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Abstract 
 

We introduce a semiparametric extension of multi-level regression models that 
includes mixed and fixed effects models as its two extreme cases. In some practical cases, 
one could consider the fixed effects model as an over parametrized model without 
modeling but just plugging in dummies. In other words, it suffers from “too many 
parameters but too little model”. The mixed effects model tries to overcome this by using 
just random effects and therefore has “too few parameters but too much model”, where 
“too much model” refers to the necessary assumptions made. We propose including a 
nonparametric term that allows the practitioner to shift the model smoothly between these 
extremes, depending on its data and underlying problem. Thereby, the smoothing 
parameter serves as its switcher. We will show that so we can filter out possible 
dependency between covariates and random effects. We further provide consistent 
bootstrap procedures for possible inference and to analyze prediction power. The positive 
implications of using this model are highlighted in particular for small area statistics and 
econometrics. This is underlined by simulation studies and a real data application.1 
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1 Introduction and Motivation 
 
Mixed effects models are quite popular in many areas of statistics with panel data analysis 
being maybe the most popular one. More recently they have also attracted a good amount of 
attention in small area statistics, see Ghosh and Rao (1994), Rao (2003), Jiang and Lahiri 
(2006) for reviews of small-area techniques. The same holds still for the analysis of any kind 
of panel data, see e.g. Laird and Ware (1982) and Diggle, Heagerty, Liang and Zeger (2002) 
as typical examples. We can find these methods now equally well in biomedical, forestal or 
agricultural, economic and social science studies. Although the different research areas favor 
different names like small area statistics, multi-level (regression) models or simply mixed 
effects models, the statistical problems of modelling, estimation and testing are basically the 
same; the differences arise mainly in the subsequent inferences. For example, in panel data 
analysis they are often just a remedy to account for the heterogeneity over the cross sectional 
samples when the data is short in time; in small area statistics they shall improve the 
prediction of area level parameters, or in econometrics improve the prediction of macro 
indices from micro-data; and finally they have become popular in economics for doing data 
matching, i.e. to impute a certain factor for the individuals in the sample of interest with the 
aid of a different (auxiliary) sample. 
 
More recently now, they have entered the nonparametric world, see Ruppert, Wand and 
Carroll (2003), Wand (2003), Hamilton (2001), Opsomer, Claeskens, Ranalli, Kauermann and 
Breidt (2005), Tutz (2001), and Tutz and Reithinger (2007). In applied statistics, 
semiparametric Bayesian approaches are often used in combination with (penalized) splines, 
series or MCMC (random field) estimators, see Fahrmeir, Kneib, and Lang (2004), Kneib and 
Fahrmeir (2006) and Fahrmeir and Lang (2001) among others. In maybe most of the literature 
on semiparametric models, the idea has always been to separate the nonparametric function 
into a deterministic (fixed effects) and a random part (random effects) so that the smoothing 
parameter of a spline estimator could be written in terms of the variances of the random 
effects and the error term. Considerations of additional random effects have mainly been 
limited to Bayesian approaches and/or computational questions. However, until recently, 
asymptotic theory has been missing for estimation in semiparametric mixed models. 
Lombardía and Sperlich (2006) introduced an estimation procedure for generalized partial 
linear mixed effects models, a semiparametric model specification test with a bootstrap 
procedure, and provided asymptotic theory for all these methods. 
 
For response Yd ℜ∈  with covariates Xdj pℜ∈ including the intercept, the classical 
generalized linear Mixed Effects Model (MEM) with known link g(·) can be written as  
 

 
 
with Zdj ⊆  Xdj of dimension pℜ∈βρ ,  the fixed effect, and ud

ρℜ∈  the i.i.d. unobservable 
random effect with mean zero and unknown variances-covariance matrix 2

uσ . This has to be 
estimated. We have sample size ∑ =

=
D

d dnn
1

,  where D is the number of areas (domains or 
groups) with the typical assumption of ∞→D  at rate O(n). An essential but crucial 
assumption for the existing ethodology is that ud is independent from Xdj and that g(·) is 
known. Note that, if g is the identity, model (1) includes the nested-error (Zdj = 1 and ud ℜ∈ ), 
the random regression coefficient (Zdj = Xdj), and the Fay-Herriot model (only area specific 
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information), see Prasad & Rao (1990) for a summary. Let us concentrate on the nested error 
model, which is very popular in practice. 
 
For this response and covariates, the corresponding Fixed Effects Model (FEM) is 
 

 
 
with cd  being an area (domain or group) specific fixed effect without the assumption of 
independence from the individual effects Xdj. 
  
