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eneralized additive models play a special role for several reasons.
First, they are natural extension of the generalized linear models.
Second they can be used for time dependent observations. And most

importantly semiparametric extension is available.The choice of the degre-

Binomial Additive Modeling for
Nonlinear Relationships

AABBSS  TTRRAACCTT OObbjjeeccttiivvee:: In most of the fields, researcher misapplies linear models, although there are
more complex models needed. In this study generalized additive modeling of a real life data set is
taken into account for binomial response case. MMaatteerriiaall  aanndd  MMeetthhooddss::  Generalized additive models
(GAM) have become an elegant and practical option in model building. Those models represent an
extension of generalized linear models (GLM) with a linear predictor involving a sum of smooth
functions of covariates. GAMs allow for rather flexible specification of the dependence of the
response on the covariates by specifying the model in terms of smoothing functions besides linear
components. The advantage in that type of modeling is that the forms of the explanatory variables
are not predetermined unlike in linear regression modeling but are constructed according to
information derived from the data. This provides significant advantage for the nonparametric
modeling over the linear regression modeling. RReessuullttss::  The models that are constructed for different
components are interpreted and compared using Un-Biased Risk Estimator criterion. The model
which best explains the structure of the dataset using splines in term of UBRE is given.  

KKeeyy  WWoorrddss::  Linear models; models, statistical; models, theoretical 

ÖÖZZEETT  AAmmaaçç:: Pek çok alanda araştırmacılar daha karmaşık regresyon modelleri oluşturmaları
gereken durumlarda, yanlışlıkla doğrusal modelleme yapmaktadırlar. Bu çalışmada binomial yanıt
değişkeni olduğu durumda gerçek bir veri seti için genelleştirilmiş toplamsal modelleme ele alın-
mıştır. GGeerreeçç  vvee  YYöönntteemmlleerr:: Genelleştirilmiş toplamsal modeller model kurmada iyi ve pratik bir
seçenektir. Bu modeller, bağımsız değişkenlerin düzgün fonksiyonlarının toplamını içeren bir
doğrusal tahminciyle oluşturulmuş genelleştirilmiş doğrusal modellerin genişletilmiş halidir.
Genelleştirilmiş toplamsal modeller doğrusal bileşenlerin yanısıra düzeltilmiş fonksiyonların oluş-
turduğu terimleri de içererek, bağımsız değişkenler ile bağımlı değişkenlerin belirlenmesinde daha
esnek bir yapıya sahiptirler. Bu modellemenin bir avantajı açıklayıcı değişkenlerin şekli doğrusal re-
gresyonda olduğu gibi önceden belirlenmek yerine veriden alınan bilgiye göre oluşturulur. Bu
durum nonparametrik modellemenin doğrusal regresyonla modellemeye göre belirgin bir avanta-
jıdır. Sonuçlar: Farklı bileşenler için kurulan modeller yorumlanmış ve yansız risk tahmincisi kri-
terine göre karşılaştırılmılştır.  Veri setinin yapısını UBRE skorlarına gore en iyi açıklayan model
verilmiştir.
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e of smo oth ness is in teg ra ted with va ri ab le se lec ti -
on in a com pu ta ti o nally ef fi ci ent man ner using cri-
te ri a such as GCV or UB RE. 

Ad di ti ve reg res si on mo dels we re in tro du ced
in the early eigh ti es, and ex ten ded by the work of
Bu ja et al. and Has ti e & Tibs hi ra ni.1,2 Sto ne and Ne -
wey stu di ed pro per ti es of es ti ma tors.3,4 Op so mer
and Rup pert and Op so mer stu di ed asym pto tic pro -
per ti es of the back fit ting es ti ma tor in de ta il.5,6 Mo -
del se lec ti on met hods for GAMs are still un der
study. Ho we ver, Ge ne ra li zed Cross Va li da ti on
(GCV) and Un-Bi a sed Risk Es ti ma tor (UB RE) are
com monly used in re cent stu di es.7,8

In this study, oc cur ren ce of fi re will be con si -
de red as a ran dom phe no me non and a ge ne ra li zed
ad di ti ve mo del with se ve ral exp la na tory va ri ab les
will be fit ted. It is cle ar that fi res de pend on lo cal
con di ti ons such as: ele va ti on, wind spe ed, pre ci pi -
ta ti on, air hu mi dity, to pog raphy and ot her va ri ab -
les. Alt ho ugh the me te o ro lo gi cal va ri ab les are
im por tant the re are so me ot her va ri ab les might be
im por tant, to o. Our aim is to ob ta in a mo del which
best exp la ins the struc tu re of the da ta set using spli -
nes in terms of UB RE.

