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* The climate system
« Climatological Observations
In-situ (Proxy, Historical, Conventional, AWOS, etc)
Remote sensing (Radar, Lidar, Satellite, etc)
« Calibration and QC of observational data
Laboratory check, limit check, internal consistency, relational and area control
 Metadata issue
« Climate data management

Archive, access and retrieval, QC, homogeneity, statistical process, missing
value estimation, data rescue, exchange

« Traceability of observation
Time series, monitoring, indices, graphics, climate atlas

« Conclusion
« Acknowledgement
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Climate system is comprised by the
complicated interactions among the
atmosphere, the ocean, the cryosphere,
the surface lithosphere and the biosphere.

(H20, COz, CH4, N20, CFC, 03)

The Greenhouse effect
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Energy from the sun drives the earth’s
weather and climate, and heats the earth’s
surface; in turn, the earth radiates energy back
into space. The greenhouse effect is a
necessary phenomenon. Without it Earth
temperature would be -18°C. But the
Greenhouse gases trap some of the outgoing
energy and maintain Earth’s temperature
15°C. However, too many greenhouse gases
could increase in mean temperatures

Radiative flux balance
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Lifetime of atmospheric phenomena

SHORT-RANGE WEATHER FORECAIMC
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Characteristic size (metres)
Scale name Time scale Horizantal scale [Vertical scale

Climate is traditionally viewed

Microscale

0.1 second to 1 minute

<1 mm to 100 m

<1 mmto3m

as the integration of discreet

weather events and variables

over time and space

Toposcale (local scale) 3 seconds to 30 minutes (10 m to 3 km 1mto 100 m
Mesoscale (regional scale) |1 minutes to 3 hours 300 m to 30 km 10 mto 1 km
Synoptic scale 1 hour to 1 day 3 km to 1000 km 100 m to 10 km
Macroscale 1/2 day to 1 week 30 km to 10000 km |1 km to 20 km
Global scale 3 days and longer 300 km to globe 1 km to 100 km

(by J.W. Zillman, WMO Bulletin 48 No.2

Table: Summary of atmospheric scales in time and space
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¢ f‘;%‘{l, Automatic Weather Observation Station (AWOS) S
%2 sensors and equipments §
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i om0 ) system
'y e --"-r o | I. d i -
[ . | I . HI ) I

AWS with solar panel



Opening the Meteorological Calibration Center (KALMER) in TSMS, 24.09.2009
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CM-SAF (Satellite Application Facility
on Climate Monitoring)

Satellite Application Facilities (SAFs) are dedicated
centres of excellence for processing satellite data and
form an integral part of the distributed EUMETSAT
Application Ground Segment.

Y  Remote sensing observations

Radar
observation

13:19:33
27 Adiu 2007

8/30



METEOROLOJI

=

GlimatelReconstructions

e j'—

NOAAPaleo

Dendrochronological Dating in Anatolia:
(Kuniholm, I. P. et all,)
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Historical data & Data Rescue Y

MEDARE

initiative

The MEditerranean

it
climate DAta REscue ’f"E = MEDARE

’ ‘ Download PDF (3 E)
(NEDARE) s an intatve, \# Workshop Proceedings "

born under the auspice of
the World Meteorological
Organization, with the main
abjective is being to
develop, conzolidate and
progress climate data and
metadata rescue activities
el 0 MEDARE Workshop outcomes
Mediterrangan Region

(GMR)

0 The MEDARE Initiative

Climate data archive waiting for rescue

| eEreSE nactar 0 Workshop MEDARE
Data Rescue is :

an ongoing process of preserving all data at risk of being lost due to deterioration of
the medium, and the digitization of current and past data into computer compatible
form for easy access. There are several on going data rescue program.