For a better understanding of the main idea, recall first two striking facts. The MEM is often 
motivated as follows: for not over parameterizing one models the area effect by random 
effects. This seems to beat any other parametric model when predicting. This is often due to 
the fact that in the moment of prediction one adds the predicted random effect to the total 
prediction. The additional variance of the prediction caused by assuming this effect to be 
random, is only slightly larger than the variance of a fixed effect estimate based on small 
samples. Additionally, the modelling of the new variance structure allows for a more efficient 
estimation of β using a feasible generalized least squares estimator. However, this gain can 
easily be a self-deception because it might improve prediction in the mean but under the quite 
unrealistic assumption of independence between area effects and the covariates as well as the 
individual (i.e. error) effects. Thus, even if MEM leads to a better sample fit, it does at the 
cost of biased estimates. Furthermore, it does not at all contribute to a better understanding of 
the underlying process. Finally, a method to do valid inference is not available. Indeed, all 
available methods for testing or prediction intervals are clearly inconsistent if the assumption 
of independence is violated. 
 
We studied about 25 applications from the mixed-models literature where the random effect 
ud represented the effect of either a region, a climate type, a socio-economic group or the 
proband group (in biostatistics). In almost all cases the independence assumption was little 
credible. Clearly, this causes endogeneity giving inconsistent estimates for β and awful 
performance for out of sample predictors. In other words, it does not satisfy neither the needs 
of econometric (or other) modelling nor of small area prediction. 
 
We therefore propose to use a flexible modelling of area effects that allows the practitioner 
(or its model, respectively) to move smoothly from a MEM (1) without area specific 
covariates over a Semiparametric Mixed Effects Model  (SMEM) with area specific effects 
(3) to a FEM (2). In order to illustrate the ideas and comments before said, we will study an 
example with interest in economy and small area prediction. We consider the tourist 
expenditures in each county of Galicia (which is divided in 53 counties). Galicia is a region in 
the Northwest of Spain, and as with the rest of the country, tourism is one of the most 
important economic factors. This survey of tourism contains information about at least 10 
tourists per county including average expenditure per day and several characteristics of the 
individuals. Note that our dependent variable expenditure means total expenditure including 
accommodation, food, purchases, travel, leisure activities, and other miscellaneous. 
 
The rest of the paper is organized as follows. In Section 2 we develop the flexible modelling 
of area effects. The smooth transition is achieved by relaxing more and more the smoothness 
assumption on the semiparametric (area specific) impact: we start with the highest 
smoothness (a constant) giving a random effects model, and end up in no smoothness 
(interpolation of the area effects) giving a fixed effects model. This way we resolve all 
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problems at once: we model and thus explain the area or group effect, can dispose of the 
“independence-assumption” problem, this way obtaining consistent estimates and valid 
inference; all this without losing the advantages of MEM and without running into the 
problems we would face in a FEM. Our method can be seen as an extension of Partial Linear 
Models (PLM); including random effects we are able to more efficiently estimate both the 
parametric and the nonparametric part. We will see why this approach can always be used to 
filter out possible dependence between the individual covariates and the random effects. 
Additionally, Lombardía and Sperlich (2006) provide methods of statistical inference which 
can be applied to this model. We introduce and compare the different models together with 
possible estimation and bootstrap procedures. We also discuss model extensions and how we 
overcome the (in)dependence problem. In Section 3 we illustrate with a simulation study the 
use of our method highlighting also the arguments which motivate our modelling idea. 
Finally, in Section 4 we come back to the real data example.  
 
 

2 The Semiparametric Transition Model  

2.1 The Model 
 
In the following, area (specific) effects refer to random and/or fixed effects, respectively. We 
start from model (1) considering the nested-error model (i.e. Zdj = 1 and ud ℜ∈ ). Let now W 

qℜ∈  denote the specific area covariates. Then, if any information W about the areas is 
available, we suggest using the following semiparametric mixed effects model (SMEM): 

 
where ℜ→ℜq

v :η is an unknown nonparametric function with a given a “switcher” v. We 
introduce the condition E[ηv(W)] = 0 for identification. Let us think of v as a smoothness 
parameter so that, for example, for kernel estimates we set the bandwidth to h = v · n-2/(4+q). 
Then, for one extreme we have η0(Wd) = cd with 0

1
=∑ = d

D

d
c  and on the other extreme ∞η (Wl) 

= 0. In the first case η0 catches the area effect completely so that we get ud =0 for all d and we 
indeed have a FEM (2), whereas for h = ∞ we obtain a MEM (1). Then, v is indeed a switcher 
between the models: 

 
 
and for 0 < v < ∞ 
 

 . 
 
For ease of presentation we set θ for the variance components and δ = (β, θ) for the unknown 
parameters of the model. Set Var[Ydj| Xdj , Wd, ud] = 2

eσ  and 2
uσ  = Var[ud] for all d = 1,…,D,  

j = 1,…, nd , and θ = ( 2
eσ , 2

uσ ). 
 
Note that this is not a data adaptive approach in the common sense because the smoothness is 
given by the practitioner. On the other hand, if for example inference or prediction intervals 
are the objective, to fix v in advance is not a restriction in practice, as for pre-estimated 
smoothness parameter valid inference is unfeasible anyway. Certainly, bandwidth selection 
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procedures for kernel smoother are thinkable also for model (3) but would follow an idea of 
modelling different from what we focus on.  
 
