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1. INTRODUCTION
This Statement of Guidance (SoG) was developed through a process of consultation within the Commission for Climatology (CCl) community to document the observational data requirements to support various aspects of the CCl-work, especially in the applications and services (cf. Annex 1). It is expected that the Statement will be reviewed at appropriate intervals to ensure that it remains consistent with the current state of the relevant science and technology.
This report covers data requirements for various climate services, in which many present problems are connected to climate change issues, including monitoring, detection and attribution. Because attribution involves the comparison of three-dimensional fields of observations with fields from models covering the whole climate system, data types for many parts of the climate system are involved. 
Detection should be based on analysis of high-quality homogeneous data. GCOS baseline systems, especially the GCOS Surface Network (GSN) and the GCOS Upper-Air Network (GUAN), are essential benchmarks to ensure the homogeneity of the overall global/regional databases. Other networks need also to be consolidated and maintained, including national networks (e.g. Reference Climatological Stations) and regional networks (e.g. Regional Basic Climatological Network), with emphasis on their continuity and homogeneity. Contributions from satellite observing systems are crucial as well.
For monitoring climate change, data on variability and extreme events are essential. The most common and high impact manifestations of local variability involve temperature and precipitation, which show significant variability in most regions, and have marked effects on local and regional economies and livelihoods. Multi-seasonal anomalies are less common, but have even stronger effects on society. Multi-year anomalies are still less common, but can have devastating social and economic consequences.   

Important phenomena to be monitored include heat waves, frost, cyclones, floods and droughts and a number of other characteristics derived from the basic climatic parameters. This requires daily and even hourly data for some variables. Data archaeology and metadata are also important. Maximum focus in the past has been on the atmosphere, but increasing emphasis needs to be placed on the terrestrial and ocean components of the climate system. Monitoring sea-level rise, for instance, is vital for climate change adaptation efforts in coastal or island communities. Paleoclimatic data are also used to provide a long-term perspective.
Because extreme events can cause significant damage as well as loss of life, these aspects of climate variability are crucially important to society. It cannot be overemphasized the importance of sharing the longer-term records of daily data to enable studies of high impact climate events in a uniform way. Nevertheless, it has been much more difficult to create global data sets of daily data than of monthly data. 
The IPCC 4th Assessment Report (2007) has reviewed the state of understanding of climate change. An important development in the report was the assignment of error estimates to some climate indices and analysed fields. Data coverage needs to be sufficient to allow these developments to continue. Data quality assurance is most essential in order to separate the real climate changes from the apparent ones caused by changes in the measuring instruments and observing methods/ locations, and errors in the data. It should also provide a means of providing feedback on climate needs to observational program managers within the NMHSs. 
The GCOS Second Report on the Adequacy of the Global Observing Systems for Climate in Support of the UNFCCC (2003) provides a complete assessment of the adequacy of current observing systems, particularly to meet the needs of the UN Framework Convention on Climate Change. An update of progress against this report is available in GCOS (2009). The GCOS Climate Monitoring Principles, which are included therein (also in Annex 2), must be adhered to when planning, developing and operating all observing systems relevant to climate change, including both in situ and satellite-based systems.

2.  BACKGROUND TO USER REQUIREMENTS
This section is shortened and modified from the document “Observation needs for climate services and research” describing the needs for climate data in community sectors identified for consideration at the World Climate Conference (2009). They reflect also the work of the corresponding CCl Expert Teams (Annex 1).
Human health

Climate is a major determinant of human health; as the temperature and humidity move outside relatively narrow bands, the well-being of humans is reduced.  Health effects can be direct, such as through increased heat stress in periods of sustained unusually high temperature, or indirect, such as through respiratory diseases induced by particulate pollution in the air, through changes in the distribution of insects and animals that carry human (and animal) diseases, and through changes in water quality.  

As many health effects tend to be quite localised, it is important that climate observations are maintained at local scales, especially in urban areas.  These climate observations include not only physical variables such as temperature and humidity but also chemical variables (e.g. sulphur dioxide and oxides of nitrogen) and aerosols. Such observations need to be analysed in conjunction with concomitant health data.

