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studies that are used to control the level of pollution and prevent damage from
natural disasters. Risk zoning provides helpful information to decision-makers.
Generally, the typical spatial risk estimating methods are for stationary random
fields. In addition, a parametric form is usually considered for the distribution
and variogram of the random field. Whereas in practice, sometimes, these
assumptions are not realistic. In practice, utilizing the parametric spatial models
caused unreliable results. This paper uses a nonparametric spatial model to
estimate the unconditional probability or spatial risk. Because the conditional
distribution at points close to the observations has less variability than the
unconditional probability, nonparametric spatial methods will be used to
estimate the unconditional probability.

Material and methods

Let Z = (Z(sy), ...,Z(sn))T be an observation vector from the random field
{Z(s); s € D < R%} which is decomposed as Z(s) = u(s) + £(s), where u(s)
is the trend and £(s) is the error term, that is a second-order stationary random
field with zero mean and covariogram € (h) = Cov(e(s), (s + h)). The local
linear model for the trend is given by

fig(s) = e[ (SSWSs)™' SsWZ = ¢7(s)Z,
where e; is a vector with 1 in the first entry and all other entries 0, S is a matrix
with ith row equal to (1, (si-S)"), W; = diag {Ky(s, - S), ..., Ky(s, — 5)},
Ky(w) = |H|”'K(H 'u), K is atriple multiplicative multivariate kernel function
and H is a nonsingular symmetric dxd bandwidth matrix. In this model, the

bandwidth matrix was obtained from a bias-corrected and estimated generalized
cross-validation (CGCV).

From nonparametric residuals £(s) = Z(s) — fi(s), a local linear estimate of
the variogram 2 y(-) is obtained as the solution to the following least-squares
problem

r:rxl.iﬁn Zn ((ﬁl - éj)z —a—B" (s;—s; - u))z Ke(si—s;—u),

i<j
where G is the corresponding bandwidth matrix, obtained from minimizing
cross-validation relative squared error of the semi-variogram estimate.
Algorithm1: Semiparametric Bootstrap

1. Obtain estimates of the error covariance and nonparametric residuals
covariance.
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2. Generate bootstrap samples with the estimated spatial trend fig(s) and
add bootstrap errors generated as a spatially correlated set of errors.

3. Compute the kriging prediction Z*(s,) at each unsampled location s,
from the bootstrap sample { Z*(s)), ..., Z*(s,) }.

4. Repeat steps 2 and 3 a larger number of times B. Therefore, for each un-
sampled location s,, B bootstrap replications Z*®(s,). .... Z*®)(s,) are
obtained.

5. Calculate the spatial risk at location s, by calculating the relative
. ~ 1
frequency of Bootstrap repetition t.(s.) = 5 2?211{2*(,-)(50)26}.

Results and discussion

A simulation study is conducted under different scenarios to analyze the
practical behavior of the proposed methods. For N=150 samplesand n=16 x 16
were generated on a regular grid in the unit square with mean function u(s) =
2.5 + sin(2mx,) + 4(x, — 0.5)%, and random errors normally distributed
with zero mean and isotropic exponential covariogram

=3 hll
C(h) = 0.04 + 2.01 (1— exp 05 ) he RZ

We considered seven missing observations in certain situations to compare
nonparametric spatial methods for estimating unconditional risk, conditional
risk, and Indicator kriging. Empirical spatial risk and its estimates are presented
in Table 1. The Indicator kriging is overestimating and estimating spatial risk
larger than 1. Generally, an estimated risk with unconditional and conditional
methods is close to practical value.

Table 1. Empirical spatial risk and its estimates

Locations
Methods (0.34, (074, (0, (0.94, (0.80, (0.87, (0.13,
0.60) .60) 0.47) 0.27) 0.20) 0.87) 0)
Empirical 0.989 0.011 0.504 0.317 0.069 0.300  0.999
Conditional 0.954 0.057 0.494 0.347 0.054 0.351  0.998
Indicator 0.996 0.006 0.652 0.091 0.091 0.230 1.002

Unconditional 0.994 0.024 0.602 0.481 0.418 0.388  1.000

The spatial risk mapping for the maximum temperature means of Iran in 364
stations in March 2018 is obtained. By applying Algorithm 1, the final trend
and semi-variogram estimates are smoother than the pilot version.

The conditional and unconditional spatial risk with 150 bootstrap replicates
for two values of threshold 25 and 31 on a 75x75 grid are estimated. The
unconditional risk estimate is smoother than the conditional risk estimate.
Because of this, in the unconditional version, the biased residual is unused in
the spatial prediction, but conditional risk estimating, original residuals and
simple kriging are used.

Conclusion
For the trend and variability of the random field, modeling applied a local linear
nonparametric model. In the simulation study, this method had better results

than indicator kriging. The flexibility of the nonparametric spatial method could
be used to construct confidence or prediction intervals and hypothesis testing.
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