw observation through various edit and analysis processes in order to demonstrate the true lineage of a record and explain and justify the changes made to the raw observations. 

3.1. Observation Quality Control

	There is a need to have clear and defined sets (levels) of quality control of climatological data that will help NMHS in their quality assurance processes. The following types of controls should be clearly defined for each parameter and separated on levels that take into account the capacities of NMHS to undertake each set.

A. Consistency checks

	This component covers a range of tests to ensure that inconsistent, unlikely or impossible records are either rejected or flagged as suspect. A manual investigation may then assess the validity of the suspect values. It includes the concepts of internal, temporal and summarization consistency checks as discussed in the Guide to Climatological Practices (WMO-No. 100), section 3.4.6 Consistency tests. 
Some examples are: 
· Is the minimum temperature lower than the maximum temperature? 
· Is the maximum temperature within the historical range for maximum temperatures for a given station?

B. Data comparison

	This component covers a series of tests that use and cross-reference data from a number of sources to validate suspect observations. 
Some examples of datasets that may be cross-referenced are: 
· Observations data showing daily precipitation at a station 
· Radar data covering the station 
· Synoptic forecast charts 
· Satellite imagery 

C. Heuristic checks

	This component refers to a set of tests that rely on experience and knowledge of observation processes, techniques and instrumentation to detect inconsistent, unlikely or impossible records and flag them as suspect. A manual investigation may then assess the validity of the suspect values. 
Some examples are problems typically caused by: 	
· Inexperienced operators. 
· Instruments that are not or are incorrectly calibrated. 
· Operator behaviour or organizational policy, for example not recording rainfall data over a weekend period and aggregating the results on the following Monday. 
· Known deficiencies in observers handling data such as evaporation-related observations. 
· Changes over time caused by changes at an observation site. For example, a shift in the magnitude of wind recorded from a specific direction may be an indicator of a problem at the site location, such as a new building structure or trees obstructing the flow of the wind in that direction. 

D. Statistical checks

	This component covers a number of tests that statistically analyse historical data to detect inconsistent, unlikely or impossible records and flag them as suspect. A manual investigation may then assess the validity of the suspect values. 
Some examples are: 	
· Climate tests that highlight extreme climatic values, such as a record maximum air temperature. 
· Flatline tests where a constant value exceeds the specified limit in a time series, for example when the station air temperature remains constant for 12 hours. 
· Spike tests conducted in a time series to identify data spikes exceeding a specified limit, for example when a three-hourly air temperature observation is at least 50 degrees colder than all others during the day. 
· Rapid change tests conducted in a time series to identify rapid changes exceeding a specified limit, for example when a 100 cm soil temperature suddenly changes in consecutive 3-hourly observations from a relatively stable 22°C to 38°C for all following observations. 

E. Spatial checks

	This component covers a range of spatial tests to detect inconsistent, unlikely or impossible records and flag them as suspect. A manual investigation may then assess the validity of the suspect values. 
Some examples are: 
· Comparing the results of a time series of observations at a given station with those at nearby stations. 
· Using a Barnes or similar analysis to derive spatial patterns against which anomalous and possibly erroneous station values stand out. 

3.2. Quality flag

	There is a need to define a multilayer quality flags that reflect the quality controls that a given specific record of data has passed through. This will facilitate: 

· Future analysis that requires data of a specific quality flag value. 
· Communication on the assessed quality of records. 

	The best description to date on how to define this classification may be found in the Guide to Climatological Practices (WMO-No. 100), pp. 3–8 to 3–9. This reference describes a way of flagging quality based on a combination of: 
· Data type (original, corrected, reconstructed or calculated) 
· Validation stage 
· Acquisition method 

	This approach is still quite limited. It does not provide a clear way of determining just what level of quality control a record has been subjected to. While the classifications are relevant and relate to the perceived quality of a record, they do not allow for an explicit comparison of data of similar perceived quality. Defining levels of quality control is crucial for the definition of this flag.


3. Data Generation
	
	The followings considerations need to be addressed in data generation:

· Clear definition of methods and algorithms to generate data. 
· A common definition of a climatological day. 
· Clear definition of rules relating to the management of missing observations. 
		
	As an example, CCL ET-CDMS considered that there was too much uncertainty around certain aspects of the normals calculation (e.g., the rules for missing data, short-period records, inhomogeneous series), and therefore that it was not practical as yet to encode such a procedure within a CDMS.

	An update to the current Guidelines on how to compute the climate normals (WMO-TD No.1377; WCDMP- No. 61) is required and also for the computation of any normals and averages used by NMHSs. For example computation of: 
· Averages over specified time periods (daily, hourly, 5 days, 10 days, monthly and so forth) 
· Period averages for any period (for example 5, 10, 30 or 100 years) 

	Some inconsistencies have also been found in a number of WMO guidelines. For example, conflicting approaches regarding the handling of missing observations when computing a daily or monthly average, and especially regarding the handling of a number of consecutive missing data, are presented in: 
· Guide to Climatological Practices (WMO-No. 100) 
· Calculation of Monthly and Annual 30-Year Standard Normals (WMO/TD-No. 341), WCDP-10 
· Handbook on CLIMAT and CLIMAT TEMP Reporting (WMO/TD-No. 1188) 

	Inconsistencies in WMO guides have also been noticed regarding the generation and storage of observations data recorded at minute frequency and the generation of hourly observation data. For example, the definition of climatological days may differ: 
· Between NMHSs 
· Between different stations within a single NMHS 
· Over time within the same NMHS 
· Between a given NMHS policy and the method applied by the software used in automatic weather stations (which often appear as a black box to NMHSs). For example, a climatological day could represent the following time periods: 
· From 0000 LST to 2300 LST 
· From 0100 LST to 0000 LST the next day 
· From 2346 LST the previous day to 2345 LST the current day 
· From 0900 LST the previous day to 0900 LST the current day 

	There are also inconsistencies due to the use of either local standard time or daylight saving time. The same issues apply to the definition of a climatological hour.

Calculation of more elaborated indices computed from observations for NMHS products shall be in accordance with the climatology policies in place with very clear definitions and algorithms. 
Some examples are: 
· Data generation of accumulation, averages or extremes, such as generating ten-day data from daily data or daily data from hourly data. 
· The generation of particular data derived from raw data, such as computing the potential evapotranspiration output for agricultural purposes. 
· The generation of any statistical parameter required for products, such as extreme value analysis, homogenized data and others. 
· Climate indices such as computed teleconnection indices.


4. Data Homogenization 

	This component refers to analysis of high-quality observations data and metadata to develop high-quality homogenized time-series datasets. Such new datasets aim to ensure that the only variability remaining in the time series is that resulting from actual climate variability. There is a need to use similar and well documented data homogenisation techniques within the climatological community and to use a quality flag depending on the method used to develop the new datasets.

For more information, see: 
· Guidelines on Climate Metadata and Homogenization (WMO/TD-No. 1186), WCDMP-53 
· Trewin (2012) provides a good case study 
· ETCCDI website 
· The different homogenization packages available on the data-rescue website of the WMO Regional Association VI (RA VI) and CCl Task Team on Data Rescue (TT-DARE) 
· The European project – Advances in homogenisation methods of climate series: an integrated approach HOME (ACTION COST-ES0601, 2014) 