Energy

In many regions the local climate has a substantial impact on the availability and use of energy.  Hydro-electricity is a source of energy in some mountainous areas.  As global warming is starting to influence the seasonal cycle of snow and glacier melt, and change precipitation patterns, the operation of such power plants is being affected.  Wind and solar power generation is clearly dependent on climate information, both for selecting sites for infrastructure and for sustained operation.  Decadal-scale and longer-term climate fluctuations or climate-change shifts may affect the long-term efficacy of wind and solar power sources in some regions. Climate information is also needed for the design of energy efficient buildings for all seasons as well as to decision-making on where best to locate biofuel sources.
Climate data needs for wind and solar energy (from CCl Expert Team on Climate and Energy)
-   at present, satellite-derived wind data are not as accurate as in situ observations, but are useful for pre-feasibility wind resource estimation.

-  for risk assessments, there is a requirement for measurement of natural turbulence in the atmospheric boundary layer, in addition to the conventional observations which include surface and radiosonde measurements. It should be noted that operational wind farms can generate both turbulence and wind ‘shadows’ which are a hazard for small airstrips.

-  highly useful are (i) reanalysis data from the ECMWF, NCEP, JRA, (ii) satellite observations, and (iii) other remotely sensed data from LIDAR-and SODAR-systems.  

Fresh water (in a more detailed way in the SoG for Hydrology)
In many regions of the world, the availability of fresh water is becoming an important limiting factor on the development of communities. The increase in evaporation associated with continuously rising temperatures and changes in precipitation patterns will need to be recognised and managed in the future. This and other climate impacts will interact with societal decisions on water rights and water use, both within a nation's territory and among regional neighbours.

Monitoring of climate variables associated with the availability and quality of fresh water requires systematic observations of the basic atmospheric variables, such as precipitation, evaporation, temperature and wind, as well as hydrological variables that characterise the storage and movement of water at the land surface.  Apart from precipitation and evaporation measurements, which are vital for assessing overall water balance, the other atmospheric variables allow the flux of water across the atmosphere-land interface to be estimated accurately, while the hydrological variables such as stream-flow and soil moisture allow the water budget across catchment areas to be calculated.  Given the increasing use of ground water resources for human consumption in many parts of the world, it is important to place greater effort on the monitoring of ground water storages and changes.

Sustainable cities

In many countries, there is a trend towards increasing urbanisation; thus the impacts of climate variability and trends on urban areas need to be well understood.  Detailed climate observations and the associated socio-economic data need to be collected systematically and analysed carefully to ensure that optimal strategies are developed to manage climate impacts.  Issues to be understood and managed include: 

· the impact of urbanisation on regional climate

· building design to mitigate and adapt to climate changes

· urban planning to optimise energy use, especially for transport

· human health impacts of air quality and physical climate changes

· management of water supply and drainage systems

· urban planning to mitigate and adapt to sea-level rise

· urban planning and neighbouring forest management to provide security against fire and flood risks
Food security (in a more detailed way in the SoG for Agricultural Meteorology)
The challenges for agriculture are being exacerbated in some regions as climate change modifies the local temperature and rainfall regimes.  Moreover, limited land availability, combined with rising human population, continually forces agriculture into more marginal land.  The location of land suitable for grazing or crop production will change as climate changes, and the need for forecasting or early warning of herd collapse or crop failure due to drought or heavy rain or shifts in disease incidence (plant and animal) is already very real.  Long-term monitoring of basic climate variables, related to the fluxes of energy at the surface, is essential if we are to plan for changes in the location, extent and productivity of agricultural and grazing lands.
Tourism (from World Climate News, March 2008)
The tourism industry and tourism destinations are sensitive to climate variability and change. Some changes in climate could have significant impact on various aspects of the tourism sector, for example:

· Warmer temperatures would affect seasonality, increase heat stress for tourists, raise cooling costs, and could change the range of infectious diseases;

· Decrease in snow amount and extent could increase snow-making costs, and decrease the length of winter sports seasons, making some current facilities unviable;

· An increase in frequency or intensity of extreme weather (e.g. tropical cyclones, hurricanes, mid-latitude winter storms) would increase risk for people and infrastructure, raise insurance costs, increase the costs of business interruptions including travel delays;

· Reduced precipitation would create or increase water stress, could cause or increase competition between tourism and other users for water, could affect availability of locally-produced food, would exacerbate desertification and increase the threat of wildfires, with consequent threat to infrastructure and tourist safety;

· Increased frequency of heavy precipitation would increase risk of flooding, affecting safety of tourists and their hosts, increasing risk to tourism infrastructure and to cultural heritage assets, a major draw for destination choices;

· Sea level rise will increase coastal erosion, reduce beach area, increase costs of protection and decrease use of waterfronts, and would  reduce availability of freshwater supply through salt water intrusion;

