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Abstract

In this paper, point prediction and prediction intervals (Pls) of
artificial neural network (ANN) based downscaling for mean
monthly precipitation and temperature of two stations (Tabriz
and Ardabil in North West of Iran) were evaluated using
general circulation models (GCMs). Pls were constructed by
novel Upper Lower Bound Estimation (LUBE) method in
which an ANN with two outputs was constructed for
estimating the prediction bounds. Also, Bootstrap method as a
classic technique for assessing uncertainty of ANN was used
to further examine the proposed LUBE method. In this way,
the accuracy of Pls was quantified by coverage and width
criteria. Three GCMs, Can-ESM2, BNU-ESM, INM-CM4 and
ensemble-GCM (ensemble of mentioned models) were used in
four grid points around each of station for evaluating ANN-
based downscaling of precipitation and temperature
parameters. Comparison between the results of two methods
indicated that LUBE method could lead to more reliable results
than the Bootstrap method. PIs width and coverage probability
were 10% to 40% lower and 2% to 10% higher than the
Bootstrap method for different GCMs, respectively.
Ensemble-GCM led to more accurate results so that computed
Pls width and coverage probability were 10% to 60% lower
and 2% to 20% higher than those for the single GCMs.
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Fig. 1- Case study map and grid points around two stations
o] 93 Bl,bl aSius bli g anlllae 390 ddlaie dids - S50

VAN Gl oF 0 ylowd (o3 35k Jlw ¢yl 1] O aslio ol
Volume 15, No. 4, Winter 2020 (IR-WRR)

YAQ


http://cera-www.dkrz.de/

dibie glp BECM (oloipliogs) 5Sdas )3 (il (Senl
S8 disee wlaass L(Lee and Kim, 2017) )b ol
|y osly  sitee slaae 8L Gl 5o laosls (g Sllg 5,505,
Nourani et al., 2018; Hossieni Baghanam) cul 635" <!
S5l gy MI ks e g, 5 adlle oylys (et al., 2018
SLGCM (lyy (39,9 (sluxl (slaosls oy 5l 55 slasdg )
2 e leisbiogy ¢y Sllae claelSiugl 5 cilixe
b s e 4503 (g5l Jie 5 4 bl 5l .l o o3lizsl ANN
Ll (295 5 3909 0w (had < dally (el (s e e
ey Clpli )1 3929 (295 9 63959 O (b 55 4o
ANN (s e csiludio sl b sloons | B 350
SleMbl (6y95 b 29,51 (Nourani et al., 2015) 340 osliul
il Jazo| @255 p 3 53 Cmbad pae g ol oo (slol Jlime
b uyS (V) Cogo @ Y 9 X (Bolai pie 93 G MI
:(Yang et al., 2000)

MI(X,Y)=H(X)+H(Y)-H(X,Y) (1)
ited Y g X o951 s as H(Y) 9 HX) oS

lie g N Jsb b X alad pite ol ogld g
2} Oyge & (PLP2,...,Pr) jblie sby Jlais! g (X1,Xz,...,Xn)
:(Shannon, 1984) >4 o duwl>xe

H(x)=- X}, P(X;) log [P(X))] (v)
aaS el Y g X Spie ooyl HXY) (V) daly 5
:(Gao et al., 2008) 545 oo dwlxs yj & ygo

HX,Y)=-2}, X}, p(X;,YDlog [P(X;,Y)] ()

