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A Spatial Interpolation Method for Surface Air Temperature and Its Error Analysis
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Abstract Research efforts in the hydrological and ecological sciences are increasingly being directed towards the ap-
plication of knowledge gained at small spatial scales to questions framed over larger domains. Consequently, there is
a growing need for a new collection of research tools and methods designed with attention to the particular needs and
constraints of large-scale studies. Reliable surface meteorological data are a basic requirement for hydrological and
ecological research at any spatial scale, and are a particularly crucial component of studies of mass and energy trans-
fer over large land surfaces. Our study of hydrological and ecological processes at regional and continental scales has
been hindered by lack of a general method which meets the meteorological data requirements of such large-scale stud-
ies. Here it is presented that a method for generating surfaces air temperature over Chinese terrene regions by us. In
our methods, it is borrowed from the nearest-neighbor method which asserts that the area of relative influence for a
given observation should be inversely related to the local observation density, that is, a relatively isolated observa-
tion should influence predictions for a larger area than an observation in a data-rich region. In order to overcome the
most serious fault of the nearest-neighbor method which generates a discontinuous surface, our method borrowed the
assertion that the influence could decrease with increasing distance from an observation from the inverse distance
method. Required inputs of our method include digital elevation data and observations of air temperature from
ground-based meteorological stations. The spatial convolution of a truncated Gaussian filter with a surface containing
the horizontal projections of Chinese meteorological station locations is adopted as our basic interpolation frame-
work. A Gaussian function is chosen because it is simple to evaluate, and has the desired features of being both an
inverse-distance algorithm and a smoothing filter. Sensitivity to the typical heterogeneous distribution of stations in
complex terrain is accomplished with an iterative station density algorithm. Cross-validation analysis is used to test

the sensitivity of our method to variation of parameters and to estimate the prediction errors associated with the final
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selected parameters. The general cross-validation protocol is to withhold one observation at a time from a sample,

generating a prediction error for the withheld case by comparison with the observed value, and repeating over all ob-

servations in the sample to generate an average prediction error. Mean absolute error (MAE) for predicted daily av-

erage air temperature is about 0. 7 ‘C. The results show that our spatial interpolation method produces less error

than other methods used in Chinese terrene area. Our methods are designed to be independent of prediction at arbi-

trarily placed points, but the same methods could be applied to the generation of predicted values over an evenly

spaced grid of prediction points. There is another level of abstraction involved in translating these predictions to areal to-

tals or averages as determined by the area of grid boxes centered on the prediction points. That is to say, our method pres-

ented here is well useful for reinforcing the lacked records of weather stations and for scaling-up of the records.
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Fig. 1 Contour of mean absolute error (MAE) plotted against
Gaussian shape parameter (a) and average number of stations
with non-zero weights (N). Dashed: the places of minimum
predicted MAE; * : the best location for the selected parame-

ters, a and N
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F1 20005F6 A2 HEE 350 MR FHRBEELER
ZXWIEIREFKIT R (BA:C)
Table 1  Cross-validation error statistics for predictions of
daily air temperatures averaged over 350 stations on 29 Jun
2000 in China (units; C)

FEEITIERT @S EITIES

No corrected Corrected by height

SR 2% Mean error —0.0214 —0. 0206
R ORL S = 1. 4062 0. 6847
Absolute mean error

IR I3 -7 AR 2.0337 0. 9328
Root of mean square inter-

polation error

iRZ P {H Median error —0. 0671 0. 0468
A% R 22 1 T E 0. 9864 0. 5218
Absolute median error
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Table 2 Cross-validation error statistics for seasonal variations of air temperature averaged over 381 stations within China in 1999

(units: 'C)
EEITIERT No corrected B EITIE)G Corrected by height

£ " Tk &S g " ZiA &S

Spring Summer Autumn Winter Spring Summer Autumn Winter
ME —0. 0415 —0. 0001 —0.0184 —0.0188 —0. 0502 —0. 0089 —0. 0271 —0. 0276
AME 1.4332 1. 3462 1. 3131 1. 4327 0. 8242 0.6762 0.7772 1.0742
RMSIE 2.0693 1.9719 1. 8853 2.0318 1. 1364 0.9224 1. 0819 1. 5449
MDE 0.0976 0. 1530 0. 1356 0. 1146 —0. 0691 —0.0117 —0. 0325 —0. 0622
AMDE 0. 9434 0. 8837 0. 8939 1. 0009 0. 6000 0.5104 0.5786 0.7526
AMAXE 9. 7151 9. 2351 9.11141 1. 2877 5. 1112 4. 2475 5.8297 7.7618
AMINE 0. 0043 0. 0037 0. 0037 0. 0045 0. 0028 0. 0026 0. 0026 0. 0032

T ME:SFRi2E ;. AMESFR4 0 R22 ; RMSIE.: PR 2F 75 #9-FJ7 il s MDE. 5222 (9 B ; AMDE.: 480 iR 22 9 E; AMAXE. 46 %] 15

FEM KA s AMINE : 483 3224 (1 5/ ME

Note: ME: Mean Error; AME: Absolute Mean Error; RMSIE: Root of Mean Square Interpolation Error; MDE: Median Error; AMDE. Ab-
solute Median Error; AMAXE: Absolute Maximum Error; AMINE: Absolute Minimum Error
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