The fo rest fi re hap pens be ca u se of two ma in
re a sons, the hu man er ror or the na tu re pro cess.
This study will con cen tra te on me te o ro lo gi cal va -
ri ab les ot her than the hu man er ror. In de ed, most
of the stu di es fo und that we at her du ring the fi re
se a son is the most sig ni fi cant fac tor and ra in fall has
a mo dest ne ga ti ve re la ti ons hip with the burnt are -
a. In de ed, fo rest fi re is one of the most dan ge ro us
ha zard for the hu man be ing. Be ca u se of that, it de-
ser ves con si de rab le at ten ti on to pre vent this di sas -
ter on ti me. Kno wing that what ca u se the
sig ni fi cant fi res will play es sen ti al ro le for the ne -
ces sary pre ven ti on plans.

Sin ce the fi res are one of the ma jor en vi ron -
men tal con cerns in all over the world, the risk
analy sis of pro ba bi lity of oc cur ren ce a fo rest fi res
ha ve al most be en in te res ting fi eld for re se arc hers.
Pre is ler, Ha a se and Sac kett de ve lo ped a stoc has tic
mo del for tem pe ra tu re pro fi les re cor ded at fo ur
depths be ne ath the so il du ring a lar ge pres cri bed
burn study and they as ses sed the tem po ral fit of the

da ta to par ti cu lar so lu ti ons of the he at equ a ti on
using ran dom ef fects mo del.9 Bal lart and Ri ba exa -
mi ned the re la ti on bet we en go vern ment me a su res,
hu man par ti ci pa ti on, cli ma te va ri ab les and fo rest
fi res.10 Mil ler and Yo ol com pa red the si zes of si m-
u la ted fi re are as re sul ting from fu els maps.11 Di az-
Del ga do, Llo ret and Pons es ti ma ted fi re fre qu ency
in Ca ta lo ni a for the last qu ar ter of the 20th Cen tury
from his to ri cal bur ned are a maps fit ting a We i bull
dis tri bu ti on to the ob ser ved pro por ti on of fi re in-
ter vals.12

Da ya nan da and Man dal laz and Ye emp lo yed
Po is son dis tri bu ti on for the num ber of fi res.13 Mar -
tell men ti o ned that Syming ton sho wed that in the
Parry So und dis trict of On ta ri o, the ne ga ti ve bi no -
mi al dis tri bu ti on fit the his to ri cal fi re oc cur ren ce
da ta bet ter than the Po is son dis tri bu ti on.14 In anot -
her ap pro ach Po u lin and Cos tel lo used the lo gis tic
dis tri bu ti on.15 Bril lin ger, Pre is ler and Be no it stu di -
ed pro ba bi lis tic risk as sess ment using ge ne ra li zed
mi xed mo del.16

GENERALIZED LINEAR MODELS
Let y1,..., yn de no te n  in de pen dent ob ser va ti ons
on a res pon se. In the ge ne ral li ne ar mo del we as su -
me that Yi has a nor mal dis tri bu ti on with me an μi
and σ2.

GLM re la xes the as sump ti on of nor ma lity by
sup po sing the res pon ses  are drawn in de pen dently
from a one pa ra me ter ex po nen ti al fa mily dis tri bu -
ti on, with den sity or pro ba bi lity func ti on

(1)

He re, �i is the na tu ral pa ra me ter of the ex po -
nen ti al fa mily, φ is the sca le pa ra me ter. The form
of the dis tri bu ti on in Eq. (1) is de ter mi ned by the
func ti ons b and c. In GLM the se cond as sump ti on
on the me an is that it fol lows a li ne ar mo del. A
trans for ma ti on of the me an, g(µi) is gi ven by Eq. (2):

(2)

and is cal led the li ne ar pre dic tor. The func ti on
g(µi) is cal led the link func ti on. Link func ti ons in-
c lu de of se ve ral examp les: Iden tity, log, lo git, pro-
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bit and re cip ro cal. Sin ce the link func ti on is one to
one, it can be in ver tib le as 

(3)

The re fo re, the qu an tity    is much simp ler
than the mo del for µi. He re it sho uld be no ted that
the trans for ma ti on is not re la ted to yi but its ex pec -
ted va lu e of µi. 

