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Ordinary Co-kriging Analyses

The objective of kriging is to find estimates of unknown values using a weighted linear combination of known observed value. The weights (λ’s) are found by minimizing the error variance of the estimate under (unbiasedness) constraints. Let P denote maximum 24-hour precipitation intensity and A elevation. We observe P and A at locations x, or P(xi), A(xk), where i = 1,…n indicates the weather stations with rainfall data and k =1,…,m where we observe elevation. The goal is to predict P(u) or the unknown precipitation intensity at location u. 

In ordinary co-kriging, we assume the means are unknown but are deemed constant within a local neighborhood. This condition can be filtered through the linear estimator above by setting two constraints on the weights1:

The λ’s  are found through a Lagrangian constraint optimization problem. The solution to this co-kriging system includes one cross-covariance between the variables and two (co)variances:
CPP(x,y) = Cov[P(x), P(y)] 
CAA(x,y) = Cov[A(x), A(y)] 
CPA(x,y) = Cov[P(x), A(y)] = CAP(y,x)
where x and y each denote a given set of locations. These covariance structures between known points and the locations to be predicted is unknown but can be modeled through a (semi-)variogram functional form.
Here, we modeled the cross-variances and co(variances) using the stable semi-variogram function γ and, in certain cases, the exponential model. The stable model is defined as:
  for all h, where h is the spatial lag distance between pair of points,  is the partial sill,  is the range parameter and  is an exponential parameter ranging from [0, 2]. The exponential model is:
  for all h.
These parameters were found by non-linear weighted least square estimation that fitted the function to the average (co)variance values at each lag distance2. 
We used ArcGIS 10.6 Geostatistical Analyst software to implement the kriging methodology described above.
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