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Figure 2- like Figure 1 except for the period of 1989-2017
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Figure 1- Mean values of seasonal (Jan-Mar) perceptible
water (PW) and specific humidity (SH) (for the 850 mb

level) over the period of 1960 to 1988

Perceptible water (kg/m?) and specific humidity (g water/ kg
air) are shown by shading and contour lines, respectively.
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Figure 3- Differential values of the perceptible water
(shading, g /m2), 850 mb specific humidity (contours, g/kg)
and 850 mb vector wind (arrows m /s) between the 1989-
2017 and 1960-1988

The negative (positive) values of the perceptible water and
specific humidity infer that the amount of these variables
during the period of 1989 to 2017 is less (more) than
corresponding values over the period of 1960-1988. Arrows
indicates the prevalent wind direction during the recent period.

Sy o=l g claglivl ) S ladig s
oAbl ardly b o Led ialS (6 40 lons)l ias
Los (b g asliy) slaglog aiels cdly oS (LS Jidgy 2>
oEalS Sl Ll o Lacad )3 o lgn (slod 5 93,5 oo yids
= Sbadiy 39 w4 bod ials cpl 9o y1)55 5 (6 b
i)l pal s e Gl (g iSu ohagr g ol pl 3 LS
Alge 59t ol 3 5Led Ll slasaly 1l o
0399 13 pg> 0399 Ly i 3 a8 el o] b Y S
5 Ol=l 3l waa a3 lyp S )bia o Cuss
5 OlisyBl cilan (slaygiS 1S3 )3 ol (9ol (slagme



IAQ il =y o 0yloads Pl (S g 0T @i VPFY

YAAR B YA Gloj o3L (gl (Jg & UG widlod =T JSUS
Figure 6- Like Figure 4, except for the period 1980 to 1989
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Figure 7- Like Figure 4, except for the period 1990 to 1999
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Figure 8- Like Figure 4, except for the period 2000 to 2009
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Figure 4- Anomaly values of seasonal (Jan-Mar)
perceptible water (PW), specific humidity (SH) (for the
850 mb level) and vector wind over the period of 1960 to
1969
Perceptible water (kg/m?) and specific humidity (g water/ kg
air) are shown by shading and contour lines, respectively.

Vectors show the direction of vector wind. The magnitude of
wind speed is shown by a vector beneath the figure.
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Figure 5- Like Figure4, except for the period of 1970 to
1979



VYPY ool ol g 0w il JB T Ol pass 0B 51 oyl 50 el i

o=l 3 omitig Al 03 09 4y yiomiaw )b o 0 lSSl
Ol 09953 4 Laslidl 9l 5l a8 (599 St glasls 09
233 sl S Glagliel 5 Gluls il I i laisw
A Cowsd 093 93 5 0 ol oyl Cejuw (g)lua o 05HlIS o 4l
o=l wlide Hloys a8 (claisS a Canl YU (gim dlls 03 (slaoysd
U S boygd ;5505 (gl g a4l p yio 0 S5 90y ol 50 bl
2 SH d)l.’x».tbu.: W)w)w‘)w 2 b)f L d.ul;).:)m9.)
e 02 698 Jlod 1o ol e g Bl o 1 0y93 93 8
P93 0393 3 )] liwgs diald unss 0,93 b yioxiw ,d Jg g
RS XA = ND le) ped 090 10 griwly g3yl ol eSS
(5L 05 35 o ) gl o399 & e Sk
bolad a2 pegd 3 st dnd by jluodl .l adly jials
sl 53 o i (GBI L &5 65,0080l 590 4 550l
VAAL G YAA Sl o5l 50 NAF-=VAFR 0)90 b yiomiaw )

Se o S5 g e g Olig b sl Cope g )lma o
9 ¥ USG5 50 ol e yu) Gl 008 1S5l &S ol 0 o3
Olig 292 5 (g 73l sladl 0)9d cpl 3 )5 (Wgd duslie &

