\o¥ @L{‘ ya-vy ‘Gm.bsx Ao (VFeo )-\-’L{‘) Y a)Lo.& M -.\.1’ o § M 9 O‘,n.: sw..b.e,o 4.’)..20

R

¥l (olin )0 Bl i JUT (9L 351 9 (wlidio alS ;0 ARMA oo 0 )5

"S5 Lo plane

598 pla olBails (ol jas  cwaige 09,5 Ll
QUVIY 25T 125 ARIVIY 1oy AVIDA 2l o)

oS
Sldlas jo Jow cpl ¥l uldo )0 @ddl s 31 b5 6l (Autoregressive Moving Average) ARMA  Jow 059 (slocolld 5929 b
S ol Jloyi o slacs p sl oliiie (125 (g, (09 paiie (ol ol e sl 48,5 )15 azgis j0 D paiy el i ey
oo o ,Shas lie al 55 005 oo Conss Jloi @355 5 Blobie 51 solomer 55 9T 5 Lol ] Jlojipe oLl lale 5 s sl obiie 5o sk
ook &Yl slas w 0o (sl (Long Ashton Research Station Weather Generator) LARS-WG ailjg, o 5,15 3 Jow o ,Sles L ARMA a3¥L,
Eoan Glogm ol laiie cnl Jlghd aoje 9 AVl sles g i)b calize slao,lol ARMA Jow 0o oo lis guls sl oo anslie Lo
AVl sbod Syl a9 odgisl 40 cawlio o, Shos o,ls ailg, slao,lol adgisl ;o ol 8 ,Slae 45 LARS-WG Joo Lol .osS oo adgi3b o954
aVlo gbos 5 Li,b el sy Sl (@Yl [Las Bl ol jebay) Jlo o Slloss 0dgish ;o LARS-WG Syl yol cpl cde o)l
(Hadley Centre Global Environment Model version 2) HADGEM2 Jow coud8l (592 i <o ARMA Juwo 3l oolainl b )loe jlisiilga oKty
—ouiS b oy o les alidl g 5L melS 5l Sl .ad oLl (Representative Concentration Pathway 4.5) RCP4.5 Lacsl g4\l Cos
Shwlin polie 4 Cod 0o, YW LY o dlo ¥ b o8l Ollugs 730 sgam 10 g s 31 23,5 s 0 b lws ol ol Galies sl

b oo il Slaslie polie 4 Cos ax 3 YA B VIV ol 50 slos g 0l oo oS

~osls e Y sb (gl gy b oS oo oolil oyl (sla sz,
Sl & G)ll clogas o a5 1, bl gl
e Jas cnl e el anles o 5L wilans Slaslis
md8l sosls adoi sly g ainl g0 s 4y Slaalin slas
L Gl ol e b oo )8 ooliind oj50 Jl>
ol Glag s Gl GEMs o8l s slagy Lo
ges a5 ais y50 Jome slp 1) eail o ulidien
ez 5l osle goaxie bl b Jaw ol 5l oolaiul
5 el 5o o Dlpsd oad ulden; slag )l ;o )
5 Khazaei) ogi o 48,5l o o l8l Slleg o o2
5 Semenov ¥+ VY () Ken ¢ Khazaei V)Y (), Kon
O e
St g 0 B Jo (] Lansgi 000 g5 slogs pus o =Y
oad elidegy)y Glags e yo 1) it Glopite (i b

3. Weather Generators

LARS-WG Lo 5 ()b ¥l ARMA (olil i 1ol gunls

doudo —)