55 plogl ailate (5l 13 GOM gy M o Slllo & a5
Nourani et ) cul 48,5 ;1,8 ob5,l 3)50 calisee GCM
sle e 5 (al., 2018; Hosseni Baghanam et al., 2018
» wolas 3,Ske INM-CM4 4 BNU-ESM Can-ESM2
U lidss 58 e 50 i 5 4 a8 Wlazsl b Jde plo b dwslde
0825 3o dw plcnlply (N Jgie) SlaBl dsgs 4oy 9
9 L3 g ok lale (:Sle (i lp ol S5 g (oses
5 e o odlizd oyl e Jlad ) sl 9 o oS!
aSus b sl odly Jleel wlgh adlae (pais oS ool
Beecham et al., ) wlo,S aub 1) adllas 590 adlaie Glb
o Blbl s abi s o ) bodiS i ie W 42014
ool Js 4y loas a3 s o il Jse sl Sledllas oK)
bl sl plply aitad sy oldlgs (5ye ) oK) 93 oS
GCM 2 sl s (b 855 (o0 2 3 ) oBian] 9> oS 483
oW [y GCM o (glys wyiwd )3 (sl psiio Can Vo> sl
Sub dhai o gly s lie i e @y 9 395 B30
2 &y yeiie Cungy 9 3o o INM-CM4 4 BNU-ESM (sl Jue
iy Cul 005 43S i ,> Can-ESM2 Juo S dlais
5 99 sl ) (M) TS ie aleMbl ( Jas
g5, bl 4l ((Yang et al., 2000) slialio (slaosly

ol 05 030l ANN 5y o _sabos ooy 5o

Beiod (g, V-
Poe 55399 LW -V -Y-Y
S bl picren s LGCM 550 Glsasl daoals obj dlaxs

Table 1- Used GCMs
s 83wl SLGCM -y Jous

Centre Centre Model
Acronym
Beijing Normal University, China BNU BNU-ESM2
Canadian ~ Centreor ~ Climate
Modelling and analysis, Canada
CCCma Can-ESM2

Russian Academy of Sciences,
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P: variables, which vary at pressure levels

Grid size Applied climate Pressure levels
variables in GCMs
281" x 281 Pua: eastward wind; 100;
Pva: northward wind; 200;
Pzg:geopotentialheight; gggf
Phur: relat!v_e huml_dl_ty; 700;
Phus: specific humidity; 1,000;
tas: air temperature; 2,000;
uas: eastward near-surface wind; 3,000;
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2.81° x2.81° psl: air pressure at sea level; 7,000; .
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hfls: surface upward latent heat flux; 15.000-
prc: convective precipitation flux; 20,000;
pr: precipitation flux; 25,000;
hurs: nearsurface relative humidity; 30,000;
huss: near-surface specific humidity; gg*gggf
evspsbl: water evaporation flux 60,000:
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15 x2° 92,500;
100,000
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Table 2- values of Z for different Pls (Grant and
Leavenworth, 1972)

Grant ) iseo ot yiws Jolgd (§lpm Z ja3lio -Y Jous>
(and Leavenworth, 1972

Pl z
75% 1.15
90% 1.64
95% 1.96
99% 2.58

&S s g s Y

P2 e leigebion) (hg) b sl cwdn -Y-Y
ANN

o 3 S m g e g bl Slaalie polis o MI e
5 35 (yhwodl cilisee g5 5 pdaw 13) GCM I yiausos] gloosss’
Oy b B jyite 5 005 Al o] jo Blbl aSs abaii
ANN  (35)5 sl MI
b ol odds ool L ¥ Jgds 50 o Cloesl (slaodisS o i
(Va) Jlod Cuas 41 2y Jlogil M) (i gl F Jgu s 425
ol ba L GCM aw p |y Ml olie oy yiy (t2) loa (slod 5
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Iy 31 Cp iy 3240 o] 53 &S o Glwsl e ol )by Lals
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b3 59, 3 ol Cashy & Wil o dag)l azlyd 4 Kb abas
sbrogS 5ol sl a8 cnlva s e el )5 e 3l
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Table 3- Selected dominant inputs by M1 for different GCMs
Gl SLGCM (gl MI dlowg s s C5G! CILE g 63959 -Y Joua