2 PW ylomim o e9) ol j1 o5l slo=d 1y olim] (g9
el Cte 6331 oty 3 5 ite Ol (g clagise
2958 (6xgB slapise ) Uiyl BB Ol (gylxim o ojlul o 5V
3 ORl 63l oga g oga sl jl i )b gl gle
59 Lr oy ol o it 509y ) LB o (e ojluil
5 iy oo slmdl g 5 Gy Conl o ity 090
Ol ae  ileiee oy ) Ol 090 4 @ il 53 et
w5 obb BB OBl 2058 5 gyt Co g g s)luly ] ol
§ 48 sl (5T glool el o sl ity ol 0900 o3
sloaing g pluld laglul 3 5 $55 o doda po sl
Looyins ol 09p da Ty (St judin 900 553 sby> LS
Sy e
oo gladl (g)loua o o3l N B YA Sloj o3l 4o
Br=8) Ol 29 5 iy Sl sl g )9S (29 dess 53 (i
S o (Y ) ol o 5 o (slastsy ) (03
o oRlBl g claplil 3 I o5 Glig g sl il
o33 6Ly cloo,lSyo sou o ylis yold g yl5e Jlowds (sbaol camd
P o 2500 &b o 0 1y Jledd dess jo lea ey (Suis
okt 3 b S SH 5 PW ol cela Jlogil el o0 ol
des )3 ol dgel 48 398 0 003 50 ok 5 (5> desi e

YoV G Yeye Slojojb glp Jg € JSG wilod -1 USG5
Figure 9- Like Figure 4, except for the period 2010 to 2017

o3l VAP L YAF dlws 0o lojojly o oF JS5 4l 5
19503 @ yio p p SIS VIY Sl i 4 PW (g)lxin o st
iy o yguiS 3503 )3 Jlgzmen saiwespw 9 lnl 653l Cgr
9 3l wsn )l (Son slepite lnl J e ol wles
Wglen A8l e Cuto 55 SH ofag o 0jl cplunye 03> 4
Sloyed oo b yiomiuw 53 ol daled o (gam slayisy o oS
5 ldlyi 058y gl o VA5 am ll 03
S5l o 5 3l pladig 0 PW gilxia o cuto ol
9 Oli9yle y9—iS J (Shj oy 3 sk o)bxin o cunl
23S s 03 095 gl 3 &Sl o S gl el g i
Silma o ojlil cwl Gl e aslsl glasl 5,88 lage 5o
Sg A (od &Sl Glig o9 55,55 by gy 2 2L
sbadebo anl)loa o Lasl ol )b by (680 slao)ls
93 (6ylom o 0jlal s Lo S o 5o b aiily o byd o3
oyt 45 L3 ol 65 sloo,iS )3 0l ko SH 4 PW petal
Gl i guasly 9 cpl o3l )l 5 Jlews bl 5 Sl
Jolsh )9iS S50 )3 05mg dan g sy3Le Csix 3 0)5d cnl
15 s ] 45 A5l e o & K035 s SH y55lS Loglas
Al oo Wiy cpl 5> @il ol Olgld s SOl
ojlasl » Lials Saolvava Liay. Slejojluys as S
olwly laobiwl o 5o 4 Jg b o 003 PW 9 SH cuts
Tln 93 ol 8 090 cnl ) (hijle 5 GBS (o
L5 Olig o slasl (B JS8) cusl cue baglul S0 5
48 bl diie 9 810,55 5 )18 s)luk 5 cop 5 i
a8 Al ey 093 ply (I SH 9 PW (g lomin o2 o ol
0dd oS lig w9 olis Bl sl ojed ul o 42 S .l
Al sl e Uit 55 Saiglaw 5T e Ko bl



