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Abstract

Critical water management within the five central Asian republics (CAR) requires access
to reliable climate and hydrological data. As part of the effort to strengthen trans-
boundary water resources management within the region, the US Agency for
International Development’s (USAID) Natural Resources Management Program (NRMP)
funded a pilot automated climate data collection network. Sixteen automated weather
stations (AWS) were installed within Tajikistan, Kyrgyzstan, Kazakhstan, Uzbekistan and
Turkmenistan during the period from February 2002 to September 2003. . Ease of use,
low operational cost, suitability for remote unmanned operation, proven reliable
collection of high quality data and capability to electronically store and transfer data are
the primary reasons for utilizing automated climate monitoring instrumentation. Most of
these stations use the USAID sponsored meteor burst radio communications to provide
real time data telemetry and acquisition.

This automated data collection and telemetry system was the first of its kind deployed
within the region. The national Hydromet service (NHS) within the CAR had little
experience with this technology. Two key objectives of the program was to demonstrate
the utility for remote automated deployment as well as allow for simultaneous operation
with familiar manual monitoring. Eight of the stations were installed at operational
climate stations that were staffed by NHS observers. This presentation provides the
results of the comparative analysis from some of the simultaneous measurements.



Incomplete picture on spatial coverage the territory of
- Central Asia with automated weather stations
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All automated weather stations (A
Asia talk via Meteor Burst Communication System except
AWS installed in Uzbekistan



= T T T T T T T ‘awamn
“Aral Sea E "--.._____ Dygamg &
Aktumsuk e i
H*mdummﬁ .M'-.' i i 8 imgen
e Tashkint+ o
) A Sukeks L .
.'\._ JI.I_MI;.I. shicyzylsays E\_JHEH 'Knml:lu.l; 5 12
x'-.\ L T oz ﬁlr|g'run.t. b
g ! mat *Pap
3 Slashk \..\-. s “m:nlmr'nl. '.'lua : "ﬂ Y 5 Masretcinbek ® - o
® vk N .\' oy an o @ F
*_.\. e et 7 e 3 ;oknnd. FH“M“. Ve
r‘*- a— 1 3
7 LT e
Shungrad & Tahtakupyr . T
— . Chimbary F. | Sarikanda "E\I_D!rrnrnnn
QIA::'.‘ — 5 g, ; =
_—a e ;‘:mlﬁ ol g
] J_,f' -1 Uchbosul J_-*‘*pqmﬁ
§ I""..__ _.--""‘.I _.-"!
5 .:\\. ®Buston e amobey o ®Ciimgan, f‘w
25 '\, . ® Ugench oy Tanhkert *2 4
—— LS 2 \ I S Sphek Klmch:k B 2o
R Tashkent | ecpeg® toud ';'"""“"m;,.':-”g;.,
."i 2 #Jangeidy e t‘i_\ -i's“‘:'&;;:m%' ‘\? Yiablleynaya ivmdﬂum
1. Karakalpakstan \ omagama; . SSHenSE Nurs e Yo = 13-nwd:w=n-
e S vangikishiak iy o -
2. Khorezm oblast \ il “*r'f:j R ry— N -
3. Bukhara oblast { 3 Shavai 5 wm’ﬁ?’*‘"""“ ) EadiSnda B
4. Navoi oblast N sounars | foven _ SSwuar)
b rabad » —
5. Samarkand oblast T Kkl Mmt‘;
6. Jizak oblast — +‘-‘/
7. Syrdarya oblast “eKarshi g
8. Tashkent oblast o
9. Kashkadarya oblast O rstut %8y '5""';.- g
10. Surkhandarya oblast - i
11. Andijan oblast L Sihernbad !.f" *  Manual metecrological stations
12. Namangan oblast ety ._,mm= +  Autornatic weather stations

13. Ferghana oblast
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Sensors cabinet of installed AWS
Data logger and Control Module

Campbell Scientific CR10X-55..+85°C*0.1 of
Full Scale Range @ (-25 to 30 °C)