FOSUSINE P PRPIEAL JISTE JENTSRLE B
Y+\Y dPCC Y+ -\ dPCC) 5,5 walys o ST slaJlo
wai] 5o 8l ms Lol BT zals g Solel S sl
sily Moyt 5 5 i peldl s S el o3
UiiSTls YGEM) oges 00,5 sloJow .28 Jla o S
WS (oo it | A5 slal cdile 4 Slex ol
ot oy 05 el ln | eanl alldl slag L
o Sl Gl gy Judoas Lol (Y o) IPCC) aiiS o
o8l s S b5 sl LT 5l eiiens s3liul a GCM
ol sz el p3Y el I s canlie e ubiie o
D98 e 2 calio (hg) Sl esliiul b e Jas

shoslial (ulide 285 95 5 9 moe slahs) 5 (S
Sl oo cpl cwl Y(WGs) wbislsn slaosls Wgo sla Jow

1. General Circulation Model
2. Resolution

SANYFED- OV 5 ules o)l ¢ gtas odimgs *

(S35 ., ) m_r_khazaee@yahoo.com : | es! o]


mailto:m_r_khazaee@yahoo.com

P 0Fee 5m0) ¥ o loud D) alo o bumo 5 o3l yos (oveigeo &3 s | S35 1y vy

weldl 525 31 5] sl ARMA (sl Jus 31 555 6 cli
)A‘ Q"‘ cle ol oo solaiu (AJlJbLo 5) asYlo U"’)b » OJ..»..)T
lag s bl ) oo Lol ol i Jloel (2g,y (090 pateine
Sl Jlogi o ool mie8 a5 Col (oo yos sy (ol s
(YY), Ken g Khazaei)

&lp 1y AR (1) slole Jaw (Y- ¥) Ko g Dubrovsky
alis) SeieS gl Joo o oo 5 (31 ailale (slo(:Ske w3
Iy &lygy Jowe cpl Jo o @lblugs B oy 454 MET & Rol
SolS (Ko 05 polre 5 5 M50 Jdo 4 Lol .aisS sl
ol s ST byl sle ol 5 edae cnl e Gyl elie
(YWY o ),Ken g Khazaei) ol oouis oolaiu!

!y ARMA (1,0) Jow 5 (F4)Y) ol Ken 5 Khazaei
Swosls se G aS IWG Jow o Les (Jl (s Slluss #)a
g o ol e andl s )5 eolanul cannl wilyg, owlidlge
Sloslaiwl b pligl s zrkae (5L gl y ailale Joo 3l oolainl
W0,S byl olel 5l ablie o 1) o8l oss 3TIWG Jow
oed8l k5 w6l ARMA Jow 51 (Y410) e g Liu
e aalllae cpl 0 Lol io,S ooliiwl atidS (g Lol 0,98 4o
D95 7 ykae LGEM (slags lw Loliie 2ol 5 oas] o il

s 31 b5, 6l ARMA - Jow ol daslllas ool o
Oz (Sl 0duly odzriw Los 5 (0,L aYle (sl g s 3 ol
s a5 LARS-WG  Juw o Slee L ARMA &Yl Jow 5 Slas
o8l et BT 5ol (sl el alio; 908 50 5 J5B b Joe
7 ed8l sy T aalol o el sad anslie AVl wlide o
odds b, plogy ewlidilgn oBiug! jo oo o o)L AVl &y 595
a8 S oleie 4 ARMA  Jow slacollB a4 dllin ol .ol
sleo 5 )b s piie @l 5oss J1 L) sl el
o 418,50yl iy Slalllas o WL a5 Sjls 0 o 4Vl

Gl (9, =Y
Wools g axdliros jgo adbo —V-Y

el oo alonil oy liBlg olSiy] 55, 2 anlllas o]
s Jla 2,e YF N g 5o Job FA YA s olKius] oyl
slosls el by mhaw 51 e VEPY ] elas )l g ol ous
VAV 0,90 50 oK) pl AVl g ailjg ;) (slos g ()b oadscad
ol o ol 3k 5 Led (5eilos ol oo ool Yoo o
Jbo 50 se oo Yo F g 0,8 sl az 0 VeIV (i ey o490
0399 ol 58 0l g lags (Saiainl pians ol
el e S Qb Gl el osbye anns @81 STl