Nel der and Wed der burn pro po sed Fis her sco -
ring as a ge ne ral eva lu a ti on of     .17 Each ite ra ti on of
Fis her sco ring met hod for nu me ri cal eva lu a ti on of
the ma xi mum li ke li ho od es ti ma ti on is we igh ted le -
ast squ a res reg res si on. So that, the es ti ma tes of pa-
ra me ters ,  are ob ta i ned by ite ra ti vely re-we igh ted
le ast squ a res in GLM. 

GENERALIZED ADDITIVE MODELS
A ge ne ra li zed ad di ti ve mo del is a li ne ar pre dic tor
in vol ving a sum of smo oth func ti ons of co va ri a tes.
The mo del is gi ven in Eq. (4)

(4)

He re,        is the ith row of the mo del mat rix
for any strictly pa ra met ric mo del com po nents,
i=1,…,n. is the cor res pon ding pa ra me ter vec tor.

and Yi has so me ex po nen ti al fa mily dis-
tri bu ti on. Ad di ti ve mo dels are at trac ti ve as they
pro vi de ef fec ti ve di men si on and gre at fle xi bi lity in
mo de ling.2 For the cho i ce of the deg re e of the smo -
oth ness in GAM, un bi a sed risk es ti ma ti on (UB RE)
is used. 

GAM is fit ted by back fit ting al go rithm. It can
be rep re sen ted using pe na li zed reg res si on spli nes
and the ap prop ri a te deg re e of smo oth ness for the  

can be es ti ma ted by UB RE.18 The fit ting ob jec-
ti ve amo unts to mi ni mi zing 

(5)

with res pect to β. He re, Sj is cal led the pe nalty ma-
t rix and λ is smo ot hing pa ra me ter. For nu me ri cal
re sults, pe na li zed ite ra ti ve re we igh ted le ast squ a res
met hod is pre pa red. UB RE is used for smo ot hing pa-
ra me ter se lec ti on and it is de fi ned as in Eq. (6) 

(6)

A in di ca tes the inf lu en ce mat rix. Hen ce, it se -
ems re a so nab le to cho o se smo ot hing pa ra me ters
which mi ni mi ze the UB RE, when σ2 is known.19

APPLICATION
Va ri ab le se lec ti on is an im por tant is su e in both pa -
ra met ric and non pa ra met ric in na tu re. Ho we ver,
non pa ra met ric fra me work is mo re chal len ging
than a pa ra met ric ap pro ach be ca u se of the lack of
un derl ying as sump ti ons that ma kes it dif fi cult to
de fi ne a ge ne ral test ap pro ach for va ri ab le se lec ti -
on. The oc cur ren ce of fi re is con si de red as a ran-
dom phe no men and a ge ne ra li zed ad di ti ve mo del
with se ve ral exp la na tory va ri ab les is fit ted. The re-
s pon se va ri ab le is de fi ned as (burnt are a) the bi no -
mi al va ri ab le. For so me spe ci fic va lu e, we de fi ned
that burnt are a is big eno ugh to say that the fi re is
lar ge and for ot her ca se it is in sig ni fi cant.

The re are se ve ral fi re we at her in dex systems
cons truc ted such as Ca na di an Fo rest Fi re In dex
System, The French In dex (RN), the Spa nish In dex
(ICO NA), etc to com bi ne the af fects of se ve ral va -
ri ab les.20 Fi re We at her In dex (FWI) is the first part
of the Ca na di an Fo rest Fi re Dan ger Ra ting System
in tro du ced in to New Ze e land in 1980. The FWI is
ba sed on we at her re a dings ta ken at no on Stan dard
ti me and ra tes fi re dan ger at the mid af ter no on pe -
ak from 2 to 4pm. We at her re a dings re qu i red are:
air tem pe ra tu re (in the sha de), re la ti ve hu mi dity
(in the sha de), wind spe ed (at 10 me ters abo ve gro -
und for an ave ra ge over 10 mi nu tes), ra in fall (for
the pre vi o us 24 ho urs). The FWI has six com po -
nents: fi ne fu el mo is tu re co de (FFMC), duff mo is -
tu re co de (DMC), dro ught co de (DC), ini ti al spre ad
in dex (ISI), bu ild up in dex, fi re we at her in dex.