Air TemperatureVaisala HMP45D

w/ Pt 100 IEC 751 enclosed in RM Young
41003 Multi-Plate Radiation Shield-
40..+60°C0.2 °C @ 20 °C x0.5 °C maximum
within range

Additional erroris introduced due to heating
of radiation shield and is dependent on wind
speed and radiation intensity

Relative HumidityVaisala HMP45D

w/HUMICAP® 1800..100% *1% against factory references*3%
field calibrationMaximum error occurs between 90% and 100%



Sensors cabinet of installed AWS
<l B Atmospheric PressureVaisala PTB100

s o Analog Barometer 600.. 1060 mb +0.5 mb @
ouw € +20°Cx6 mb maximum within -40.. +60 °C range.
® | Measures absolute pressure and uses equation to

calculate pressure at sea-level

Wind Speed and Direction RM Young 05103

Wind Speed0..60 m/sGust survival 100 m/s+0.3
m/sWind Direction0..355° +3°




Sensors cabinet of installed AWS

Solar RadiationKipp & Zonen CM3 0..2000
W/m2+£10% for daily sums.Second Class thermopile
type pyranometer Standard ISO 9060.

Precipitation (Rainfall)Texas Electronics 525M
Tipping Bucket Rain Gauge0.1 mm
resolution1.0% < 25 mm/hr+0..-3% 25..50
mm/hr+0..-5% 50..75 mm/hrNot suitable for
measurement of snow. Heated tipping bucket
rain gauges are not recommended by WMO.




Sensors cabinet of installed AWS

Ground TemperatureCSI T-107/8 ThermistorT-107: -
35°..+50°C £0.4°C for range of —24°..48°C T-108: -
5°..+495°C +£0.3°C for range of —3°..90°CSensitive to
solar radiation heating when sensor exposed to
sunlight

Snow Water Equivalent3 meter Hypalon® Snow
Pillow w/ Druck 1230 Pressure Transducer.

7 m H,0.
2 cm H,O resolution

Extremely sensitive to placement. May be
under representative because of snow bridging.



AWS installed performance rates

Station

Start of
Record

End of
Record

Performance

Parameters

Almaty

21-Sep-02

21-Dec-04

99.99%

3 hr Air temp, Rh, Air
Pressure

24hr Max. and Min Air
Temp, Precipitation

Bishkek

18-Jun-02

07-Dec-04

99.9%

3 hr Air temp, Rh, Air
Pressure

24hr Max. and Min Air
Temp, Precipitation

Tashkent

13-Sep-02

30-Nov-04

95.9%

3 hr Air temp, Rh, Air
Pressure

24hr Max. and Min Air
Temp, Precipitation

Naryn

15-Sep-02

03-Dec-04

94.1%

24hr Max. and Min Air
Temp, Precipitation




|
)!N! VS manua‘ Ha!a comparison for daily and monthly

calculations based on standard differences
3 hour Mean Temperature (degree C)

| Station | AwS | Manual | Std. Diff.
Almaty 9.341 9.371 0.458
Bishkek 12.577 12.797 0.836
Tashkent 15.445 15.624 2.198
3 hour Mean Relative Humidity (percent) 7
Station AWS | Manual Std. Diff.
Almaty 63.851 65.064 4.387
Bishkek 62.387 61.928 4.377
Tashkent 56.300 55.546 8.357
-3 hour Mean Atmospheric Pressure (mbar) ,
Station AWS | Manual | Std. Diff.
Almaty 921.63 921.06 0.374
Bishkek 929.35 929.84 6.980

Tashkent 960.40 959.46 3.953
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AWS vs manual data comparison for daily and monthly
calculations based on standard differences

‘Mean Maximum Temperature (degree C)

Station AWS | Manual | std. Diff.
Almaty 14.473 14.888 1.104
Bishkek 19.155 18.968 0.544
Naryn 9.706 9.783 0.861
Tashkent 22.405 22.453 1.142

‘Mean Minimum Temperature (degree C)

