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1.) Definitions

In spatial validation (SV) we consider at the moment only one physical variable at each location, and in inter-variable validation (IVV) we consider only one location at a time. Multi-variable, multi-site validation could be considered later.

2.) General  characteristics of the problem

· SV and IVV are both multi-variate, so the validation should to some extent be similar

· Distance has a straightforward meaning in spatial validation, but not in multi-variable validation

· There are usually fewer physical variables than locations which leads to different possibilities for looking at validation output 

This means 
· Statistical analysis that can be done for IVV should in principle be doable for SV

· Analysis of physical consistency might for  IVV be based on simpler equations (thermodynamics for one location) than for SV (checking for detailed dynamical consistency  seems unpractical, but consistency with large-scale flow could potentially be checked)

· SV that uses distance cannot be transferred to the multi-variable case


3.) Specific methods 
SV and IVV without pair-wise setup between DS and observations  
(pair-wise within field is trivial)

· Correlations of timeseries:
For IVV the whole correlation matrix can be looked at, for SV only certain aspects can be shown through 
i.) correlation matrices for a few locations
ii.) one-point correlation maps (one row or column of correlation matrix) 
iii.) EOFs and independent degrees of freedom (DOFs) (eigenvectors of correlation matrix). EOFs and DOFs work for both.
Distance measures for vectors and matrices are not trivial. For vectors they could include correlations, bias,  RMSE. For matrices we can use Integrated Quadratic Distance (IQD).
Comparing DS and observed EOFs directly makes in general not much sense because the can be linear combinations of each other. So one has to quantify the difference of a whole sub-space. One suggestion is to project observations onto the leading DS EOFs (or vice versa (is it symmetrical?) and calculate IQD for the resulting covariance matrices (one of which is diagonal). However, this does not really depend on the spatial patterns of the EOFs but on the covariance of the PCs.
In all cases visual analysis might be crucial.
Which timescale is scientifically relevant and statistically sound? Daily precipitation is not normally distributed. Should we transform the data? What should be done with dry days, remove or give small values?

· Conditional  probabilities work for IVV, they would in principle work for SV but are only practical for a few variables, so need to be restricted to a few location . This includes ‘tail dependence indices’.

· Full description of multivariate probability distribution, for instance through copulas. This is only possible for low dimensions, i.e. IVV or a few spatial locations.

· Typical size of rainfall events, areas of common threshold exceedance (needs some thought how to do it)

· Validation through impact models works in principle for both. However problems due to biases need to be separated from problems due to inter-variable relationships, which could be attempted through bias correction, but bias correction is done with each variable independently and it breaks the existing intervariable relationship we want to evaluate.

There are also the errors introduced by the impact model itself, which would need to be quantified through driving the model with observation, which might be difficult to get with the required resolution. The approach seems not very practical for a first validation, because of the issues mentioned above and because it is not possible to indentify which inter-variable problems might cause wrong impacts. It seems that impact models might be more useful for illustrating problems once wrong inter-variable relationships have been identified.

SV and IVV with pair-wise setup between DS and observations 
· One-point correlation/regression maps with reference point from model and field from observations (or vice versa)

· Methods based on cross-covariance matrix and coupled patterns (Maximum Covariance Analysis, Canonical Correlation Analysis, Principal Component Multiple Linear Regression )

SV only (no pair-wise setup)
· Variaograms
· Madograms (variograms for extremes)
· Structure, Amplitude Location (SAL) 
· Wavelets (can they really be applied in 2D?)
      Distance measure for variaogram could be RMSE.  Any others?
IVV only
· Physical laws (no pair-wise setup)
· Climate indices based on several variables. Note this is similar to a statistical representation (emulator) of an impact model and most likely requires a pair-wise setup to compare DS products with observations.

To Do
· Check whether we missed something in the overview
· Classify existing papers in our structure
· Decide which of the options we want to implement in the portal
· Decide in which cases indices but not measures should be calculated
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