In practice, often some of the X are not independent of the area effects. Imagine they are 
correlated with some of the W. It is clear then that estimation and prediction from model (1) 
gives biased results whereas those from model (3) will be unbiased. One may argue that, in 
order to handle this problem, model 
 

 
 
would work as well. 
 
Unfortunately, the dependence structure between X and the area is usually much more 
complex and not limited to a simple linear relation with the available area information W. 
However, in practice the relation can indeed always be described sufficiently via ψ(W) for a 
particular, though unknown function ψ as long as W varies continuously over the different 
areas. For illustration, imagine the relation between Xdj and the area d is summarized in Jd, i.e. 
Xdj = Jd + djX~ with djX~ being independent of any area effect. Our claim is that we can always 
find an artificial function ψ so that ψ(Wd) = Jd + Vd with Vd defined implicitly as the residual. 
A particular boundary case is Wd  ≡  Jd with ψ the identity. Another particular is when ψ 
simply assigns Jd to Wd  for each d = 1,…,D, i.e. interpolation. Such an assignment is possible 
as long as W moves continuously over the D areas. Recall that ηv is a nonparametric function 
with appropriate smoothness v. Then, for an implicitly defined φω we get 
 

 
 
where φω is again a nonparametric function with a smoothness parameter ω which depends on 
v and the smoothness of ψ or, vice verse, v depends on ω and ψ. From (5) we see clearly that 
this model does not suffer from dependency between Xdj and ud , i.e. endogeneity of Xdj . 
Consequently, in practice where we only face finite samples, ηv can perfectly filter out the 
endogeneity. 
 
Now it is clear why in the SMEM we can always filter out possible dependence between the 
covariates and the random effect: it just depends on the choice of W and v. In econometric 
words, ψ(Wd ) can serve here as a proxy. For example, in the “worst case”, W ⊥  J, we need 
to set v = 0 as ψ cannot feature any smoothness. What then actually happens is that the 
SMEM becomes a FEM without random effect and thus without any independence problem. 
 

2.2 Estimation 
 
There exist plenty of estimation procedures for MEM, and more recently some for mixed 
effects models allowing for a semiparametric impact of X when g is the identity. Most of 
them are Bayesian methods, some combined with penalized splines, some with MCMC 
methods, see references in the Introduction. For the estimation of our model (3) many 
alternatives are possible. Lombardía and Sperlich (2006) propose a smoothed maximum 
likelihood based on the so called integral approach and describe also the so called penalized 



 6

quasi likelihood method for maximizing the posterior mode of density f(β, u|Y, W, X ; η, θ), 
see for example Breslow and Clayton (1993). The first method is easier to tackle from a 
conceptual point of view (asymptotic theory is straight forward for this one), whereas the 
second one is more popular in practice. Note that the implementation is combined with ideas 
of Vilar-Fernández and Francisco-Fernández (2002). When we apply the integral approach we 
concentrate on the following marginal density  

 
To estimate the parametric part we take directly the logarithm and get the (unsmoothed) 
likelihood 

 
 
For estimating the nonparametric function, fix a point w0 and construct an empirical 
counterpart of E[log f(Y | W, X; η, δ)| W = w0] which, in terms of kernel function Kh(·), could 
be 

 
 
Here, Kh(·), is a q-dimensional product kernel, and h = (h1,...,hq) the corresponding bandwidth 
vector. Often, ls is called the smoothed likelihood function. 
 
Applying now (twice - as the variance components are unknown, too) the idea of profiled 
likelihood estimation one gets from Lombardía and Sperlich (2006), compare also with Lin 
and Carroll (2006), that under some rather common smoothness conditions we have  
a) ),0()ˆ( 1−⎯→⎯− δδδ INn d , where Iδ is the marginal Fisher information of l(·). 

b) defining hprod = ∏ =

q

j jh
1

and hmax = max1 ≤ j ≤ q hj, w0 being from the interior of the support of 

W, and pW(·) its density function, then 

 
with bias Bη(w0) = O( 2

maxh )  

 
From Maity, Ma, and Carroll (2007) we even conclude that using these estimates will produce 
efficient predictors for forecasting area-specific means. 
 

2.3 Extensions 
 
When W is of higher dimension (q > 3), in practice one usually would like to break down the 
dimension by modelling ηv in a separable, maybe additive way  

 
or as a single index function ηv ( δW t

d ), qℜ∈δ  an unknown parameter vector. These 
extensions are mostly straightforward (concerning both implementation and asymptotic 



 7

theory) when using the approach of Härdle, Huet, Mammen, and Sperlich (2004), respectively 
of Carroll, Fan, Gijbels, and Wand (1997). 
 