Station AWS ‘ Manual ‘ Std. Diff.
Almaty 5.058 4.773 1.013
Bishkek 6.386 6.981 0.689
Naryn -1.785 -1.534 0.534

Tashkent 9.513 9.780 1.016
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AWS vs manual data comparison for daily and monthly
calculations based on standard differences

Almaty
Month
AWS Manual Error
1 0o | 77.6 [100%)
2 1.3 108.8 99% AINS Amaty
3 50.1 161.1 69% monthly sum of precipitation
120%
4 168.6 | 207.9 19% e
5 239.1 | 251.8 5% |5 soud
6 |1784| 1898 | 6% ||2 e
7 1716471892 6% m 40% 1
8 51.8 62.9 18% S
0% -
9 95 99 (4%3 1 2 3 4 5 ME tﬁ 8 9 10 11 12
TR ontns
10 58.4 69 15%
11 64.4 | 158.2 | 59%
12 0.1 88.6 100%




" A
AWS vs manual data comparison for daily and monthly
calculations based on standard differences

y— Bishkek

AWS | Manual | Error
1 57.8|  649| 11%
2 835| 97.7| 15%
3 | 1243| 1401| 11%
4 | 1355| 149.8| 10%
5 | 1443 156| 8%
6 97.5| 108.1| 10%
7 88.7 9%6| 8%
8 23.6 38 ( 38%)
9 20| 212 &%
10 | 1192 1244 4%
11 | 176.8| 1944| 9%
12 68| 97.4| 30%

Errerin percent

40%

35%
30%
25%
20%
15%
10% -

5% -

0% -

AWS Bishkek
monthly sum of precipitation

1 2 3 4 5 6 7 8 9 10 11 12
Months
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AWS vs manual data comparison for daily and monthly
calculations based on standard differences

Month Naryn
AWS | Manual | Error
1l el 72 B AWS Naryn
2 18.6 19.5 5% monthly sum of precipitation
3679 [V7ee | ) O
4 | 1121 | 1167 | 4% |, =
5ol 8re o3l e fe ]
6 87.7 92 596 = ** 1
7 80.1 83.7 A% HE 20% |
8 427 | 53.7 | 20% | 190%
9 3.8 3.3 M 0% -
10 408 427 (4%> 1 2 3 4 & h:?gnﬁT-Igﬂ 2 10 11 12
11 | 788 | 946 | 17%
12 by 5 AR o W LG . 4
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AWS vs manual data comparison for daily and monthly
calculations based on standard differences

Tashkent
Month
AWS Manual | Error

(
1 537 | 316 ((70%) -
2 109.8 120.4 9% monthly sum of precipitation
3 161.4 176.1 8% S0k
4 106.9 | 127.6 | 16% |_ %]
5 75 829 | 10% §4°%-
6 22.8 25.9 120 | g 30% -

ok 5
7 15.5 16 T 3% R E 2
8 2 6.1 18% 10% -
9 0.6 0.8 25% 0% -

1 2 3 4 5 & T B 9 10 11 12

10 195 24 19% Months
11 122.6 167.3 27%
12 129.7 157.7 18%
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AWS vs manual data comparison for 3 hours and daily
measurements based on T and F tests

(air temperature)

Air temperature measured at 03:00 UTC Mean Mean Dif Dis Dis Dis
3 ; T F
” manual | sens. | mean | man | sen | Ratio
32
og | Y =0-9753x - 0.2078 80.7 | 839 | 1.04 |025| 0.63
= 0.9885
2
c
(]
£
(]
5
8
(]
S .
[ ™ Air temperature measured at 03:00 UTC
CECU a8 19 /1'. 4‘0 1‘c: q‘n ")‘/I 20 '2‘0 2, (WOOd bOX)
/8— 44
12 | 40 -
” » 36 1 Y=1.008x+0.1423
10 o 2 —
Sensor measurements & 32 o ed
£ 28
; 24 |
S 20 -
£ 16 |
S 12
C
. - - - m 87
Mean | Mean | Dif. Dis. | Dis | Dis. = 4 /
; T F
manual | sens. Mean man sen Ratio 0 ‘ T ‘
0 8 12 16 20 24 28 32 36
20.64 20.34 0.31 43.8 | 43.02 | 1.02 | 0.67 | 0.91 Sensor measurements