6. De Martonne

i (Siglgyen ST QL5 sl ohga pal cnl 05 Lads
sladae 53955 Olyieds (olll lags I &5 S old]
Lol (5978 395 o0 o3liinl (S5l 00
sl slass a5 el o1 by, cnl g sblpe S0o 51 =Y

4 g 9500 dlgi sl welll gl parldl Slo i gl oo
3 el s Sllags 5 o aliic g Cpalsd pae Sl i
9 Semenov ¥ - VY )|, Sen 5 Khazael) 048 co atwlS gl
(Y29A «Chapman ) AAA )|, Ken

soolas Jlsle Jols a8l ands lilugs conlad pae
Suabad pae Jalge (n St 5l lgion 9 ol (oolll (sl it
(Y- ) K g Kay) ol

A5 o logas WG i oolitul b olide (zalS sloss,
5 Semenov) LARS-WG sls Jow .ailaidly axwgs aljs, b
F(V Y o) Ken g Wilby) SDSM 4 (Y+ )+ Stratonovitch
By Dygots a5 Wlailys, a5 50 Lo Jas (ol 0 5y 50ie bz
GCM (29,5 oliie (2alS (gl Cuidpa b Lo calizee LGS 5o
Gk ol a5 e sl Loges La s ol slass, S Lo
-4 ailisy obde jo Iy 5 - Sas L8, 5 (Luil)ls 5 52Sle)
ool alaz ) o crnr ol fy Ul iS55 Sl (5>
Ve o) JPCC) oS cod adgish gwyon |y (@Yl L slals
Semenov ¢V - - Y (| Ko g Fowler «Y+\¥ .| IS g Rana
3 Dubrovsky ¥+ VY (|, g Khazaei <29A )|, Ken 4
s Ng «¥--\ Hansen o Mavromatis «¥--¥ ., Ken
b 0 (Y0V - ()] )Ken g Khazaei ¢ Y-V ) Sen
sads alil ailj, sl o baws oliie 2ol a5 Slalllas
G 555 VLo 5 wlole (slogsSieo  paldl joris 51 ool
WYl sl m adg lgee Slallae ol jo Ll ol ous
AVl ubde ;o Jow o Sl i g el 009.5 4530 550 b s
ool 2b)l eVl @595 2 eeldl ss Sl A g cosl a2
AV () 5 (Mo AT (L Ker 5 yelle) ol
AOYAY ) Ses g Lo,

2 el sy S b5l sl asles oo ailyg, WG slo Jaw
5 cans Judo 4 Lol g, S5 4 Al 5 albble glo (1 Sile
IS TP e By PRV I I WS R
Al &S o)lse o Nlolgl aV¥lo 8 5o S5l &595 9
ailins alez 1) ik J5syse Gloj o5l o el i
- Jae 5l Logitns Conl conlin o JlocSizs alluas sbao g0
TS gl oo op e 5l 09 solaiw] aV¥le sla
Symie xSl dlicandgs  sloJoe (alale g) aiVle
O OB Mg (omy 2 Slse 2 ] 9929 b waitun S(ARMA)

4. Stochastic
0. Auto Regressive Moving Average
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9. Over fitting
10. Akaike Information Criterion
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7. Autocorrelation Coefficients
8. Partial Autocorrelation Coefficients
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1. Introduction