· A rise in sea-surface temperatures would increase risk of coral bleaching, and affect marine resources (including availability of marine food supply);

· Changes in climate could affect the aesthetic quality of tourism areas, and cause harm to the local ecology and biodiversity.
Vulnerability to these potential impacts is of particular concern where tourism has become a significant factor in the local and national economy, as is the case in many developing countries and Small Island Developing States.
3. BACKGROUND TO OBSERVING CAPABILITIES 
This section is based mainly on the World Climate Conference document “Capability of existing and future observing systems” as well as the deliverables of CCl Expert Team on Observing Requirements and Standards for Climate and Expert Teams on various application areas (cf. Annex 1).
The adequacy of observational networks varies largely from region to region and observations for some of the variables described below are inadequate in terms of spatial and temporal coverage. It needs to be noted however, that observational requirements over the oceans are not reflected in this Statement of Guidance and terrestrial observations are handled in a limited way.

Weather data are necessarily needed to enable the development of climatological applications and services necessary to manage sectoral challenges such as those outlined above. The data are used by the NMHSs and their partner agencies in a variety of projects and other studies aimed at mitigating climate-related risk and losses.

Climatological parameters are variable in time and space. Ground observations do not always provide end–users with required spatial and temporal resolution. Information about large areas can only be obtained by remote sensing. The flow of data from new generation satellites has the potential to greatly boost the monitoring of climate beyond that possible from conventional observations alone, but poses challenges to ensure such data are effectively integrated with traditional observations. 

In addition to the standard weather elements (air temperature, precipitation, relative humidity, wind speed/direction, solar radiation, soil moisture, etc.), it is important to collect also other data e.g. information on disasters (tropical systems, severe weather, floods, fires, freezes, blizzards, ice storms, volcanoes, tsunami’s, etc.) at strategically located stations. In order to adapt successfully to climate change it is also important to assess how responsive current climate-sensitive systems (natural and man-made) are to climate and its variations; for instance, how much rainfall is required to ensure an adequate water supply. 
The longest climate records are available for surface variables, primarily temperature and precipitation. All studies of climate change require that the basic measurements be homogeneous i.e. not affected by changes in instrument type and location or observation practices, or by undocumented data adjustments. Improvements to instrumentation require overlapping observations of the old and the new system for a period sufficient to identify and eliminate time-dependent biases (cf. GCOS Climate Monitoring Principles, Annex 2). 
Metadata must be acquired and kept up-to-date, both for ensuring the reliability and fitness for purpose of the records and for assessing the effects of local land-use changes. Current and historical metadata should be, to the extent possible, stored in electronic form and made readily accessible. All surface variables need to be monitored to the required accuracy (see CEOS/WMO database for a list of all required variables and monitoring accuracy). Major efforts must be made to ensure the long-term viability of observational networks, and that data losses are kept to a minimum. This poses particular challenges in developing countries, while the implementation of automated observing systems, which are increasing rapidly as a proportion of the overall observing network, must be done with the needs of the climate program firmly in mind. 
The GSN provides a baseline set of observations against which more detailed national and regional measurements can be assessed. Coverage over land is generally good, but performance is poor in some regions. High-quality national and regional networks of Reference Climatological Stations must be maintained. At present, many data that are thought to be collected do not make their way to the global data centres for a variety of reasons that include poor communications and lack of capability in generating the required messages. Much could be gained, if all data were shared with the data centres.

It would also be highly desirable to have more accurate observations of near-surface humidity everywhere, of precipitation over high-latitude areas and oceans, and of winds over the land. Changes in storm tracks over time, changes in natural large-scale oscillations and changes in observing equipment can influence trends in the observed wind data.
The monitoring of some surface variables can be accomplished by remote sensing under clear sky conditions. Geostationary satellites are optimum regarding frequency of observations. Research polar satellites have adequate horizontal resolution. Microwave imagers and sounders offer information on precipitation of marginal horizontal and temporal resolution. Satellite-borne rain radars offer the potential for improved observations. There is much ongoing work on a lot of applications for precipitation estimation on the basis of certain characteristics of remotely sensed clouds.
The most important upper-air variable for monitoring climate change is temperature. Humidity is next important because of its strong contribution to the enhanced greenhouse effect. As all the data need to be accurate and unbiased, care must be taken to ensure that metadata are available to allow radiosonde and satellite-based temperature and humidity profiles to be determined to known quality with established error bars. 
Some events of shorter duration need attention as being of climate significance. Major volcanic events and major fires fall in this category. These events affect climate through the introduction of aerosols into the atmosphere and through land-surface changes, which can have major air-quality and albedo consequences. A combination of satellite and in situ data will be needed to permit characterization of the anomalies in the atmosphere introduced by larger-scale fires and major volcanoes.