WMO MEDARE Initiative is one of them. 10/30
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Data quality control includes comparison to physical and climatological limits
and inter-comparison of data elements.
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Metadata (Data about data) ";

. . L2
u--
A e OTE031 &3 E 11911800 #41 Feaeg s s 294049997
S Mame MILDURA AIRPORT Forid Dm0 QiR
Lacaks MILDURA et OPIN
Lee sl Gers AREd Fegim Wi
ey dthinty  Buee by of Matsaralagy
SR Rrmner 50083 Aagvan 1D YL FapriEn AAEn
Hantal Cisret T Frver Bazin MURRAY RIVER e Sin D
Canrerant Ot tvmi il
i Ju I8 142 038 Erar LErraees Memind
Dewwrg & Diatarce
S Haght 50 By [l [ gl SO0 Biwiniti il 523
Ternanniors Mahod SURYEY oo ey SLE e T Convmen Mprod  SURYEY
Lawwd Use 3100 Cipam Fermisnd, grassland e tundrs Zasisce Type ineiSy cowarad by griit
00« I Hm Opem fermiand, grassiand & eundea Zai Type red pod

TEm. [HEm Sty area, bulldings < 10 metras [3 starey)

FITLAER AT Swrliea Qbsrrmtium - Soulua Qb Progmm i et (s Fnpprmm
Sdecw (Rnmvaluing Wi . 2
F|'|.l'r|Jl-::|'r'...I.l Chanlrataid W Hil Hesly Hosily Y
ANE Al Paramal  Hepansd  Ssegeasl  Peymen = A iy
Cdrdals Maaisl Cessale m ¥ W ] M B eyreeni
Fargiugls A mm @) Mmme | 00 ¥ ] Bunss SEsil
S Th0AAY m oy w L] Diare s Seafl
Fambdibalimty  Yim M| ¥ L ] Euiees Stall
Eatalogger Tew 12 ¥ ¥ ] e s Seall
Lppsr S Yem 15 ¥ b N Wi pw Safl
‘Wanifetfinieh Yem A ¥ N W oy Sl
. W L] i e SLall
I 3 1
Contamt  OMCEr I Chacpe Larst Llpetste ot 03-08-1900
Adirany Matoeiolejical Ot P
P oz 719 i - WA N
Tren ML DDA e
I -: | o Piends 3000 By
I Tl e &
I--; w Fh Y SEEED i k o .
Wads =l -
Ristde Fh - J
Far 805 SEA &7 .y ; a .
1ad - =
o =
i .
= 4 el
o . .
e
= "J
L i o
i Y- 2
g L3

METEOROLD)I

-

Station documentation is information
about the data or data about the data:
Metadata should reflect how, where,
when and by whom information was
collected. Ideally, complete metadata
should register all the changes a
station has undergone during its
lifetime, composing what is called the
station history. Additional information
about instrument or exposure, can
provide additional insights.
Sometimes when the instruments
change, the observations will show
an artificial increase or decrease.
Such jump cause an inhomogeneity
and adjustments needed to these
data. If a long-term time series is
homogeneous, then all variability and
change is due to the behavior of the
atmosphere. (By Aguilar, E., et al.)

13/30
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Even if the small changes in the site locations
can cause big breakpoints in the time series.

Difference between Quebec City and a reference series
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Location of the in‘rrumen‘rs on the
roof of the main building 1942-1960

1
L
1
1
1
1
1
[}

2
5 1931, 11942 11960 \

1
1
1
1
[}
1
1
1
1
[}
1
1
1
1
1
[}
1
1

!

1890 1900 1910 1920 1930 1940 K 1960 1970 1980 1990 20%
Year

4

.........

Location of the ms‘rrumen‘rs on
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Homogeneity test result of annual minimum temperature for
station Rize, Turkey. The discontinuity in 1995 is reflected in
metadata which shows that the station relocated in this year.

Data homogeneity is assessed using R-based program, RHtest,
developed at the Meteorological Service of Canada. It is based on
two-phase regression model with a linear trend for the entire
base series (Wang, 2003). There is also cost action in
homogenization http://www.homogenisation.org 15/30




x4 Normal (are calculated from 1971-2000)
F8 . £ =FT+F10)2 =(F6+F11)2  =(JT+J9)2
A B C E F H | J K L R N 0 P

G
1 lisTasvon wlevimint ol vlockN\e|sur  oJuRt v|fs  emav vluaz ol eladsivlove o fodn oleas »|ana vl_'l"l.l\lv
111 1214