In this context, we would like to recall the discussion in the Introduction. There, we referred 
e.g. to Fahrmeir et al. (2001,2004) and Tutz (2001) which combined Bayesian approaches 
with splines to estimate nonparametric additive mixed effects models in different applied 
problems. Although one could implement estimators for the above introduced models also 
with P-splines and additivity as in (9), we have disregard that possibility in this article for two 
reasons. Firstly, asymptotic theory for P-splines is not well developed, and especially not for 
q > 1. Secondly, while for kernel based estimators it is clear how to put into practice v → 0, 
for P-splines we have to move both, the penalizing coefficient (usually denoted as λ) and the 
number of knots K. To guarantee a smooth transition one would also need additional 
information about the proper proportion of λ and K. In practice this makes a smooth transition 
from FEM to MEM much less convenient than it is for kernels. 
 
Another extension is to allow for a nonparametric impact of X, i.e. 

 
where m(·) is a nonparametric unknown function. In practice, one could model m(·) additively 
as a sum of p one-dimensional nonparametric functions, maybe with interactions, compare 
Sperlich, Tjøstheim, and Yang (2002). In case one would model both m and ηv additively we 
get a generalized additive mixed effects model. For g = identity, i.e. with Xdj = (Xdj,1,…, Xdj,p)t, 
Wd = (Wd,1 ,…, Wd,q)t, ml and k

vη  being one dimensional nonparametric functions for all l = 1 
,..., p and k = 1 ,..., q; 

 
There exists a good set of applied research using Bayesian methods for the estimation, 
compare discussion in the Introduction. Quite recently, Roca Pardiñas and Sperlich (2007) 
introduced a weighted smooth backfitting estimator which can handle - at least from a 
computational point of view – the estimation of different kind of generalized structured 
models like (11) with m and ηv having additive, single index, interaction or other forms. For 
more semiparametric models to which extensions are thinkable, see Härdle, Müller, Sperlich, 
and Werwatz (2004). 
 

2.4 Bootstrap Inference 
 
We propose here a parametric bootstrap method for further inference. The algorithm is as 
follows. Assuming that the distribution of Ydj|( Xdj, Wd, ud) ~ F(μdj, 2

eσ ) and the distribution of 
the random effects ud ~ G(0, 2

uσ ) are both known, then: 

Step 1: From sample, calculate the estimator )ˆ,ˆ,ˆ(ˆ 22
eu σσβδ = . 

Step 2: Take a pilot bandwidth g, and calculate )(ˆ ⋅gη . This is done in order to try to reproduce 
the same bias incurred in the real world.  

Step 3: Generate ∗
du  from G(0, 2ˆuσ ), d = 1 ,…, D. 

Step 4: Given the auxiliar variables Xdj, Wd and the bootstrap random effect ∗
du , draw ∗

djY  

from F( 2ˆ, edj σμ∗ ), with })(ˆˆ{ ∗∗ ++= ddg
t
djdj ug WβX ημ . 
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Step 5: From the bootstrap sample { ddjdjY WX ,,∗ } and the estimation algorithm before, we 

can get the bootstrap estimators ),,ˆ(ˆ 2*2***
eu σσβδ =  and *ˆvη . 

 
The consistency can be concluded from Lombardía and Sperlich (2006) where a similar 
procedure has been proposed for a different model. It is based on the consistency of the 
estimators of the model parameters and the behaviour of gη̂ (see Härdle and Marron, 1991). 

To the assessment of uncertainty about parameter values ),,( 22
eu σσβδ =  and the 

nonparametric functions we can then derive confidence intervals and construct also prediction 
intervals. 
 
Finally, note that the impact of ηv can be tested for significance with the statistics introduced 
in Lombardía and Sperlich (2006). It is easy to see that the asymptotic theory developed there 
carries over to our model. 
 
 

3 Simulation Studies 
 
In this section we show the results of a large simulation study, which studies all points made 
in the motivation of this work. We consider a data generating process such as the 
independence assumption of the MEM is violated. And in this context we compare the 
estimation of the model parameters in the MEM versus SMEM, the (expected) mean squared 
errors of vη̂  and β̂  resulting from SMEM and PLM, the prediction power of MEM versus 
SMEM for in-sample and out-of-sample individuals, and the prediction power for the area-
level parameters. Finally, we check the proposed bootstrap procedure. 
 

3.1 The Data Generating Process 
 
Consider the data generating process 

 
where (Xdj,1, Xdj,2)t = Xdj 2ℜ∈ . For all k is Wd,k ~ U[0, 2] i.i.d., ud ~ N(0, 2

uσ ) i.i.d, and ε ~ 

N(0, 2
eσ ) i.i.d. For i = 1, 2  we have created Xdj,i = 0.8 · Odj,i + 0.5 ∑ =

q

k kdW
1

2
, with Odj,i ~ N(0, 

1) i.i.d. Further, β0 = 1.5, β1 = 1.5, and β2 = 1. We will study the performance of our method 
for q = 1 and q = 2. This gives Var[Xdj,i] ≈ 1 with Corr[Xdj,i, Wd] ≈ 0.29 for q = 1, and 
Var[Xdj,i] ≈ 1.35 with Corr[Xdj,i,Wd,k] ≈ 0.25 for q = 2; i, k = 1, 2. In Figure 1 are plotted the 
impacts of the systematic area effect ∑ =

q

k kdW
1 , )5.2sin(  for q = 1, 2. Note that for the sake of 

illustration we have concentrated here on the canonical link for the normal distribution, i.e. g 
= identity. 
 