AWS vs. manual data comparison for 3 hours and daily
measurements based on T and F tests

(air temperature)

Air temperature measured at 09:00 UTC Mean Mean Dif. DiS. DiS. DiS.
f T F
o manual | sens. | mean | Man. | Sens. | Ratio
32
y = 0.9988x + 0,244 22.64 22.45 0.19 103.2 | 102.96 1.00 | 0.74 | 0.98
0 2871 RZ=0.9972
£ 24 -
g 20 -
> |
: 16
2 12 +
[ 8
5
8 4
= 0 R ‘ - Air temperature measured at 09:00 UTC
720 4 8 12 16 20 24 28 32 36 40 44 (wood box)
- 44
Sensor measurements gg i é
% 55 | ¥ =09955x +0.1563
£ 2| R? = 0.9994
> 24
S 20
E 16
S 12 A
; : : ] & 8 Pl
Mean | Mean | Dif. Dis. | Dis. | Dis. = 4,1 7
: T F
manual | sens. | mean | Man | sens | Ratio 0+ P
0 4 8 12 16 20 24 28 32 36 40 44
27.33 27.30 0.03 5291 | 534 1.01 0.96 0.95 Sensor measurements




AWS vs manual data comparison for 3 hours and daily
measurements based on T and F tests
(air temperature)

Air temperature measured at 15:00 UTC
Mean Mean Dif. Dis. Dis. Dis.
3 . T F
3 < manual | sens | mean | Man | Sens. | Ratio
y = 1.011x + 0.4135
284 R?=0.9967
% ig’ 17.76 84.3 | 82.25 1.03 0.25 0.76
£ ) S==s
< 16 -
g 12 -
1S 8
S 4
3 o
E T U. T T T T T T
12 -8 A4 0 4 8 12 16 20 24 28 32 36 40
1; Air temperature measured at 15:00 UTC
Sensor measurements (wood box)
44
40 |y =|0.9976x + 0.2484
@ 36 - R? = 0.9986
S 32
£ 28
5 24
[}
S 20
% 16 -
Mean | Mean | Dif. Dis. Dis. Dis. 2 129
: T F g 8]
manual sens mean Man Sens. Ratio 44 4
0 ‘ ‘ ‘ ‘ ‘
0 4 8 12 16 20 24 28 32 36 40
21.74 21.54 | 0.20 | 44.60 | 44.75 1.00 0.77 0.98 S
ensor measurements




AWS vs. manual data comparison for 3 hours and daily
measurements based on T and F tests
(air temperature)

Air temperature measured at 21:00 UTC . . v "
riemperat ’ Mean Mean Dif. Dis. Dis. Disp.
J T F
36 manual sens | mean | Man | Sens. | Ratio
32
28 -y = 1.0026x + 0.2048 12.98 51.8 | 51.32 1.01 0.56 0.91
,g 24 - R? = 0.9957
% 20
5 16 -
8 12
1S 8
[} fa)
E L/ T T T T T T
12 8 A0 4 8 12 16 20 24 28 32
-8 - Air temperature measured at 21:00 UTC
12 (wood box)
Sensor measurements
32
28 |
a2 y =1.0028x + 0.1786
§ 247 R? = 0.9986
§ 201
3
ﬁ 16 -
E 12
Mean | Mean | Dif. | Dis. | Dis. | Dis. S 8] -
: T F 3
manual | sens | mean | Man | Sens. | Ratio = 4
0 ‘ ‘ ‘ ‘ ‘
0 4 8 12 16 20 24 28 32
16.20 | 15.9 | 0.22 | 287 | 2843 | 1.01 | 0.68 | 0.96 Sensor measurements




AWS vs. manual data comparison for 3 hours and daily
measurements based on T and F tests
(relative humidity)