é’% Statistical process, estimation of missing data, %

2 ACIPAYAM _ ORT-SIC 1971 100 153 199 |2208 223 @& 114 = mean (D2:02)

3 ACIPAYAM  ORT-SIC 1972 132 160 197 |229 228 187 122 62 11’ 120

4 ACPAYAM  ORT-SIC | 1973 94 167 186 242 238 206 137 49 3717 124

§ ACIPAYAM  ORT.SIC = 1974 96 165 217 |248 224 183 157 71 19" 123

6 ACIPAYAM  ORT-SIC = 1975 18 145 188 243 231 182 131 65 177 120

7 ACPAYAM  ORT-SIC 1976 97 151 193 |20 213 1S5 13 79 34" 14 estimated
(8 ACIPAYAM  ORT-SIC = 1977 103 163 199 235 218 175 w3 68 34 123

9 ACIPAYAM  ORT.SIC 1978 108 174 204 250 223 14 W2 57 34 125 data

108 145 196 230 229 189 11 717 33" 128

97 152 210 250 241 81 w2 85 38" 123

107 135 206 236 226 194 151 57 62: 12.5

106 151 199 214 231 192 128 54 317 16 )
15 157 180 212 215 182 118 85 457 114 Reference:
92 173 210 230 212 196 M2 74 213" 125

121 168 208 232 248 195 w9 93 35" 128 WMO No.100
133 138 199 250 245 191 123 47 117 128

90 151 204 249 234 210 124 65 39" 122

116 175 216 260 237 195 121 47 3717 128

157 163 202 245 248 198 118 72 307 129

112 155 210 258 240 190 143 89 4.4' 13.0

109 139 225 240 238 197 w2 72 05" 128

113 153 203 23 243 187 3 68 05" 115

113 143 210 243 252 199 160 70 507 126

130 172 213 242 248 229 18 66 23" 136

97 168 229 233 245 206 128 49 477 130

94 180 221 259 250 184 121 93 66 133

70 178 214 242 217 185 136 871 48" 124

129 157 212 256 263 195 148 96 43" 135

120 184 208 248 246 197 154 90 60" 138

125/ 161 216 264 247 17T 133 93 38" 129

110] 159] 206] 240] 235] 193] 136] 72 34] 125— = mean (P2:P31)

.rl 131 13 13 | 131111151151 161 06— =STD (p2;p31]
154 | &2 £ 58 58 59 | W7 ) 29 | #3 | 49 4

Py
CV =(P33/P32)*100

10 ACIPAYAM QRT-SIC 1979
11 ACIPAYAM ORT.SIC 1980
12 ACIPAYAM ORT-SIC 1981
13 ACIPAYAM CRT-SIC 1982
14 ACPAYAM  ORTSIC 1983
15 ACIPAYAM ORT-SIC 1984
16 ACIPAYAM  ORT-SIC = 1985
17 ACIPAYAM QRT-SIC 1986
18 ACIPAYANM ORT-SIC 1987
19 ACIPAYAM  ORT-SIC 1988
20 ACIPAYAM  ORT-SIC = 1989
21 ACIPAYAM ORT-SIC 1990
22 ACIPAYAM ORT.SIC 1991
23 ACIPAYAM  ORT.SIC | 1992
24 ACIPAYAM  ORT-SIC | 1993
25 ACIPAYAM ORT-SIC 1994
26 ACIPAYAM ORT-SIC 1995
21 ACIPAYAM ORT-SIC 1996
28 ACIPAYAM ORT-SIC = 1997
29 ACIPAYAM  ORTSIC 1998
30 ACIPAYAM ORT-SIC 1999
31 ACIPAYAM ORT-SIC 2000
32 ACIPAYAM QRT-SIC 17100

33 ACIPAYAN ORT-SIC | stdev
M ACPAYAN ORT-SI oV
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Anomaly detection is the traceability option of the data. Anomaly is the differences
from normal and it is determining by using Standardized Normal Distribution which

is formulated as Z=(X-X mean) /STD. If Z <-1 it means the data is below normal, if
Z is in between -1 to 1, near normal, and if Z > 1 it means this value is over normal.