Figure 1: The systematic area effect η for q=1 (left) and q=2 (right). 



 9

 
 
In the following we present simulation results for n = 250, d = 50, where data was generated 
from model (12) with different θ = ( 22 , ue σσ ). All results shown here are based on 250 
simulation runs. The procedures are implemented in FORTRAN90. Actually, the 
implementations of FMEM, MEM, SMEM and PLM are in a way so that they are nested 
algorithms to guarantee a fair comparison. 
 

3.2 Results 
 
Due to the data generating process (12) the independence assumption of the MEM is violated, 
therefore the estimator β̂  will be inconsistent, but it is not clear how the mean squared error 
(MSE) and bias will change with the bandwidth 0 ≤ h ≤ ∞. Our first simulation has been 
performed to study MSE and bias of β̂  as a function of v, respectively ln(h), see Figure 2. 
The underlying data generating process is (12) with q = 1 and θ = (0.5, 0.25). The figure may 
make one believe that v = 0, i.e. the FEM, would be a good choice. Notice that, this could be a 
delusion as this choice implicates the admissibility of a fixed effects model, a conclusion that 
can only be drawn from the practical context. 
 
Figure 2: MSE and Bias of β estimates for β1 and β2 as functions of bandwidth h when q=1 
and θ=(0,5,0.25). 

 
 
Next, we compare the results of our SMEM 
 

 
for a fixed bandwidth h = 0.5, with the classical MEM (h = ∞ and 2

uσ ≠ 0) 

 
and with the PLM (0 < h < ∞ and 2

uσ = 0) 
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The bias and variance for β̂  are compared in Table 1. Results are given for models with 
different θ and q. We see that the bias can become quite serious when the independence 
assumption does not hold - something that happens quite often in practice, recall the 
discussion in the Introduction. At the same time the variance is not larger (even somewhat 
smaller) in the SMEM despite the nonparametric estimate applied in this model. Before 
studying this point more in detail recall that we make use of the variance estimates θ̂  in both 
models, MEM and SMEM. Therefore, we also will have a look at the estimates of θ, see 
Table 2 where we give biases and mean squared errors (MSE) for 2

eσ  and 2
uσ . Note that 

Var[η(W)] ≈ 0.5067 for q = 1, and 1.013 for q = 2. Here, a fair comparison is not really 
possible because in the MEM, part of the variation due to η will be assigned to 2

uσ  
erroneously. 
 
Table 1: Bias and variances of β-estimates. The SMES refers to h=0,5. 

 
 
Table 2: Bias and MSEs of σ2-estimates. The SMES refers to h=0,5. 
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Although Vilar Fernández and Francisco Fernández (2002) considered a different context in 
their paper, it is clear from their theorems that our SMEM (3) will also be more efficient than 
common PLM estimators when estimating vη  (and, in our context, β̂ ). For the numerical (not 
the asymptotic) performance this might even be true if the random effects are zero, since 
when estimating model (3), 2ˆ uσ  will correct for a possible over- or undersmoothing of the 
impact of W  and vice versa. In Table 3 are compared the (expected) mean squared errors of 

vη̂  and β̂  resulting from SMEM and PLM for h = 0.5. The Expected Mean Squared Error 

(EMSE) of vη̂  is defined by ]2)}(v
ˆ - )([{ WW ηηvE . The results are supporting our 

expectations: the SMEM clearly outperforms the PLM. 
 
Table 3: EMSEs of  and vη̂  and β̂ for PLM and SMEM when the bandwidth is h=0.5. 

 
 
Another argument used in favor of MEM is their presumable prediction power, important for 
data matching when imputing factors for individuals and in small area statistics to predict 
area-, or say macro-, level parameters. Therefore, the next simulation study (see Table 4) 
compares the prediction power of MEM versus SMEM for all: in-sample prediction, out-of-
sample prediction, for individuals, and for area-levels. 
 
Here the used in-sample prediction risk measure is simply the average over the 250 
simulations runs of the mean squared error, we denote this measure by ASE for Averaged 
Squared Errors 

∑
=

=
250

1250
1  

repl

replMSEASE  

 
 

feasible EBLUP for the MEM, and ddvdj
t

dj uY ˆ)(ˆˆ ˆ  0 +++= WX ηββ  for the SMEM. Note that β̂  
and û are certainly different for the two models.  
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Now, our first out-of-sample risk is the Mean Squared Prediction Error for two particular X , 

called )ˆ,ˆ( sl YYMSE  for ⎟
⎠
⎞

⎜
⎝
⎛ ++= 5.2

3
2,5.2

3
2 qq

lX , respectively ⎟
⎠
⎞

⎜
⎝
⎛ −−= 5.2

3
2,5.2

3
2 qq

sX , 

each in a different but fixed area. 
 