IYAQ sl — o F 0slods FF alr (S g O w5 VYFY

3 S A1 Jls G 4 K035 sl g o5 Sl ol (550
Ay ol YAPANAE e led 10 dn S Ll oy el (1Sl
21y SH s PWojlasl 3 cote (gjbua o op YL (glyld j5u8 )
Ay b g5y (69Meo VAVl s sl Jlo o sy ) ol

ol 039031 1y hie N,

(K-S test) 3 g3 9 pascul — S g S gals 03.65.[

solaie oy Bgigyars—Gg Sl gl slawil \ S
Tln ke )bxiage Glolp @iy ol yldiee MBI (o)
5 (Zonal wind, U) (¢,lis 5L ailge 93 g 0319 v cy3yb BB O
Alw Ve (sleoygd sl (Meridional wind, V) (o,kdl caws o
FOLY g i danp ¥ UYD oldlas oldlas ab o
So (28 Al dad e LS ) e Jab 5 (55 a2
259 dwwlie Dyg 0 0y9d 93 ;0 45 Cawl ol b (Ho, p>+/+0)
s 83 Al pasa il oo Gl 903l 350 gl Sl
3y9 Soygd 3 baginly @598 silwenl 4l (Hi, p<-/-0)
(V) dd duglie

O A3 oo Gl |y ol Giodie 3)90 4nd (Joua ) (gt
Ogiw 4 cbodls b ] ol odls a5 smd o LS 1) (glamd pgo
Aol 4 canl g0l Hlne (D) pour (ygiw -Cawl 00 034051 4L
P ojhsl g am3 o0 LIS (g 3)90 Higed 93 O ) @5 &l 9
p-value ol a8 olSin .ol o 039l pylo> 9w ;> Value
90 sloodly xuje yle BMLA] 255 LS canl yiis 0.05 )
yobaie 4y PW il yy (ol p-value casiges (gl .ol 090
b dw damd 5 S and ¢l 9 0.18 ply 90 5 S amd b yiovw
033 2yl aigg yulyw )3 PW @95 505 ol & sl o i
an d)LﬂT G‘a_m ).} d)l.} U_“M LBM.\_>| 9.) 9 A_g: 0)9.) 9.) d‘)}
U aw slooyed b S5 090 50 minly oyl @i &8 Jb 0 5yl
2 aS ke wCawl o pxe BB glyly ol oSy i
amd (U wind) oLy a8l adlgo (g lmin o g oo 000 ) Jgd>
(P<e1+0) ol (g5 gxe MBI glls aaas )Sos L (VAF+) ol
08 UsS slaaad o lej ;8 L &S cul OT Sl sl eyl
2238 e ol 03, S 4 s d des ol Ol s 9 K]
dod b Jol d2d ;3 iliwne (V WiNd) o (s3g0e adlge ()lxin o
Jol ama Uy iomw 50 oo p 500 4 a8l oo by e S
039 )‘Ju_.iaw u‘)_udu L Dl)o.b OL"} S5 Lg)b)_g sl 69§J|
205y 059 o5l JB Ol polie i b)) ol » 938l el
leoils , Ko Ly oyed ool 4o bxe M I lis Cunsss amd
a3l 720 (gylel o )3 (pgd 4md) VAV and Ko odd (wyy
Al Gy 0y9d 10 gmwly 93 (pl 51 K o (1wl ¢y K00

9 1928 Jlod 4y gz ) (Shoi g2 0l &) o 51 St 40
oleles 535 g )d PW (g loxin o ojluil a5 3 olals
domiz o 3 oLl ) A5 (il sl ol 23,85 o0
el bles Glpl 5 (S5 sbgisuys @ QlBl ) p Sl S
s 090 (ol 3 (lis s (sl Cus o ojlul &S L]
Ol Jlods sl jisw (4900 4y o8 D985 ol VAT dmd jl jieS
Oy Al 03 0)93 dw Ly oxiuw 53 Al od peSear lai>
i)l & Gl odd (wSe )3 by 9y 323k Jlogl cax
ol ydy (sl 2 Mojl o e