? Mean temperature anomalies in July, 2009
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) Products- Monitoring & Time series oy
N4 Annual climate assessment {

Maps and Time series are very good tools to trace spatial and temporal variation of data.
Below there is an assessment for the year 2008. 2008 mean temperature was 0.8°C above
the 1961-1990 normal (13.6°C). Generally coastal area and western part of the country
had temperatures above the mean. Positive temperature anomalies have been occurred
since 1994 (except 1997) (Fig. 1). This kind of analyses have been contributed to the
“Statement on the Status of the Climate " which published by WMO and NOAA, BAMS

"'  Mean temperature anomalies in 2008
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«3 Y Products- Climate Diagram 4

Climate Diagram is another traceability study which shows monthly variation on
precipitation and temperature in the study area.

DIAGRAM of RIZE

: Thornthwaite climate classification
C% Im={{100*Surplus)-{{60*deficit )))/ETP
-1D1-194 A Very wet
[ &1 - 100 B4 Humid

=3 Precipitation —— Temperature }N\ =$ - :::::::
It's rainy in all season & very wet climate

[ J21-40 B1Humid
[ J1-20 €2 Semihumid

e — - 20 et [ ]-19-0 ¢4 Semidry-less humid

[ ]40--20 D Semidry
TSMS, Climatelogy Division

Climate classification of Turkey by Thornthwaite

3 Precipitation —— Temperature

It's rainy in Winter but dry and hot in Summer (Mediterranean climate) 19/30
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Climate atlas is another monitoring and traceability options. All the data used in the
atlas have enough time length (at least 30 years) and must be quality controlled.
Nowadays GIS techniques (Geostatistical analyze, Co-kriging, IDW, GWR) have

been used For interpolation, modeling and monitoring the data.

An | total radiati 1971-2000 . .
(Moderois e aTiosly Weiaed Fagrastion) Sunshine duration (1971-2000)
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RCIlimDex produced on
behalf of the ET by Xuebin
Zhang from Met. Service of
Canada
http://cccma.seos.uvic.ca/ET
CCDMI/
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APPENDIX A - List of the 27 core climate indices

Ne |ID Indicator name Definitions UNITS
1|FDa Frost days Artal count when TH{daly minimum)<0°C Days
25025 sumim et days Arpnaal covt when TE( daly moa imum )= 237 D ays
3100 Tce days Axral count when TE(daily moaim w00 Days
4|TR20 Tropical nights Arrmal count when TH(daily minimum)=20°C Days

Growing season Length | Arnnual (1t Janto 312 Dec in NH, count between first span of
atleastd dayswith TG=5"C and first span after July 1 of 6
5|GEL days with TG<3C Days
6| TEx Max Tmax Monthly moaitnum value of dady maximum temp i
7|THx Max Tmin I onthly moasimum value of dady minimoum temp i
2| Tin Min Tmoax Monthdy mirdmum value of daidy maximum temp i
3| THn Min Tmin Monthly mitdmum walue of daly minimoen temp i
10|TH 104 (ool nights Percentage of days when TH<10th percentile D ays
11|TX10p Cool days Percentage of days when Ti<10th per centile Days
12|THp Watm nights Percentage of days when TH=00th per centile Days
13| TER0s Warm days Percentage of days when T =90th percentile D ays
Watm spell duration Artial courd of days with a least & consecubive days when
14WaDl indicator TE=P0th percentile Days
Cold spell duration Armal court of days with a least 6 consecutive days when
15|C801 indicator TH=10th percertile Drays
16 |DTR Diwrnal temperature Wonthly mean difference between TX and TH o
17 |Fil day  |Max 1-day precipitation |Monthly maximum | -day precipitation Lt
15 |Exiday Ilax 3-day precipitation I onthly moaximum congscutive 3-day precipitation min
simple daily intensty | snnal total precipitation divided by the mumber of wet days
19|30 index (defined as PROP==1 (mm) in the year mn/day
20(R10 Humber of heavy  PrecC. |apnyal count of days when FRCP»=10mm Days
21|R20 Number of very heavy  Plarnual count of days when PRCP>=20mm Drays
Number of days above on| Ayral count of days when PRCP>=m mm, m is user
22|Rn mam defined threshold Days
23|CDD Consecutive diy days  |[Maximum number of consecutive days with BR<1mm Diarys
24|CWD Conseculive wetdays | Marimum number of consscutive days with RR»=1mm Drays
25 |R95p Very wet days Arnual total PRCP when RR=05" percentile mm
26 |R9%, Extrem ely wet days Arnual total PRCP when RR>95% percentile L
27 [FRCPTOT  |Annual total wet- day Armal total PRCP inwet days (RR>=1mm) it
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Trends in Middle East climate extreme indices from
1950 to 2003
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It shows that warm nights and warm days have been increasing in the Middle East.
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FDD 17261- Gaziantep