FFMC: this is a nu me ri cal ra ting of the mo is -
tu re con tent of sur fa ce lit ter and ot her cu red fi ne
fu els. The FFMC ra ting is on a sca le of 0 to 99. Any
fi gu re abo ve 70 is high, and abo ve 90 is ex tre me.

DMC is a nu me ri cal ra ting of the ave ra ge mo -
is tu re con tent of lo o sely com pac ted or ga nic la yers
of mo de ra te depth. The co de in di ca tes the depth
that fi re will burn in mo de ra te duff la yers and me -
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di um si ze wo ody ma te ri al. The DMC ra ting is dry
if mo re than 30 or in ten si ve bur ning will oc cur in
the duff and me di um fu els if abo ve 40.

DC is a nu me ri cal ra ting of the mo is tu re con-
tent of de ep, com pact, or ga nic la yers. It shows the
li ke li ho od of fi re in vol ving the de ep duff la yers and
lar ge lags. The DC ra ting of 200 is high, and mo re
than 300 is ex tre me which in di ca tes that fi re will
in vol ve de ep sub-sur fa ce and he avy fu els.

ISI in di ca tes the ra te fi re will spre ad in its
early sta ges. It is cal cu la ted from the FFMC ra ting
and the wind fac tor. The ra ting starts from 0 to 10
which me an a high ra te.

The in for ma ti on of the da ta used is lis ted below: 

Tem pe ra tu re (Temp) - in Cel ci us deg ress (2.2
- 33.30)

Re la ti ve Hu mi dity (RH) - in % (15.0 - 100)

Wind Spe ed (Wind) - Wind spe ed in km/h
(0.40 - 9.40)

FFMC - FFMC in dex from the FWI system
(18.7 - 96.20)

DMC - DMC in dex from the FWI system (1.1
- 291.3)

DC - DC in dex from the FWI system (7.9 -
860.6)

ISI - ISI in dex from the FWI system (0.0 -
56.10)

The da ta set is des cri bed in de ta il in http://arc -
hi ve.ics.uci.edu/ml/da ta sets/Fo rest+Fi res (Table 1).20

CONCLUSION

We ob ta i ned a mo del which best exp la ins the struc-
tu re of the da ta set using spli nes in term of UB RE.
Be ca u se of con cur vity we ex pect to ha ve just one of
the in dex va ri ab les in the mo del. UB RE sco res sug-
gest that smo oth func ti on of FFMC and li ne ar form
of the tem pe ra tu re (mo del 15) fo und sig ni fi cant fac-
tors on the burnt are a. Sa me UB RE sco re ob ta i ned
when both FFMC and Tem pe ra tu re we re inc lu ded
in the mo del as smo oth func ti on (mo del 16). Pre-
dic ti on po wer of the mo dels may be tes ted to de ci -
de the form of the tem pe ra tu re for the best mo del.

We be li e ve that the af fect of the re la ti ve hu-
mi dity and wind spe ed has be en co ve red by the
FFMC in dex. In this study it is shown that GAMs
can be suc cess fully used for the non li ne ar re la ti -
ons hip be si des with so me li ne ar pre dic tors for a bi-

TABLE 1: Selection of models via UBRE.

p: parametric linear component; s: smooth function ;  insig: insigficant

Models FFMC DMC DC ISI Temp Wind RH UBRE

1 p 0.172

2 s (insig) p s (insig) 0.140

3 s (insig) p 0.121

4 p s (insig) 0.129

5 p (insig) 0.158

6 s (insig) p s (insig) 0.136

7 s (insig) p s (insig) s (insig) 0.156

8 s (insig) s (insig) s (insig) 0.124

9 s p s 0.034

10 s p s(insig) 0.032

11 s(insig) p(insig) p 0.032

12 s(insig) s(insig) p 0.021

13 s(insig) p 0.016

14 p(insig) s(insig) 0.125

15 s p 0.012*

16 s s 0.012*

17 s s s p -0.05
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no mi al res pon se va ri ab le. We sho uld emp ha si ze
that the stu di es with small R2 (de ter mi na ti on of co-
ef fi ci ent) va lu e is com monly ob ta i ned in many fi -
elds. This might be the in di ca ti on of so me

im por tant va ri ab les are exc lu ded from the mo del
or so me mo re comp lex mo dels are ne e ded. Ge ne -
ra li zed ad di ti ve mo dels are handy to ols to over co -
me the se prob lems.
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