The Why, What and How of Climate Data Records (CDRs)
Concern over the future availability of satellite-based climate-quality data led the National Research Council and several other bodies to issue reports on ensuring the climate record from satellites (e.g., NRC, 1999a,b, 2000a,b,c,d,e; NOAA, 2001; GCOS 2003).  It is critical to review the rationale for developing and stewarding the climate data record.

What is a CDR?

Climate data records (CDRs) are distinct from other satellite products, which are typically developed for each mission in near real time.  In contrast, the NRC defines a CDR as a time series of measurements of sufficient length, consistency, and continuity to determine climate variability and change [NRC, 2005].  In practical terms, a CDR is generally a multi-decadal global record of a geophysical variable generated with data from many different satellite sensors (sometimes blended with in-situ data) using the best instrument and algorithm knowledge available.  Because they incorporate the consensus knowledge of the satellite community, CDRs are rigorous, have random and time-dependent error estimates, and are scientifically defensible.
Why do we need CDRs?

CCSP 1.1 provides thorough justification and demonstration of the importance of developing CDRs for understanding climate change.  Specifically, many climate trends can be confused with or obscured by data artifacts imposed by the satellite system or by normal environmental variability (i.e., that not indicative of climate change).  Teasing out true climate trends and variability requires careful analysis of accurate long-term data records.  This task critically requires CDRs since they provide the most accurate and comprehensive observation-based record of the earth’s environment over the past 30+ years.  CDRs provide the reference global data sets for the detection of climate change – the potential catalyst for policy decisions at state and national levels, and of accords and treaties at international levels.  Indeed, without CDRs, current satellite data lack a historical context and fundamental earth changes can go unnoticed or falsely represented.  
Changes inferred from CDRs also provide scientists with the means to understand climate processes and feedbacks, and develop strong evidence on climate change attribution: i.e., the change in one geophysical variable being linked to or caused by the change in another variable.  CDRs also provide the data environment and inputs for climate models.  Thus, CDR accuracy and completeness effectively reduce the uncertainties in climate model results to the lowest levels that can be achieved with a given modeling system.  Further, CDR development provides critical feedback on optimal satellite management and operations.  Thus, delays in CDR development lead to avoidable but irrecoverable shortcomings in satellite observation accuracy.  In sum, the continued absence of a cohesive and comprehensive national CDR development and support effort unavoidably severely limits our ability to detect, understand, attribute and predict climate change events and phenomena.  
How do we generate CDRs?

The key challenges in CDR development stem directly from words in the NRC definition, specifically “sufficient length, consistency, and continuity to determine climate variability and change.”  Addressing these four attributes is what makes CDRs unique, challenging, and superior to any other high level satellite products.

“Sufficient Length”:  Given the time scale mismatch between most mission lifetime (~5 years) and climate change (decades and longer), each CDR must be developed with data from multiple satellite sensors and missions.  Even in the most stable observing system frameworks (e.g., the U.S. polar-orbiting programs), the sensors and satellites used for similar measurements have changed repeatedly in response to new technologies and lessons learned.  Therefore, a CDR of a given earth parameter (e.g., sea surface temperature) must be derived from satellite platforms of different performance (needed for accurate geographic location of pixels) and orbital characteristics (e.g., altitude, overpass time and its consistency) as well as sensors of different design and function (e.g., different spectral bands, error characteristics, and pixel sizes).  

“Consistency”:  An optimal CDR provides a time series of a geophysical variable as if it had been measured by one observatory operating nominally over multiple decades.  Given the discussion above, it follows that a retrieval algorithm must therefore transform measurements with vastly different characteristics (pixel size, time-of-day, spectral band, angle of observation with respect to the sun position, and inherent error characteristics) and properly correct them, to the extent possible, so as to provide a unified and coherent record.  This is especially challenging given the continuous and variable degradation in sensor and sometimes satellite (and orbit) performance through a mission lifetime.

“Continuity”:  Continuity relates primarily to the non-stop availability of well-functioning observatories throughout a CDR’s duration.  Continuity is critical since components and areas of the earth system vary non-linearly – sometimes episodically – over all times scales (from less than a second to decades and centuries for practical purposes).  Gaps in CDR continuity necessarily impart uncertainty in our understanding, or even absences in the detection of earth changes.  Given the unpredictability of satellite and sensor lifetimes and the need for data continuity, segments of CDRs must often be constructed from degraded or non-optimal observatories.  Thus, to achieve continuity, the challenge of consistency is further heightened for algorithm developers.
“Estimating Uncertainties”  A key notion of science is repeatedly and related uncertainties in measurements.  The development of CDRs enables scientist to independently validate and estimate errors related to various assumptions.    Uncertainty estimation is inherent to developing long-term CDRs.  Without this formal step, it is impossible to understand how close scientists can come to estimating real changes in global, regional and local climate.  

Finally, “to determine climate variability and change” implies a level of data quality which equates to “best possible.”  To detect real trends requires careful analysis of long-term data records to distinguish between the natural climate variability and any small, persistent climate changes.  This in turn requires that the data records, and the sensors from which they are derived, to be as error-free as possible.  To achieve this level of performance, the CDR algorithms must address all known data issues and uncertainties to the extent possible.  Indeed, most environmental sensors cannot provide absolutely calibrated data, although extensive but careful work on data can greatly reduced resulting uncertainties.  Moreover, the observatory must be continuously and carefully monitored throughout its lifetime at a rigorous “climate-quality” level (superior calibration and characterization analysis), and adjustments to satellite operations must be thoroughly tested for their impact on CDR quality.  For these reasons, the delayed development of CDRs from a given satellite inevitably and irreversibly decreases the scientific value of its observations.