The combination of recurrent climate variability patterns and short-term chaotic atmospheric variability leads to extreme weather events, which can have severe human and economic impacts. Accordingly, to monitor climate variability, data on extreme events are essential. Important phenomena to be monitored include tropical and mid-latitude cyclones, heat waves, frost, floods and droughts. Therefore daily data are needed and, ideally, hourly precipitation data. In fact, for urban flooding, minute-by-minute data are needed. In addition, the social, economic and environmental impacts of extreme events, and of longer-term anomalies, need to be recorded as systematically and objectively as possible.

Even the longest of instrumental records are not long enough to address issues of representativeness over long time scales. Paleoclimate data (indirect information from tree rings, ice cores, corals, historical documents, etc.) allow the instrumental record to be placed in a much longer context. They are particularly important for assessing the uniqueness of recent trends, together with climate model results and estimates of past forcing. The consistency of paleoclimate data, and their interpretation in terms of instrumental measurements, requires ongoing research. 

4. CONCLUDING REMARKS
Established networks largely meet traditional needs, however substantial vulnerabilities exist, particularly in developing and least-developed countries. These vulnerabilities revolve around resources, communications and training issues, and attention is needed to ensure that these vulnerabilities are addressed, including resource mobilization to support key climate monitoring stations. 
Since the 1990s, some observing network degradation has been halted. New observing systems have been established, but a number of past concerns remain (e.g. filling gaps in coverage). Improved communications and some training are required to ensure that CLIMAT messages are sent and received.  
GSN and GUAN observations provide the backbone for analyses of larger-scale work with climate applications and services, but need to be augmented by denser national and regional networks to truly reflect climate variability and change over areas representing different climate zones, vulnerable areas, and socio-economically important areas. 
Quality assurance is a vital component of ensuring climate data is fit for purpose. Efforts should be made to ensure that climate data – at least the Essential Climate Variables – are subject to suitable quality control processes. Programs on data rescue should continue to find, secure and where resources permit, digitise all available historical records, with priority going to those stations identified as climatically significant in the previous point. 
Manual and automated observing stations have complementary strengths and weaknesses for climate. Efforts should continue to ensure network planners take account of these synergies, and address issues that may impact on the homogeneity and completeness of the climate record. 

Homogeneity and completeness of records are vital for all climatic studies. Long-term, high-quality, calibrated, and as far as possible un-interrupted observations are also the foundation for most climate-related applications and services.
Satellite data are the only means for providing high-resolution data in areas where in situ observations are sparse or absent. The climate program should collaborate with projects and initiatives focussing on the integration of different observing systems, and to explore the potential of remote-sensing techniques for representing climatically-significant variables. However, there is a need to undertake ground-truth studies to ensure remotely-sensed data are compatible with conventional observations. 
Many established observing systems have yet to implement the GCOS Climate Monitoring Principles (Annex 2). There is a need to ensure that observation program managers and network planners consult closely with climate programs to ensure their actions do not adversely affect the climate record. This should be done at the international level through appropriate consultation between WMO Program areas, and at the individual NMHS level. 













