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1. Introduction

HARE - Stations at High Altitude for Research on the

Environment - is an integrated environmental project
funded by the Ministry of Education, University and Rese-
arch (MIUR) and promoted by Ev-K2-CNR in 2005 with the
support of Italian and International research institutions
and in collaboration with the United Nations Environment
Program (UNEP). The project is focused on mountain re-
gions as primary indicators of climate change and it re-
sponds to the call of international and intergovernmen-
tal institutions for improving environmental research in
high mountain regions.SHARE specific aim is to improve

scientific knowledge on climate variability in mountain re-
gions, by ensuring the availability of long term, high qua-
lity data. Thirteen automatic weather stations (AWSs) and
three atmospheric observatories (ATM) installed around
the world at several altitudes contributed to the SHARE
network, regularly sharing data on meteorological and
atmospheric conditions.

Data collected at high altitude in the SHARE project pro-
vide unique information to several international climate-
environmental monitoring programs, as like as UNEP-ABC,
WMO-GAW, NASA AERONET.

Mt. Cimone (Northern Apennines) Italy Europe “Ottavio Vittori” ATM 2165

Observatory

(ISAC-CNR)
Forni Glacier (Central Alps) Italy Europe AWS1 Forni AWS 2669
Dosde Glacier (Central Alps) Italy Europe AWS Dosde-Levissima AWS 2850
Gigante Glacier (Western Alps) Italy Europe  AWS Bianco- Osram AWS 3430
Mt. Portella Observator

Campo Imperatore (Gran Sasso Apennines) Italy Europe (CETEMPS) J ATM 2401

ABCPyramid ATM 5079
Pyramid Laboratory Observatory Nepal Asia (ABC-Pyramid)
(Lobuche, Khumbu Valley) AWS1 AWS 5050
Pheriche (Khumbu Valley, Himalayas) Nepal Asia AWS2 AWS 4258
Namche Bazaar (Khumbu Valley, Himalayas) Nepal  Asia AWS NP AWS 3560
Lukla (Khumbu Valley, Himalayas) Nepal Asia AWS3 AWS 2660
Kala Patthar Nepal Asia AWS-KP AWS 5600
(Khumbu Valley, Himalayas)
Changri Nup Glacier Nepal Asia AWS-CNG AWS 5700
(Khumbu Valley, Himalayas)
Urdukas (Baltoro Glacier, Karakorum) Pakistan Asia AWS PK1 AWS 3926
Askole (Baltoro Glacier, Karakorum) Asia AWS PK2 AWS 3015
Concordia (Baltoro Glacier, Karakorum) Pakistan Asia AWS CO AWS 4700
Mt. Stanley (Elena Glacier, Rwenzori) Uganda Africa AWS RW AWS 4750

: Chacaltaya Laboratory

Chacaltaya (Cordillera Real, Ande) Bolivia i(r)’rl:;?ica (La Paz University) ATM 5240

Tab.1 - Measurement stations (AWS: automatic weather stations, ATM: observatories for atmospheric composition measurements) contributing to the SHARE Project.







1.1 Aws quality control

ince spring 2011, in the framework of the

SHARE project, the calibration activities of
the automatic weather stations have been im-
proving thanks to the use of a mobile Quality ¥
Control AWS (AWS QQ). '

This action, necessary to guarantee high qua- |
lity measurements and check the state of the '
stations, was started in Nepal, where the most |
of AWSs are installed and then it will continue
systematically in the other countries in order
to calibrate all AWSs.

The AWS QC is equipped with sensors and ac-
quisition systems with uncertainties, known
and certified (see table below).

In 2012 the AWS QC was used to calibrate the

AWSs installed at Periche and Lukla.
> Instafled at Feriche and Luxda Fig. 1- AWS QCinstalled near the AWS in Namche

Variable Time Resolution | Manufacturer Accuracy Resolution Certification
Data Logger - Campbell _ _ )
CR1000
: o Vaisala HUMICAP ISO 9001:2000
Air temperature (°C +0.17° 1°
P €0 10s HMO155 0.17°C 01°C ISO/IEC 17025
Relat'iv.e 105 Vaisala HUMICAP +1% 01 % 1SO 9001:2000
humidity (%) HMO155 ISO/IEC 17025
Atmospheric Vaisala BAROCAP ISO 9001:2000
10s L ;
pressure (hPa) PTB330 015 hPa 045hPa s 0/EC 17025
CMP21
pyranometer
Global solar 0.1s (Kipp & Zonen) 1W/m?2 n.a -
radiation (W/m?) CGR4
Pyrgeometer
(Kipp & Zonen)
Wind speed (m/s) 4s WAV151 +0.5 m/s - -
Wind direction 4s WAA151 +0.3° 5.6° -

(degree)

Tab. 2 - AWS QC set-up
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2. Sites description

2.1 NEPAL

he SHARE activities in Nepal are carried out mainly

along the Khumbu Valley located in the central part
of the Himalayan Range and partially included in the
Sagarmatha National Park area. Thanks to its location,
this valley represents a strategic area to study climate
change and its effects on mountain ecosystems, contai-
ning the southern half of Mount Everest and its summit.