sulpw 3 SH g PW g)lwia o ojliil ¥+ +Q B Yeee 0)90 jo
amd So g i amd el (lomiw )3 & A3l oo (e S
2)9> o=l ) (A JS) 4Bl e 093 (3255l Gl sim
Slagis 3 9 olig Jlomd 938" (Jlod des )33k (g)lin o
033 by g o)l iy ja 4 bl Glig gl a9
ged Glp Npiee Qo 98 Gapis S03 jl ) o ol
Ol gbss YUY G Ss b ol omiw g A JS8 53 0L oyl
b o9 iy Sl (S A 53 w8 Gl &
=l g el ST cul 9yd & ol gl Sl g 1
i laglonl le plpl 531 5 (3L Cga cbaisu
I S gladool 5 oliile S @Ml casl g 5 agkSeS ()6
2 4S8 sSlen lodg ol 1) amd win cpl )0 oygd (o iSiis
G I o elmdl i 03 0y90 (pl jd o oo o asd A S5
Ol s & g e s )bra e b Glis 53L s Olis
3 Sz epnS SH g PW (g)lomin o ojlisl > (tals 4 sy
63l g Sl lagisn o ) o)l mls (ag (bygis
S Cdgiy iz b sl 4B 53 i 1) (09m (liye
A 5L Wigeb g i )55 10 S5 b luen (la oS g ol &5
O e Canj bl (il ladate )5 S,
235 o o9y Ll ||

ol 55 YW B YN+ 0)93 )3 &S il o S 4 S
Conl 48)5 2 )3 1y 5938 GSUsS sty (g sgb 5 iy Jlod
rSle 3l a8 ol Sl gyl )3 0329 o3 9 Byl BB o ol
P aS cowl ol (LS A g A S 90 iomia Wbl e e Iy
O YW LYV 0y9d 0 Ve eQ=Yevr 0)90 Ly o w
el 48l s Doty (Shies g 0l ply 93 S5 0l Ce o
5 S (5 85500 plas sl 59 2 oS iy ol sl
w9 OB ey slaglivl Slon 4 1) (255 05 5 485 (Sl
5l lols 5 5528 Jlod slaisy > bled S 52)5 )b
Slo 1y o8 05535 ey Gy = 48,5 JSD G5l
leaSyy loml)dl g o)l ol e oMS sla gl
iz slaaiyy sl o casl ] S0L 01 plosl sla )|



VYFO (ool ol g o mi bl JB T Ol poss o8 51 oyl 50 ol i

Cawl 0395 I3 mo

8 5 4l

9y Otiej Juad 53 ol Gyl 31 s )5 oS el ]
9y 5 (SH) 059 o (PW) sl o8 Ol g cama o
o3 g Olpl lp 6olbidee ADe Y )3 (VW) (5035 0L g
oo)le 9 498 gl olo duw 0)93 (gl Al (glaygiS 5l ol
55 6y SH o PW :Sibio izl 15 003,8 os) ((lias o)
0393 3 ol 89y 2 9y slaojlasl L VAM L5 VaF- dllo YA o)
S Ll 55 ol Sl o s 33,5 ot YoOV 5 VAR
Db sy 0993 93 ol 3 Sy olpem 4 5 1) gyl Ok Jolis
Al Vv )50 0 4 (YWY B Sloj ojl) 0,90 ded cpgo p5 52
Loygo o 3 laguuoly cplojliil g 10,5 iz dllw A oygd & g
Sl Bgigperl =39 Soals ygajl il 005 lomis S0,
9 SH PW Jlgl3 @jgr olee sl sine (SHS) (gjlunotl (o) 0
3L slaoygd sl (U wind and V wind) sy (s> ddlgo 42
W Lgﬁfo).pd ol

Sl a8 cndls o ol iccwl a sy Sl s wwss
Sy 1 4 54 o 5 s S o Sk VA Jlo
LVaFe aad b ionw )0 cigy oo sloud dy oyl olasy byl ys
sl 0391 99 I3 gime B
P o g Slegely $)bea e Jeil @jg awlie
Lol den o gxo M]3 s ol 51 uw (slmams L VAV amd
Slams olsin > o Y35 b e 5o 4 1m0
Osnen Casl 039 )l gme i Ghgsiins gl (oSl
2259 (VAN L5 VAAY) pg i aad )3 45 3l oo gy il
(Vo) L) e gloam aon b ol sladalge (o)bun o
oplym g8l bl e 720 (o)lol paw y3 I ime BB (gl
L5 V) gam ams b ams ol 55 oy BB Ol g o9 o o5l
90 L as cuol Jlo jo cpl cwl ool lis jly pxe YA (V22
Aolie bl o I3 dme GBI (l)ls (YoNe B Yeer) 3T amd
b pges 5 S and )3 029 Cashy 5 i)k B o @ SN
and odad g0y )0 mjei ol 0 &S dad o ol band Koo
Vero a5, 500 olo 4 ool dtily (g gme BMB pany
oot b o pSeuin dllo Cunn 050 SO 3l s Sl oyl
Pl 43 )3 () 090 ol S)lxin o Jloil @)y
Ml s o ) ey glaamd Ly (Yoo o) ooty 5 (V4R 4)
And dw )35 ) P 503 4 b e S0Ss b Ll den I e