ANNEX 1
Applications and services in the present CCl organization
The World Climate Applications and Services Programme (WCASP) fosters the effective application of climate knowledge and information for the benefit of society and the provision of climate services, including the prediction of significant climate variations both natural and as a result of human activity. The Climate Information and Prediction Services (CLIPS) project deals with the implementation of climate services around the globe. It strives to take advantage of current data bases, increasing climate knowledge and improving prediction capabilities to limit the negative impacts of climate variability and to enhance planning activities based on the developing capacity of climate science.
The present CCl OPAG for Climate Applications consists of the following:
-  Climate and Health:  Floods, storms and heat directly affect health. Climate indirectly affects health through its influence on air pollution, on the ecosystems that provide food and water, and on vectors and pathogens that cause infectious diseases.
-  Climate and Energy:  Climate information supports optimal development and use of renewable energy resources such as hydropower and wind, solar, biological and geothermal energies. 
-  Climate and Tourism:  The tourism industry, particularly in coastal zones and mountain areas, is highly vulnerable to climate hazards, and to sea level rise and changing snow and glacier conditions due to climate change. Climate information helps reduce risks and plan effectively.
-  Urban and Building Climatology:  Climate information on energy balance, heat or cool islands, winds and air quality as well as storms, floods and droughts is vital to urban design and management.
All the Expert Teams above (except Tourism) have had a meeting during the present CCl period (2006-09). The meeting reports are in preparations and their contents already used in preparing this SoG.
In addition there are two Rapporteurs linking the CCl with the Commission for Hyrology and Commission for Agricultural Meteorology:
-  Climate and Water:  Effective integration of climate and hydrological information in decision making in water resource management reduces risk to climate variability and change.
-  Climate and Agriculture:  The use of seasonal prediction and climate change scenarios are important in agricultural production and food security systems.
N.B. This SoG is regarded as an interim version for the CCl analysis of climate-related applications and services, because significant changes in approach for applications of all kinds are being planned for the next CCl intersessional period (2010 onwards), to more closely support the outcomes of the World Climate Conference (2009).












ANNEX 2
GCOS Climate Monitoring Principles






Effective monitoring systems for climate should adhere to the following principles: 
(The ten basic principles were adopted by the Conference of the Parties (COP) to the United Nations Framework Convention on Climate Change (UNFCCC) through decision 5/CP.5 at COP-5 in November 1999. This complete set of principles was adopted by the Congress of the World Meteorological Organization (WMO) through Resolution 9 (Cg-XIV) in May 2003; agreed by the Committee on Earth Observation Satellites (CEOS) at its 17th Plenary in November 2003; and adopted by COP through decision 11/CP.9 at COP-9 in December 2003.)
1. The impact of new systems or changes to existing systems should be assessed prior to implementation. 

2. A suitable period of overlap for new and old observing systems is required. 

3. The details and history of local conditions, instruments, operating procedures, data processing algorithms and other factors pertinent to interpreting data (i.e., metadata) should be documented and treated with the same care as the data themselves. 

4. The quality and homogeneity of data should be regularly assessed as a part of routine operations. 

5. Consideration of the needs for environmental and climate-monitoring products and assessments, such as IPCC assessments, should be integrated into national, regional and global observing priorities. 

6. Operation of historically-uninterrupted stations and observing systems should be maintained. 

7. High priority for additional observations should be focused on data-poor regions, poorly observed parameters, regions sensitive to change, and key measurements with inadequate temporal resolution. 

8. Long-term requirements, including appropriate sampling frequencies, should be specified to network designers, operators and instrument engineers at the outset of system design and implementation. 

9. The conversion of research observing systems to long-term operations in a carefully-planned manner should be promoted. 

10. Data management systems that facilitate access, use and interpretation of data and products should be included as essential elements of climate monitoring systems. 

Furthermore, operators of satellite systems for monitoring climate need to: 
(a) Take steps to make radiance calibration, calibration-monitoring and satellite-to-satellite cross-calibration of the full operational constellation a part of the operational satellite system; and 
(b) Take steps to sample the Earth system in such a way that climate-relevant (diurnal, seasonal, and long-term inter-annual) changes can be resolved.
Thus satellite systems for climate monitoring should adhere to the following specific principles: 

11. Constant sampling within the diurnal cycle (minimizing the effects of orbital decay and orbit drift) should be maintained. 

12. A suitable period of overlap for new and old satellite systems should be ensured for a period adequate to determine inter-satellite biases and maintain the homogeneity and consistency of time-series observations. 

13. Continuity of satellite measurements (i.e. elimination of gaps in the long-term record) through appropriate launch and orbital strategies should be ensured. 

14. Rigorous pre-launch instrument characterization and calibration, including radiance confirmation against an international radiance scale provided by a national metrology institute, should be ensured. 

15. On-board calibration adequate for climate system observations should be ensured and associated instrument characteristics monitored. 

16. Operational production of priority climate products should be sustained and peer-reviewed new products should be introduced as appropriate. 

17. Data systems needed to facilitate user access to climate products, metadata and raw data, including key data for delayed-mode analysis, should be established and maintained. 

18. Use of functioning baseline instruments that meet the calibration and stability requirements stated above should be maintained for as long as possible, even when these exist on decommissioned satellites. 

19. Complementary in situ baseline observations for satellite measurements should be maintained through appropriate activities and cooperation. 

20. Random errors and time-dependent biases in satellite observations and derived products should be identified. 