The area is characterized by poor annual mean precipita-
tion mostly concentrated during the summer monsoon
season. Winter synoptic circulation is dominated by we-
stern streams (westerly) bringing events which lead to
snowfalls in the western and central Himalayan Range
and the Tibetan Plateau. In summer, southern monsoon
streams dominate carrying damp ocean air toward the
interior of the continent. Throughout all seasons - except
for the monsoon - an intense southern valley breeze
blows during the day, contrasted by a less intense nor-
thern mountain breeze at night. During the monsoon, a
valley breeze is also common at night (Ueno et al., 2008).
Moreover, Himalayan high-altitude meteorology is stron-
gly influenced by the Asian monsoon circulation and by
local mountain wind system (Bonasoni et al., 2010).

In this region a network of six automatic weather stations
and one atmospheric laboratory has been installed since
1994 and covers an altitudinal range from 2660 to 5700
m a.s.l. (Fig. 1). In particular, the meteorological stations
that constitute the SHARE Network in Nepal are located

in Lukla (2660 m a.s.l.), Namche (3560 m a.s.l), Pheriche
(4258 m a.s.l.), Pyramid (5050 m a.s.l.), Kala Patthar (5600
m a.s.l.) and Changri Nup (5700 m a.s.l.).

The most of automatic weather stations take hourly
measurements of seven standard meteorological pa-
rameters: temperature, relative humidity, atmospheric
pressure, wind speed and direction, short-wave global
radiation, rain precipitation.

At Pyramid the AWS was implemented by sensors for
the determination of soil parameters (temperature, wa-
ter content, and thermal flux) and four components of
radiations. Kala Patthar AWS records also UVA radiation
in addition to the standard meteorological parameters.

Since 2006, near the International Laboratory Observa-
tory Pyramid, the Nepal Climate Observatory-Pyramid
(NCO-P) is operative at 5079 m a.s.l. and regularly col-
lects data concerning atmospheric composition varia-
bility. This station is installed in a key area to study the
background atmospheric condition of Khumbu Valley
and improve knowledge on Atmospheric Brown Cloud
(ABC) phenomenon as reported in many papers (see
Bonasoni et al., 2010; Marinoni et al., 2010; Duchi et al.,
2011; Bonasoni et al., 2012; Bracci et al., 2012; Cristofa-
nelli et al., 2010;). Thanks to its contribution to research,
the NCO-P represents the 34th Global Station in the fra-
mework of Global Atmosphere Watch - World Meteoro-
logical Organization (GAW-WMO).



AWS KP
(5.600 m asl)

(4.258 m asl)

AWS CNG
(5.700 m asl)

(2.660 m asl)

(5.079 m asl)
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Fig. 2 Location of the stations installed in Khumbu Valley, Himalayas, Nepal.




EVK2CNR PN R MEN K=

2.2 PAKISTAN

n Pakistan, the SHARE activities are focused in Central
Karakorum National Park on Baltoro Glacier, Karako-
rum.

During the winter and spring period, the Karakoram area
is affected mainly by a broad scale weather system ori-
ginating primarily from the Mediterranean or from the
area of the Caspian Sea and from air mass convective
storm in the pre-monsoon season (Archer, 2001; Archer
and Fowler, 2004; Treydte et al., 2006; Syed et al., 2006).

In spite of climate changes, relatively recent studies car-
ried out on this glacier in the last 50 years show small
and limited variation concerning its extension in respect
to most of the mountain glaciers on the Earth (Mihalcea
et al., 2006, 2008).

In fact, on the Baltoro Glacier the debris insulation effect
allowed a large quantity of ice in the glacier tongue to
be conserved. In this region climate is very wet and cha-
racterized by low temperatures.

Moreover it is poorly influenced by monsoon and preci-

pitations show a regular trend (Archer, 2001).

In this region three AWS are operative. Specifically, in
the Central Karakorum National Park, the AWS-Urdukas
(3926 m a.s.l) and the AWS-Askole (3015 m a.s.l.) have
been working since 2004 and 2005, respectively. They
are supplying unique information, useful to characteri-
zed meteorological condition of Baltoro Glacier.