3b 5,131 sailge 5 (SH) o3ug a3 (PW) (y3,b BB O (5l o Wosls (51 (K-S test) gy yoww! —cg ,S90lS 39051 - Joua
Ao Vo sbaoyed 45 (VW)

Table 1- Kolmogorov-Smirnov test (K-S test) for data anomaly perceptible water (PW), specific humidity (SH) and vector
wind (VW) in period10 years

J9| and @b Is 50 43 uﬂ)b JJG Uj D},{gp-s blg ‘533, 4.9-’50 bl.g S290E d.ﬂj’c
First Evél:z;te J “ecade _ (Precipitable water, PW)  (Specific humidity, SH) (U wind) (V wind)

decade D P-value D P-value D P-value D P-value

2 0.20 0.18 0.00 1.00 0.83 0.00 0.47 0.00

1 3 0.82 0.00 0.52 0.00 0.50 0.00 0.92 0.00

4 0.87 0.00 0.73 0.00 0.48 0.00 0.75 0.00

5 0.97 0.00 0.83 0.00 0.55 0.00 0.88 0.00

6 1.00 0.00 0.97 0.00 0.68 0.00 0.00 1.00

3 0.63 0.00 0.52 0.00 0.93 0.00 0.52 0.00

4 0.70 0.00 0.73 0.00 1.00 0.00 0.55 0.00

2 5 0.78 0.00 0.83 0.00 0.78 0.00 0.45 0.00

6 0.90 0.00 0.97 0.00 0.60 0.00 0.47 0.00

4 0.20 0.18 0.30 0.01 0.93 0.00 1.00 0.00

3 5 0.40 0.00 0.47 0.00 0.45 0.00 0.73 0.00

6 0.72 0.00 0.83 0.00 0.72 0.00 0.92 0.00

4 5 0.35 0.00 0.27 0.03 0.98 0.00 0.98 0.00

6 0.63 0.00 0.68 0.00 0.98 0.00 0.75 0.00

5 6 0.62 0.00 0.63 0.00 0.50 0.00 0.83 0.00
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Introduction: Based on the research and assessment carried out during the Climate Change Enabling
Activity Project under United Nations Framework Convention on Climate Change (UNFCCC) and using the
scenarios proposed by IPCC, it is estimated that if the CO2 concentration doubles by the year 2100, the average
temperature in Iran will increase by 1.5-4.5°C which will cause significant changes in water resources, energy
demand, agricultural products and coastal zones. The present study is aimed to investigate the characteristics of
climate change in Iran and some parts of the neighboring countries. Identifying the spatio-temporal changes in
three atmospheric variables comprising perceptible water (PW), specific humidity (SH) and vector wind (VW, U
and V components) over 1960-2017 was the main themes of the study.

Materials and Methods: Monthly values of these variables during wintertime (January to March) were
extracted from the CDC/ Reanalysis 2/ NOAA in 2.5 * 2.5 grids for the period of 1960-2017. The study area
locates between 20° to 45° N and 30° to 70° E. After averaging monthly data into seasonal series, as first step,
significant changes in the considered series were investigated between two equal periods having 29 years of data
(1960-1988 and 1989-2017). In the second step, the 58 years of the study period were divided into five
successive decades (1960-2009) and a period with eight years (2010-2017). The Kolmogorov-Smirnov (K-S)
field significant test was used for assessing the spatio-temporal difference between the obtained maps associated
with various decades.