Realative humidity measured at 03:00 UTC Realative humidity measured at 09:00 UTC
100 = 100 .
00 I ,c)f] 90 |
= 0.9351x + 3.581 T R = : T st
0 ¥ : d e i ¥ = 0.p525% + 0.9618 //f*’
2 R = 0.9675 % RZ = plogss / -
$ 70 E J
£ o
E 60 ¥ _ff
a 4 e arsims = -.’;}!;I{'.
g A0 = :._‘_.‘_'I_ {(_1-' ﬁ A0 — Sh=s :
= W E w /f(
5 3 =i
c 30 c 30
[} [}
= 20 =
10 10
0 0
0 10 20 30 40 S0 60 0 80 90 100 0O 10 20 30 40 S50 60 FO 80 90 100
Sensor measurements Sensor measurements




AWS vs. manual data comparison for 3 hours and daily
measurements based on T and F tests
(relative humidity)

Manual measurements

Realative humidity measured at 15:00 UTC Realative humidity measured at 21:00 UTC
100 of 100
90 - 90
= =0. +
80 | y = 0.929x + 2.8404 80 . y=0 92369( 2
R? = 0.9805 2 R = 0.9668
70 - & 70
S
60 - O 60
>
50 A @ 50
[}
40 - E 0] .
© e e
30 2 301 ‘e
S /
20 - = 20 :
10 : 10 -
0 ‘ ‘ ‘ ‘ ‘ ‘ 0 ; ; ‘ ‘ ‘ ‘ ‘
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Sensor measurements Sensor measurements




AWS vs manual data comparison for 3 hours and daily
measurements based on T and F tests

(relative humidity)

hihe ml\/;inal g/l eenasn. mtzeifaln mﬁ s[e)insspc;r Igleilloo 1 3
3 58.95 | 59.21 | -0.26 [411.76 | 455.58 | 1.11 | 0.83 0.21
9 36.94 | 37.73 | -0.79 |454.28 | 493.26 | 1.09 | 0.52 | 0.31
15 5391 | 5498 | -1.06 |416.52 | 47/3.22 | 1.14 | 0.37 0.11
21 | 67.45 | 68.96 | -1.51 | 307.37 | 338,55 | 1.10 | 0.14 | 0.23




AWS vs manual data comparison for 3 hours and daily
measurements based on T and F tests
(Barometric pressure)

Manual measurements

980

Barometric pressure measured at 09:00 UTC

970 -

960

y = 0.9615x + 36.212
R? = 0.9807

950 -

940

940

950 960 970

Sensor measurements

980

Manual measurements

980

Barometric pressure measured at 21:00 UTC

970

960

y = 0.986x + 12.564
R? = 0.988

950 -

940 L2

940

950 960 970
Sensor measurements

980




AWS vs manual data comparison for 3 hours and daily
measurements based on T and F tests

(Barometric pressure)

fime ml\/;iinal Z/I eenasn. mDej;n [Iz/IIZﬂ s[;insspc;r g:astlpo ) 5
3 958.86 | 959.59 | -0.73 | 47.14 | 47.76 | 1.01 | 0.06 0.87
9 958.50 | 959.23 | -0.73 | 46.01 | 48.64 | 1.06 | 0.06 | 0.49
15 | 958,52 [ 959.35| -0.83 | 50.11 | 49.98 | 1.00 | 0.04 | 0.97
21 | 958.37 | 959.19 | -0.82 | 49.06 | 49.86 | 1.02 | 0.04 | 0.84




AWS vs manual data comparison for 3 hours and daily
measurements based on T and F tests
(daily totalized liquid precipitation)

Daily sum of precipitation

111111111

Differences
Min Max Averaged Ttest | Ftest
0.00 | 4.30 0.46 0.60 | 0.17




Cconclusions

1.0Only daily averaged measurements by sensors look like as
confident in terms of statistically proven homogeneity in
respect to manual data series

2.Data come from sensors with 3 hours resolution cannot be
merged to the manual data series as being a replenishment
of that data series without adequate data processing
because the risk of heterogeneity

3.Variance sensor data-manual data can be minimized via
mitigation the ambient influences