Both stations record standard meteorological parame-
terswith hourly frequency. Moreover, since July 2011, Ur-
dukas station has been implemented by the installation
of sensors to investigate the of the short-wave and long-
wave radiation budget.

The same parameters are recorded also by a new sta-
tion installed in 2011 at Concordia (4700 m a.s.l), in
one of most impressive glacier basin in the world: the
Baltoro. The glaciers flowing from K2, Broad Peak, and
Gasherbrum I and Il plus many others are joining in Con-
cordia and flowing out to the Baltoro glacier for 60 km
in total.

AWS ASKOLE

(3.015m asl) [

AWS URDUKAS
(3.926 m asl)

AWS CONCORDIA

(4.700 m asl)

Fig. 3- Location of AWSs installed in the Central Karakorum National Park.




2.3ITALY

In Italy the monitoring activities are focused on Alps
and Apennines Area.

On Alps three AWSs are installed on three different Ita-
lian Glaciers. The AWS1 Forni has been installed on Forni
Glacier on September 26, 2005 at 2669 m a.s.l. and its lo-
cation is a good compromise between the needs for mi-
nimizing local topography effects and lowering the pro-
bability of avalanches destroying the AWS. This station
represents the first Italian permanent above glacial AWS
that supply a big number of information about micro-
meteorological conditions on surface of an Italian Alpine
glacier. In particular, this station is located in the glacial
ablation area and permits to measure both the winter
accumulation and the thermal conditions and in-co-
ming/out-coming energetic fluxes that rules the losses
of glacial masses during the summer period (Diolaiuti et
al., 2012; Diolaiuti et al., 2011; Senese et al., 2010; Senese
etal., 2010)

The AWS Dosdé - Levissima is the second ltalian per-
manent station and it has been installed on August 14,
2007, on Dosdé Glacier. This station located at 2850 m

asl permits to collect data on above glacial thermal con-
ditions and incoming and outcoming energetic fluxes.
This automatic weather station represent the highest
Lombardy permanent station on glacier and its data can
be comparable to those collected by AWS Forni in order
to verify the effects of climate change on glacial size and
micro-meteorological parameters (Diolaiuti et al., 2011)

The AWS Monte Bianco - Osram is the third Italian per-
manent automatic weather station and has been instal-
led on December 17, 2007 on Gigante Glacier (Mt. Bian-
co’s group), one of the most important Italian glacier
group. The AWS Monte Bianco, is located about 400 m
from the “Punta Helbronner” and represents the highest
Italian permanent AWS on glacier. Data collected by this
station permit to improve knowledge both on local mi-
cro-meteorological knowledge and to support the peri-
glacial researches.

Moreover, this station located at 3430 m asl permits to
collect data on above glacial thermal conditions and in-
coming and outcoming energetic fluxes. Data collected
by this station can be compared to the AWSs installed on
Forni and Dosdeé glaciers.

AWS BIANCO-OSRAM
(3.430m asl)
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Stations at High Altitude

On Apennines, at Mt. Cimone the Italian Climate Obser-
vatory “Ottavio Vittori” (ICO-QV) is installed. Mt. Cimone
is the highest peak of the Northern Apennines on the
border line of two different climatic regions: the Conti-
nental Europe northwards and the Mediterranean Basin
southwards.

The Italian Climate Observatory “O. Vittori” (ICO-OV) is a
research infrastructure managed by the Institute of At-
mospheric Sciences and Climate (ISAC) of the National
Research Council (CNR).

It is the only high mountain station for atmospheric re-
search both South of the Alps and the Po basin and it
represents a strategic platform to study the chemical-
physical characteristics and climatology of the South
Europe and North Mediterranean basin. The ICO-OV is
the only Global Station of the GAW-WMO over the Ita-
lian territory. At the ICO-OV, continuous monitoring of
climate-altering compounds (trace gases and aerosol),
solar radiation as well as meteorological parameters are
carried out since 1996.

The ICO-QV activity can help to better monitor the chan-

ges of atmospheric composition, to investigate the pro-
cesses influencing climate and to assess the contribution
of short and long-range air mass transport to atmosphe-
ric variability (Cristofanelli P. & P. Bonasoni, 2009; Cristo-
fanelli et al., 2012). ICO-OV is part of several international
networks devoted to the long-term monitoring of atmo-
spheric properties and climate change study. Data from
ICO-OV are also used to calibrate and verify data from
satellites and model simulations too.

On the Central Apennines, on one of the ridge of the
Mt. Portella (2401 m a.s.l.), in the Gran Sasso chain, the
Portella Climate Observatory (OCP) has been installed
in June 2012. OCP is the highest atmospheric observa-
tory of the Apennines, near the Calderone glacier (the
southernmost of Europe). It is a strategic site to observe
the chemical, physical and climatological changes of the
atmosphere in the Mediterranean basin.