Due to the nature of the MEM which basically fits the area effect with random coefficients, it 
is clear that an in-sample prediction will always do a good job with respect to the mean 
squared error. In contrast, for small and moderate sample size nonparametric methods like we 
use them for the estimation of  η  in our SMEM can have an awful numerical performance. 
Nevertheless, the results in Table 4 show that our model clearly outperforms the MEM, 
surprisingly even in the ASE, and by far in the out-of-sample prediction. Note additionally 
that valid inference with the MEM is hardly possible for our data generating processes as the 
so far available methods are typically model based and therefore ``model biased". 
  
Table 4: The average mean squared error (ASE) of the inside-sample predictors, and the 

)ˆ,ˆ( sl YYMSE  when SMEM is estimated with h=0.5. 

 
 
When predicting area-level parameter, MEM is expected to perform reasonably well 
compared to SMEM regardless of possible violation of the independence assumption. In the 
next simulation study we predict the mean parameter for each area 50,...,1=d . Two slightly 
different parameters at the area level: (i) [ ]WXYE dd ,|•=μ , this is assuming that the number 

of population units in the dth area is large; and (ii) ∑ =• =
dN

j ddjd NyY
1

/ , assuming a 

superpopulation regression model of the form (12) for the dN  population units in the dth area. 
When considering (ii), the best linear unbiased estimator of •dY  is given by 

,ˆ)1(ˆ
drdsdd fyfY μ−+=•  

where ddd Nnf /= , sy  is the average of the in-sample values and drμ̂  is the estimator of dμ  
with the mean of the djX  for the )( dd nN −  non sampled units. Therefore we only 
concentrate here on the situation when we need to predict Y for some individuals of which X 
is available. 
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 We performed two simulation runs, each with 250 replications. In both cases data was 
generated from the model (12) with q=2 but with 10 observations djX  for each area whereas 

djY  was observed only for the first 5 individuals j in each area. In the first case all djX  were 
randomly drawn (d = 1,...,50 and j = 1,...,10) and in the second we set  
 

 
 
Note that (-1,0.16,1.33,2.5,3.67) are approximately 

 
for each element X of X , with Xσ  denoting its standard deviation unconditionally from the 
area. The values djY  were generated with its corresponding djX (j = 1,...,5). As before, we 
show only results with bandwidth h = 0.5 throughout, although in simulation studies not 
shown here the SMEM with somewhat larger bandwidths 7.0≈h  outperformed the MEM 
even more, depending on the model. 
 
The results are given in form of box-plots which show the distributions of the D = 50 mean 
squared errors for different ),( 22

ue σσ  in the data generating process. In each plot the box-1 
and box-2 are refered to SMEM and MEM respectively, with 6dX  to 10dX  taken randomly; 
box-3 and box-4 are refered to SMEM and MEM respectively, with 6dX  to 10dX  as in (13). 
For better illustration we skipped the extreme large mean squared errors for the MEM (about 
2 to 5% of the data). 
 
Given the particular simulation model, the mean squared errors are generally quite small, 
especially when predicting (ii) •dY , where half of the information ( 1dY  to 5dY ) is given. 
There, the differences between the prediction based on MEM compared to the prediction 
based on SMEM is restricted to the out-of-sample prediction. Consequently, as can be seen in 
all graphs of Figure 3, the SMEM outperforms MEM by far. When turning to the prediction 
of (i) [ ]WX,|•= dd YEμ , then the mean squared errors have to increase significantly, 
representing half in-sample and half out-of-sample prediction errors. We already have 
discussed and seen in Table 4, compare the ASE, that the advantage of the SMEM over the 
MEM for in-sample prediction can become fairly small though always visible. When now 
looking at the box-plots given in Figure 4, recalling that we always have to compare box-plot 
1 with 2 and box-plot 3 with 4, the superiority of the SMEM over MEM even in this exercise 
is surprisingly strong. For the prediction of both parameters, •dY  and dμ , we see that the most 
area effects can be captured by instruments W . 
 
Figure 3: Mean squared error distributions over the 50 predicted area level parameter  •dY  for 
different data generating ),( 22

ue σσ . Boxes 1 and 2 refer to MEM and SMEM respectively, 
with Xd6 to Xd10 random; Boxes 3 and 4 refer to MEM and SMEM respectively, with Xd6 to 
Xd10 fixed. 
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Figure 4: Mean squared error distributions over the 50 predicted area level parameter dμ  for 
different data generating ),( 22

ue σσ . Boxes 1 and 2 refer to MEM and SMEM respectively, 
with Xd6 to Xd10 random; Boxes 3 and 4 refer to MEM and SMEM respectively, with Xd6 to 
Xd10 fixed. 
 