Dominated inputs

Dominated inputs for

Dominated inputs for Dominated inputs for

Model for precipitation precipitation modeling of temperature modeling temperature modeling of
modeling of Tabriz Ardabil of Tabriz Ardabil
Hfls(AB) Ua85000(A6) va92500(A5) hur100000(A6)
zg3000(A2) hus2000(A6) va20000(A1) hur10000(A3)
BNU-ESM uas(A2) hus15000(A2) hur7000(A1) tal100000(A6)
Hus10000(A4) Hus5000(A3) hur15000(A4) zg70000(A6)
ual000(A5) evspsbl(A5) hur15000(A2) zg3000(A2)
Hus7000(A1l) Hus1000(A2) Hur15000(A2) Va70000(A4)
hus10000(A5) hur1000(A3) va70000(A1) hur10000(A2)
Can-ESM2 hur700(A4) tas(A2) hurl5000(A1) va30000(A5)
Evspsbl(A4) Uas(A3) va92500(A5) hfls(A6)
hus7000(A4) hus300(A3) hur10000(A4) hur7000(A6)
hus3000 (B5) Hus7000(B3) Evspsbl(B1) hur10000(B2)
Hur30000(B5) hur1000(B3) Evspsbl(B2) hur7000(B2)
INM-CM4 Hus7000(BS) hur3000(B6) hur15000(B1) hfls(B3)
zg3000(B1) zg7000(B6) va3000(B4) va70000(B2)
prc(B1) Hus92500(B6) va3000(B5) ta50000(B3)

Note: GCMs grid points are based on Fig. 1, (at A1, A2, ..., B1, B2, ...)
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Fig. 4- Schematic of the GCMs ensemble model
GCM s cuf y Suilend —F IS0
Table 4- Point prediction results for two stations
it 93y (glahall (om ol gl -F Joua
Parameter Station Model NSE NSE cC cc RMSE” RMSE” Epoch Hidden
train verification train  verification train verification number Neurons
number
Can-ESM2 0.3 0.29 0.55 0.54 0.03 0.03 200 3
- g BNU-ESM 0.36 0.33 0.55 0.6 0.1 0.08 140 6
.g = INM-CM4 0.32 0.29 0.57 0.57 0.15 0.2 100 4
8 Ensemble-GCMs  0.49 0.47 0.7 0.71 0.11 0.09 130 4
% — Can-ESM2 0.26 0.2 0.42 0.62 0.5 0.64 140 2
g 2 BNU-ESM 0.37 0.36 0.55 0.38 0.3 0.42 160 3
g Can-ESM2 0.3 0.29 0.55 0.54 0.45 0.41 150 8
Ensemble-GCMs  0.36 0.33 0.55 0.6 0.1 0.08 240 3
Can-ESM2 0.77 0.69 0.88 0.83 0.11 0.12 280 9
° g BNU-ESM 0.78 0.73 0.88 0.86 0.07 0.07 240 5
é = INM-CM4 0.8 0.63 0.89 0.81 0.07 0.1 310 11
© Ensemble-GCMs  0.89 0.74 0.94 0.87 0.07 0.11 200 3
S _ Can-ESM2 0.93 0.63 0.96 0.86 0. 06 0.09 320 12
g '-(55 BNU-ESM 0.84 0.81 0.91 0.91 0.12 0.13 160 4
= ;E( INM-CM4 0.90 0.87 0.94 0.91 0.09 0.1 230 4
Ensemble-GCMs  0.97 0.82 0.97 0.82 0.04 0.08 140 4

*implies normalized RMSE values
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Table 5- Pls results for both stations via Bootstrap and LUBE methods
LUBE g &y g3 (g y b 0] 93 32 WP -0 Joua

Parameter Station GCM Bootstrap LUBE

PICP NMPIW PICP NMPIW

Tabriz Can-ESM2 0.92 0.57 0.77 0.65

INM-CM4 0.88 0.49 0.92 0.67

BNU-ESM 0.86 0.46 0.96 0.67

Ensemble-GCMs 0.67 0.27 0.93 0.48

Temperature ——x japil Can-ESM2 0.96 0.65 0.82 0.4

INM-CM4 0.95 0.55 0.73 0.44

BNU-ESM 0.87 0.38 0.7 0.28

Ensemble-GCMs 0.86 0.38 0.93 0.43

Tabriz Can- ESM2 0.94 0.88 0.90 0.50

INM-CM4 0.93 1.15 0.90 0.77

BNU-ESM 0.94 0.66 0.83 0.87

Precipitation _ Ensemble-GCMs 0.64 0.3 0.93 0.35

Ardabil Can-ESM2 0.95 1.2 0.77 0.36

INM-CMA4 0.88 0.61 0.78 0.39

BNU-ESM 0.94 0.58 0.56 0.29

Ensemble-GCMs 0.93 0.75 0.90 0.51
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