- e

Linear (least square) fit
il

X &
; \;\

Locally weighted regression \

T T T T T
1arn 1975 19a0 1985 1990 1095 2000 2005
R2Z2= 2032 p-value=s 0007 Slope aeshmate= -0 2899 Slopa arraor=s 0,214

Kendall’s tau based slope estimator has been used to compute the trends since this
method doesn’t assume a distribution for the residuals and is robust to the effect of
outliers in the series. If slope error greater than slope estimate we can’t trust slope

estimate.
This indices plot shows that frost days will be decreasing 89.9 days in 100 years in
Gaziantep and this trend is statistically significant at 95% level of confidence because

of P Value is less than 0.05. 23/30
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Advantages of Indices versus Data

 Indices are information derived from data

* |t represents the data

* More readily released than data

« Useful in a wide variety of climate change analyses

« Useful for Model — observations comparisons

« Useful for analyses of extremes

* They can be more accessible than data (exchangeable)

24/30



Trends in Number of Summer Days from 1971 to 2004 [Tx = 25°C]
Numbers of Summer Days have been increasing all over Turkey.
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(a) Cold nights

90N

45M |

1950 1960 1970 1980 1990 2000

Trends were calculated only
for the grid boxes with
sufficient data (at least 40
years of data. Black lines
enclose regions where trends
are significant at the 95%
confidence of level. The red
curves on the plots are non-
linear trend estimates
obtained by smoothing using
a 21-term binomial filter.

(b) Warm nights

90N

Sow 0 S0E 180

1960 1970 1980 1990 2000

(c) Cold days

IH’ED“II’IH
Global i
Indices
Analyses

By Alexander, L. et al

Trends in

(a) cold nights (TN10p),
(b) warm nights (TN90p),
(c) cold days (TX10p) and
(d) warm days (TX90p).
(d) Warm days
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45N

1950 1960 1970 1980 1990 2000 1950 1960 1970 1980 1990 2000




N
--,-r-
:
=
=

IPCC 2007, Temperature Projections
2020 -2029 2090 - 2099
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Relative Probability

Relative Probability

Relative Probability

" ; P
=1 0 i 2 3 4 5 G Fa 8 | | |

Probability distribution function 0051152253 3..;;}4.5 555665775

Projected surface temperature changes for the early and late 21st century.
If the PDF is widespread, it means that too many extreme event could be occurred.
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Geographic Information System (GIS) Efﬂ

Hydrology

> Elevation
Soils

Infrastucture

Land Use

GIS isn't only monitoring software, it's capable to combine all kind of geographically
referenced data, (vector, table, satellite, raster, proxy, etc) and to analyze, to select,

to model and to monitor them.
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\«% 7 Conclusion

v'Climate system is comprised by the complicated interactions among the
atmosphere, the ocean, the cryosphere, the surface lithosphere and the biosphere.

v'Long time reliable climate observation and information are necessary to detect
climate variability and change and to help decision makers to mitigate and adaptation

v'Climate data needs to undertake quality control, homogeneity assessment, data
rescue and statistical process in order to produce reliable climate information and
products.

v'There are still huge amount of historical climate data which need to rescue and
digitization.

v'Climate indices also very useful tool to detect climate variability and to understand
trends in the extreme.

v'GIS is also very useful tool for traceability. It's not only monitoring software, it's

capable to combine all kind of geographically referenced data, (vector, table,
satellite, raster, proxy, etc) and to analyze, to select, to model and to monitor them.
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