 
 
Finally, we would like to check in a small simulation study whether the proposed bootstrap 
procedure works. We consider the data generating process as in Section 3.1 with q = 1. We 
have done only 100 simulation runs with 200 bootstrap replicates being aware that this will 
give only a rough approximation. The results are given in Table 5. Following the 
recommendation of Härdle and Marron (1991), the bootstrap model was constructed using a 
pilot bandwidth g greater than h; concretely, all bootstrap samples were generated with a 
bandwidth g = 1.1 h. We also tried other values for g obtaining rather similar results. As can 
be seen, the results confirm that the bootstrap procedure can serve as a reasonable tool for 
doing inference in our SMEM. Further simulations not shown here revealed that the bootstrap 
does a quite good job for estimating the variance but sometimes, i.e. not for all cases, 
problems to catch the bias, a not surprising but rather expected finding. We therefore admit 
that further research on improving the bootstrap performance might be desirable, e.g. to give 
better bias estimates, but this is beyond the scope of this paper. 
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Table 5: Bootstrap approximations (B) of actual mean squared errors (O) for β, θ, and our 
individual predictors. Estimates and predictions are calculated in the SMEM, dimension q = 1, 
with bandwidth h = 0,5. 

 
 
 
3.3. Concluding Remarks 
 
The simulation study has confirmed all the points made in the introduction and the motivation 
of our procedure. Firstly, our SMEM allows for a smooth transformation from FEM to MEM. 
Secondly, under the wrong assumption of independence the parameter vector β  is estimated 
with a clear bias in the MEM. Also the variance of β̂  is larger than the one in our 
semiparametric alternative. Similar statements certainly hold true for )ˆ,ˆ(ˆ 22

ue σσθ = . Thirdly, 
our proposal also clearly outperforms FEM and PLM. However, recall that - asymptotically - 
such a conclusion is not surprising as our model nests FEM, PLM and MEM. This is exactly 
the strength of our innovation. 
 
Fourthly, due to the nature and the construction of the MEM made rather for prediction of 
area parameters then for estimating individual effects, one might have expected strong biases 
for the model parameters, see Tables 1 and 2. However, the simulations show that even for 
prediction of area parameters the results are better for the SMEM in both out-of-sample and 
in-sample prediction. 
 
Finally, the proposed bootstrap arms us with a valid and feasible procedure to do statistical 
inference. However, applying bootstrap in MEM when the independence assumption is 
violated is inconsistent, or more clearly said, simply wrong as it is based on a wrong model 
and therefore leads to wrong conclusions. In contrast, FEM and PLM based bootstrap will 
suffer from a large variance in practice, whereas the SMEM is consistent and has small 
variance. 
 
 
 
4 A Real Data Example 
 
4.1 Application to a Tourism Survey in Galicia 
 
For Galicia like for the rest of Spain, tourism is one of the most important economic factors. 
Therefore, official statistics and politics have a strong interest in acquiring information about 
the expenditure behavior of tourists. Presently, the Galician Statistical Institute (IGE) is 
focusing its efforts on extending their statistics to county level, in particular the level of the 
so-called comarcas of which 53 exist in Galicia. Obviously, to receive reliable information 
about a tourists expenditure is cumbersome and expensive, and one is happy with observing, 
i.e. interviewing in detail maybe 10 individuals per comarca. A peculiarity of Galicia is the 
famous pilgrim trails to Santiago de Compostela, in particular the so-called French trail. For 
example, in the holy year of 2004 about 180000 pilgrims visited Galicia, and in particular 
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Santiago2. Another tourist attraction is certainly the coast. Figure 5 shows the map of the 
comarcas of Galicia; with all comarcas having coast in light grey and the comarcas that the 
French trail passes through in grey. The comarca with name Fisterra has both peculiarities, 
and Santiago is the pilgrim center and capital. Finally, rural tourism is growing in the sparsely 
populated areas. 
 
We make use of a survey organized by the University of Santiago de Compostela in 2004. 
This survey contains information of 10 tourists per comarca including average expenditure 
per day and several characteristics of the individuals. Note that our dependent variable 
expenditure means total expenditure including accommodation, food, purchases, travel, 
leisure activities, and other miscellaneous. We have selected the set of variables described in 
Table 6. 
 
Other variables of the comarcas which at first glimpse should be important like the index of 
tourism, the index of bars and restaurants, and the index of economic activity (all the three 
being monetary quantities) have been studied but finally excluded from the model. This has 
various reasons. Firstly, all three indices have two sources for endogeneity: measurement 
error and simultaneity. In some regions of Spain bars and restaurants claim sales of about the 
same amount tourists report to consume in bars and restaurants. So either the restaurants and 
bars under-report or the tourists over-report or residents do not consume in bars and 
restaurants. Similar problems occur for the economic activity, e.g. in Spain the construction 
branch has an important impact on the Gross Product but it is commonly believed that alone 
in this sector more than 30% of the real turnover is {paid cash in hand}, that is without VAT 
(value-added tax). The simultaneity is evident. The exclusion is also justified by problems of 
multicollinearity: all three indices are strongly correlated (up to 99.4%) between each other 
and with population density (up to 98.8%). At the same time, this indicates that lpopd is a 
good instrument for the indices ``tourism" and ``bars and restaurants". 
 