Results and Discussion: According to Figures 1 and 2, for both of the 29-year time-scales (1960-1988 and
1989-2017), PW was maximum (12 to 17 kg/m?) alongside the northern coasts of the Persian Gulf and the Oman
Sea. After this, PW had the highest values over the southern coasts of the Caspian Sea (10 to 12 kg/m?). Oppose
to these coastal areas, minimum values of this variable with about 6 to 10 kg/m? were associated with the Zagros
mountains. In general, PW exhibited an inverse relationship with elevation. In contrast to PW, SH maximized
(4.2 to 5 g/kg) over the Zagros ranges and its relationship with elevation was generally positive. The lowest
value of the SH data was about 3.5 g/kg suggesting relatively low variation in the SH data within the country.
Compared to the 1960-1988 period, a significant decline was observed in the values of PW and SH in 1989-
2017. Although this decline was obvious over all parts of the country, it was slightly significant for the
southwestern (northwestern) districts. Compared to the first half of the study period (1960-1989), PW (or SH)
decreased by about 2.5 kg/m? (or 0.6 g/kg) in southwestern and 0.3 kg/m? (or 0.15 g/kg) in northwestern parts of
Iran for the recent half (1989-2017). Differences between wind data during these two time-periods were mostly
either northerly or easterly suggesting a significant decrease in the rain-bearing southerly or westerly circulation
over 1989-2017. Anomalies of the near-surface wintertime winds were mostly found to be southerly or westerly
during 1960-1988 implicating the possibility of moisture transport from the Persian Gulf, the Oman Sea, the
Mediterranean Sea, and the Red Sea into the most parts of Iran. Conversely, the anomalies were either northerly
or easterly in1989-2017 suggesting less moisture transport into Iran for this recent period.

In the decadal time-scale, maximum values of PW, SH, as well as southerly or westerly circulations, were
observed during 1960-1969. The given results suggest that the enhanced (or suppressed) values of PW and SH
are generally harmonized with the strengthened southerly and westerly (or northerly and easterly) wind
anomalies. For this period, prevailing of southeasterly winds over the Caspian Sea enhanced or suppressed the
measure of PW, SH over the western or eastern coasts of the Sea, respectively. Even though the mentioned
atmospheric circulation patterns were generally similar for the 1960-1969 and 1970-1979 decades, positive
anomalies of PW and SH, as well as the westerly and southerly airflows, were slightly suppressed for the second
decade. The anomalies of westerly and southerly winds decreased by about one-fifth for 1980-1989 as compared
with that in 1960-1969 resulting in a significant decrease in the PW and SH data for this decade. Although these
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anomalies were slightly positive over most parts of Iran, their weakness did not allow significant improvement in
the PW and SH values. The period of 2000-2009 was evaluated as the driest decade of the study period for which
the negative anomalies of PW and SH, as well as westerly and southerly circulations, were maximized (in
absolute values). In spite of the fact that these undesirable conditions have recovered during the period of 2010-
2017, PW and SH were still very low for this recent period. With the exception of the 1990-1999 decade, PW
and SH have continuously decreased for the decades after 1970. The rain-bearing southerly and westerly winds
have been gradually replaced with dry northerly or easterly wind during the recent periods.

Conclusion: The findings showed that the PW and SH distribution patterns are close together in the 29-year
periods, the measures were, however, significantly smaller in the second period than in the first. The wind
anomalies, which were mostly southerly and westerly in 1960-1988, have been changed to northerly and easterly
in 1989-2017. Since the southerly and westerly winds play an influential role in moisture transfer to Iran, their
reduction in the second period is consistent with the observed decrease in PW and SH. Among the ten-year
periods, the highest positive PW and SH abnormalities are associated with the 1960 and 1969 decade. This
positive anomaly decreased over the time. Since a positive trend is observed for 2010-2017, it can be concluded
that 2000-2010 is the driest decade of the study period. The positive anomalies of westerlies (easterlies) and
southerlies (northerlies) increased (decreased) the magnitudes of PW and SH.
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