As a result of recent human activities, the concentration of greenhouse gases has been increased, and
consequently, the temperature of the Earth’s surface has been raised. Also, it is expected that the temperature
of the Earth’s surface will be increased in the future (IPCC, 2001; IPCC, 2013). This increase will also influence
other climate variables such as precipitation. For an active adaptation strategy, it is necessary to assess the
potential future climate change impacts. To obtain future climate scenarios, the most common tools are GCMs.
Since the resolution of the GCM outputs is course, it is necessary to downscale its outputs. Among downscaling
techniques, Weather Generator (WG) method has several unique advantages, such as: 1-Changes in various
statistics, predicted by the GCMs experiments, may be preserved in downscaled series (Khazaei et al., 2013;
Semenov et al., 1998). 2-WGs produce long-term series that decrease the uncertainty of climate variability
(Chapman, 1998; Semenov et al.,, 1998). ARMA model and daily LARS-WG model are two stochastic WGs. LARS-
WG is frequently used for climate change impact assessment. But despite the specific capabilities of the ARMA
model to assess the impacts of climate change on an annual scale, this model has been rarely considered in
previous climate change studies. The reason is that it is not clear how skewed series can be downscaled using
this model (Khazaei et al,, 2013). Precipitation series on the daily and monthly time-scales is often skewed, but
annual rainfall in many areas has a normal distribution. In this paper, the performance of the annual ARMA
model and the LARS-WG daily model for generating annual rainfall and temperature series is compared. Then,
the ARMA model is utilized to downscale GCM outputs and climate change impact assessment.

2. Methodology

LARS-WG model was fitted to the daily temperature and precipitation series of the Zanjan station. Daily
temperature and precipitation series were generated and an annual series were produced by aggregating the
daily series. Also, annual ARMA models of various degrees were fitted to the observed annual temperature and
precipitation series. Model tests, including the reliability of parameters, the parsimony of parameters,
independence of residuals, and normality of residuals, were performed to the models to obtain the best model
for each variable. Among the ARMA models, the ARMA (1, 0) for annual temperature and the ARMA (0, 0) for
annual precipitation were found as the best for Zanjan station. For validation and comparison of the
performance of the ARMA and the LARS-WG models, 100 series of each variable of length 30 years were
generated. Statistical characteristics of the generated series were compared with the corresponding observed
series characteristics. Observed statistics falling within the 90% interval of the corresponding generated
statistics were considered as suitable model performance. ARMA models were selected for climate change
impact assessment on annual precipitation and temperature. Downscaling using the ARMA model is described
as follows: Using the annual GCM outputs for the control period and for the future scenario, annual averages
and standard deviations of precipitation and temperature were calculated. Then relative changes of the GCM
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output statistics were applied to the corresponding observed statistics. The obtained statistics were used
instead of observed statistics in the ARMA model to generate future downscaled scenarios. Climate change

impact on annual precipitation and temperature of the Zanjan station was assessed using HADGEM2 outputs
under the RCP 4.5 scenario.

3. Results and discussion

The results show that the ARMA model well reproduces the various statistics of annual observed rainfall
and temperature, as well as the frequency distribution of these variables. But the LARS-WG model, which has
a good performance in the reproduction of daily statistics, does not have an acceptable performance in
reproducing the annual distribution frequencies. It is because of the inability of the LARS-WG model in
reproducing inter-annual variabilities (especially annual standard deviation) (Fig. 1). The results of climate
change impact assessment on annual precipitation and temperature of the Zanjan station indicate that for
various return periods, the temperature will be increased and precipitation will be decreased. Based on the
results, by considering climate variability and change, 2-year return period precipitation will be decreased
between 7% to 23% and 2-year return period temperature will be increased between 2.2 to 3.82C whit respect
to the corresponding observed values.
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Fig. 1. Performance of ARMA and LARS-WG for the reproduction of annual temperature distribution

4., Conclusions

Since the memory of the LARS-WG daily weather generator is shot, it cannot reproduce low-frequency
variability. Furthermore, it underestimated the variance of the annual temperature. The performance of the
ARMA model for the reproduction of annual precipitation and temperature characteristics is satisfactory. It is
concluded that for assessment of climate change impacts in annual time-scale it is better to use the annual
ARMA model. Moreover, climate change may impose a considerable increase in temperature and decrease in

precipitation. As a result, it is necessary to consider the future climate change impacts to active adaptation
strategy.
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