On the areal snow water equivalent

Notes about the variogram
Commonly (Matheron, 1971), the variographic approach is based upon promiscuous source of spatial variability of any spatially varied feature (SWE, precipitation, soil properties, etc.). These are associated with: trend (a regular component depending on both time and space), spatial covariation (that featured the “inter-connectivity” among the observational sites) and random noise. Each of the empirically obtained variograms (or of the auto-correlation functions as preferable) comprises all the three components. 

In our particular study (the Moscow river basin), we determined the SWEs for each grid cell (10x10 km) throughout an area of about 8000 km2. This area is mainly plain, homogeneous by climate conditions, so we expected that trend component (expressed through elevation-related lapse rate) can be assumed negligible. Two components have remained: (1) that described through covariation, and (2) the random noise (resulted from the measurement errors). The first quantifies the effect of location. Thus, only site location, not the datum of observation or either time-dependent variable, define this component. The second was evaluated as usual. And, we have eliminated the trend component in this exclusive case.

Hence, if we have to use the input data obtained in another, mainly rugged terrain that takes place within the Gatineau river basin, then our empirical variogram will contain both spatial and temporal sources of variability. It would, of course, be distorted from one year to another since the lapse rate we have obtained yet is unstable. Moreover, it would be spatially non-isotropic, depending on direction. We should then use only individual year data and expect to determine only individual spatial distribution of the SWEs. 

The approach we offered (Shutov, 1996, 1998) consists of to eliminate the time-dependent source by using a “tailor-made” variogram. I should recommend the second type of its approximation, since it was more commonly approved (the first is to make scaling that procedure which can facilitate the so-called fractal description of SWE fields). Thus,

V(L) = D [1.5 L/L* - 0.5(L/L*)3] + 02 



where D is that limit to which the function aspires by increasing distance, i.e. when L = L*, the latter value is called diapason (or range) of the variogram (for the case L* = 50 km and D = 1.10 SWEm, where SWEm is the mean SWE, in mm), and 02  is the remained dispersion, directly caused by measurement errors (in the given case 02  = 30 mm, it can either be estimated as usual sampling square error).

What should we going on now? There appear two ways: either to adopt the above V(L) function, presumed as an “indicative” model, or to determine the spatial auto-correlation function ACF (not a variogram) by using the data available. For the latter case we should consider only that SWEs transformed (reduced to the lowest elevation of the watershed under study) through the use of the “lapse rate” and then we may only obtain the timely averaged ACF as the individual one is not attainable due to lack of data. 

I would reckon to chose the first way. The reason is follows: we can presume that the SWEs distribute over a homogenous area. We have the right to transpose all the common relationships from the area where they have been obtained to another area of interest. We only have to define the parameters which are subject to the place (SWEm, as appropriated to the Gatineau basin and 02  as related to the measurements we use). 

Of course, this approach (to adopt a function delivered from outside) seems to be disputable, but it would be reasonable since the above variogram have been obtained using 32 grid points (and 11 non-regularly located sites in addition) within a plain and compact area, whereas the observation data available for the Gatineau basin are for only 20 irregularly located sites in an extensive area, with multiple local conditions, of hills and even low mountainous relief, having non-simultaneous measurements. If the arguments still are not convincingly, we may easy obtain and use or time-dependent SF or ACF by that kind of data you sent me. As to the ACF, it some differs from the variogram (SF) and looks as follows:

ACF(L) =  {[H(x) – Hm] [H(x + L) – Hm]}/(n – 1)






Where again H(x) are the SWEs for x-th observational sites, H(x + L) are the same for those sites located off a distance L, Hm is mean SWE (the timely averaged one), n is number of sites.

Notes regarding the interpolation procedure

Generally, there are a number of interpolation methods: linear (the simplest), bi-linear (when x and y axes are examined separately), polinomial (including the spline) approximation, optimal interpolation based upon the spatial ACF (used to determine the weights of each “influencing” site data), the kriging which is based upon the spatial variogram or, to name else, structural function SF. Both optimal interpolation and kriging variances are to name a few. I do not develop them here since it would be a true lecture course. 

I examined and suggested that variance of kriging which exploits the SF determined based upon the gridded SWE data obtained in a special experiment. To the point, recently I have found that NASA’s Goddard Space Flight Center and some other institutions in the USA initiate the CLPX (Cold Land Process Experiment) at Colorado Range (look at http://www.gsfc.nasa.gov/topstory). They will undertake ground-based (including grid-based) sampling, aerial gamma-ray survey and satellite imagery. Probably, they would obtain much more extensive data that will improve our knowledge of the spatial SWEs. 

Earlier, many of explorers, both at our home and abroad, studied empirical ACFs (and SFs) found them unstable due to various conditions of non-homogeneous large drainage basins which were examined. Then, a few methods have appeared to facilitate interpolation: for example, based on the so-called covariance field, i.e. the spatially varied ACF (Haggmark et al., 1997) and on other artifacts.

It is well known, the interpolation into regular grid nodes is based upon minimizing the estimation errors. The software packages such as SURFER™ or another, that adapted to MS DOS we have earlier used here (Shutov, 1996) employ the following equations (Matheron, 1971):

 j Vij(L) +  = Vj0(L)










where i is attribute of the grid nodes and j – of the observation site, Vj0(L) is the variogram for a given several grid point (node), generally Vij(L) are for all the couples “node – site”,  is the so-called Lagrangian number and, finally j = 1.

All the numerical procedures exploited these equations along with empirical variogram entail some discrepancies due to dispersion remained. So, the isarithmic map drawn by an automatic use of the above software often comprises the peculiarities (either “top” or “low”) close by sampling sites. They occur due to inevitable uncertainties in empirical SFs. To avoid this, one may go to the so-called block-kriging when the sampling errors are diminished through averaging inside each “block” (grid cell). We cannot use such a variance, because of no sub-grid SWEs are there, although I shall receive such a data for some locations here. Earlier, when constructed the SWE maps, I got matrices instead of drawn maps, used a special DOS-based sub-routine (elaborated by my assistant). Though you somehow avoid this technical obstacle.

References

Haggmark, L., Ivarsson, K.-I., Olofsson, P.-O. (1997): MESAN. Mesoscale Analysis. – Report of the Swedish Meteorol. and Hydrol. Institute, No. 75, Norkopping, Sweden. 

Matheron, G (1971): The theory of regionalized variables and its applications (Les variables regionalisees et l’eur applications) – Les cahiers du centre de morphologie mathematique de Fontainbleu. Ecole Nationale Superieure de Mines, Paris, France.