Figure 5: Map of Galicia, with all comarcas having coast are in light grey, comarcas the 
French trail passes through in grey. Fisterra has both, and Santiago is the pilgrim center and 
the capital. 

                                                 
2 For details see statistics at www.santiago-today.com/santiago_article.cfm?art_id=302. 
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The inclusion of dummies in the nonparametric function vη  is not a problem but alternatively 
a partial linear modelling could be considered. However, we observed interaction between 
lpopd, ftrail so that we preferred to disregard that alternative. Next we performed a simple 
linear regression of each covariate of the comarcas on the individual characteristics to study 
the dependence structure. For lpobd we got 063.2 =R , for ftrail 179.2 =R , and for coast 

076.2 =R . This indicates dependence so that the independence assumption necessary for 
MEM is violated. 
 
Table 6: Descriptive statistics: mean, standard deviation, and median. 
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Firstly we give the coefficient estimates for five different smoothing parameter, including 0 
and 1000, together with the bootstrap estimates of the standard errors, see Table 7. The 
bandwidths have been Wchh σ=  with  0=ch  (giving a FEM), 0.2, 0.4, 0.8, and 1000 (giving 
a MEM); where Wσ is the vector of standard deviations for the comarca covariates. In the 
bootstrap we used g = 1.1h as the pilot bandwidth for the pre-estimation, and 400 bootstrap 
replications. 
 
Table 7: Coefficient and variance estimates with their bootstrap standard errors. 
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Table 8: For FEM, the parametric estimates (parametric orthogonal least squares regression) 
of the standard errors (O) and the bootstrap approximation (B). 

 
 
For the FEM, see the columns refer to 0.0=ch  in Table 7, we can compare the results with a 
parametric orthogonal least squares regression to check the robustness of our implementation 
when applying it to real data. The coefficient estimates coincide perfectly with the numbers 
given in Table 7 and we get an 3908.2 =R . The parametric estimates of the standard errors 
deviate only slightly from the bootstrap analogs, see Table 8 which is organized like Table 7. 
We conclude once more that the bootstrap approximation seems to work reasonable well. 
However, have in mind that also the bootstrap estimates certainly are model based estimates. 
So if it is used for example to approximate the mean squared error of a predictor in the MEM 
although the independence assumption is violated, then it is clear that the bootstrap will 
strongly under estimate the true mean squared error. 
 
Next, the aim is to predict 

 

 
or •••• −= YYY dd :~ . We have done this with the same bandwidth and the same bootstrap as 
above. While the coefficient estimates in Table 7 seem not to change a lot with the chosen 
model, the estimation of these parameters do. For half of the comarcas d, their •dY~  is 
changing significantly with the chosen model; some of the values tripled when changing from 
one model to the other, others changed signs, etc. For illustration issues let us denote by 

1000...0 521 =<<<= hhh  the five different smoothing parameter. We are interested in 
differences between the MEM 5h  and the SMEM ( 2h , 3h , 4h ), respectively the FEM ( 1h ), 
and between the FEM and the most flexible SMEM ( 2h ). First, note that for ••Y  we have 

 
 
For an easier comparison of the different predictions of •dY~  we have plotted in Figure 6 the 
differences between predictors based on different models, i.e. based on the different jh . We 
can see from these graphs that the differences are quite serious and the bootstrap estimates of 
the standard deviations (not shown them here) reveal that many changes are significant. 
 
Finally, let us simply look at he number of sign changes of •dY~  when switching from model to 
model. When we express the models simply in terms of lh (l = 1,2,3,4,5), we observe the 

following number of sign changes ( 0~ <•dY  to 0~ >•dY  or vice versa) for the 53 comarcas: 
 
Figure 6: Densities of the differences )(~)(~

kdjd hYhY •• −  for different j,k=1,2,3,4,5 
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This brings to evidence once again that possible dependence between X and the area effect 
matters a great deal. Conclusions like political decisions, which are based on •dY~  can 
therefore be strongly misleading if they rely on simple mixed effects models, or highly vague 
if based on simple fixed effects models (due to the large variance). 
 
 
 
4.2 Concluding Remarks 
 
Summarizing, we have got an idea that the model choice not only matters, an inappropriate 
choice can give rather misleading estimates and predictions. The bootstrap estimates of the 
standard error decrease clearly with increasing bandwidth giving the smallest values for the 
MEM. Unfortunately, we know that for the MEM the model bias is the most serious problem 
but is not captured by the parametric bootstrap. Not surprisingly, we conclude that our SMEM 
arms the practitioner with a powerful tool but cannot overcome the bias-variance trade-off 
inherit in all statistical problems. Further research will be directed into studying a possible 
data adaptive choice of the switcher. However, in practice this choice will often be - at least to 
some extent - subject to the empirical researchers aims and interests, and it is not clear what 
would be the most opportune objective function for such a bandwidth choice. 
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