This station records in continuous the main meteorolo-
gical parameters, ozone and NO, concentrations and size
particle distribution.



2.4 UGANDA

In Africa, the SHARE monitoring activities are focused
in Uganda, in particular on Mt. Stanley in Rwenzori
mountain area.

The Rwenzori Mountains (also called “Mountains of the
Moon”), with heights of up to 5109 m a.s.l. are located in
the central Africa, on the border between Uganda and
the Democratic Republic of Congo, in the Ugandan Na-
tional Park ,an UNESCO World Heritage Site.

In the Rwenzori Range some of the main peaks are co-
vered with permanent snow and glacier, while the lower
slopes are covered with dense forest. Besides there are
several massifs such as Point Margherita, the third hi-

ghest African summit after Mt. Kilimanjaro and Mt. Ken-
ya.

The AWS Rwenzori (RW) has been installed in the we-
stern part of the Stanley Plateau on 2006 This AWS wor-
ked until 2009 recording in continuous the standard me-
teorological parameters.

These data allowed to characterize meteorological con-
ditions of the area and to analyse the air mass transport
(Lentini et al., 2011).

Recently, on January 2013, the AWS was re-activated
with an improved set-up also including measurements
of snow level, short-wave and long-wave radiation bud-
get, rain precipitation.
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2.5BOLIVIA

In Bolivia, SHARE contributed to the reinforcement of
the GAW-WMO station at Chacaltaya, a new atmo-
spheric observatory managed by the La Paz Universi-
ty. In particular, thanks to SHARE contributions, from
December 2011, the atmospheric ozone concentration
is measured at Chacaltaya Laboratory.

The Chacaltaya laboratory (5240 m asl) is the highest site
for astrophysical and cosmic rays research in the world.
For its location, the Chacaltaya laboratory is considered
the viewpoint of Cordillera Real, on the Bolivian Andes.

Built on the Bolivian Andes plateau, this laboratory is sur-
rounded by mountains higher than 5,000 m a.s.l., such as
[llimani (6462 m a.s.l.), Mururata (5775 m a.s.l.), Condori-
ri (5696 m a.s.l.) and the beautiful Huayna Potosi (6088
m a.s.l.), one of the most scenic mountains in the world.
On this mountain, the homonymous glacier found place
and it has now completely disappeared, as Edson Rami-
rez, Professor at La Paz University, announced a couple
of years ago. Therefore, studying climate evolution in
this area of South America appears more important than
ever.
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3. Presented data

his report gathers the 2012 pre-validated data of all

automatic weather stations and atmospheric obser-
vatory in Nepal, Pakistan, Italy and Bolivia in the fra-
mework of SHARE project.

For all stations there is a documentation sheet where
technical information are shown, followed by tables col-
lecting mean daily/total daily data for each standard me-
teorological parameter.

Daily rain precipitation corresponds to the sum of hourly
rain of that day (if temperature value is under zero, the
rain precipitation data can be underestimate) while daily
wind direction data are represented by daily prevailing
wind sector.

In mountain areas the wind system is characterized by
mountain-valley breezes. In addition in several melting
glacier surfaces during a large part of the summer and
in high latitude areas in wintertime, like Antarctica, the
glacier boundary layer can not show a clear daily cycle
due to katabatic fluxes occurence (i.e. winds that flow
down the topographic gradient or out of a valley due to
surface cooling that gives this air a greater density than
the free atmospheric air).

In order to account this complex system, the days fea-
turing more than one prevailing direction are indicated
with “var”.

For the atmospheric observatories, among several pa-

rameters, we decided to present here ozone and black
carbon concentration data.

These parameters are two widely reocgnised short-lived
climate forcers and pollutants (SLCF/P), i.e. atmospheric
compound able to exert a climate forcing by modifying
the energy budget of the atmosphere, but having a
shorter lifetimes than carbon dioxide.

Since both ozone and black carbon are dangerous air-
pollutants, it has been assessed that reducing theri emis-
sions can lead to immediate climate and social benefits,
especially at regional scale.

Since most of the stations here considered are unman-
ned, it should be noted that for radiometric measure-
ments data can be occasionally affected by the snow
accumulation over the sensor.

Since the AWS experimental set-up is not specifically
designed for the snow precipitation sampling, the preci-
pitation data (here expressed as “rain precipitation”) can
be significantly underestimated when air-temperature is
below the freezing point.

In the tables “not available” (n.a.) is indicated when the
number of hourly data were insufficient (less than 75%)
or the measurements were not performed.

The ten-day averages or total values are calculated when
there are at least six days of daily data available.







3.1 Meteorological Data

3.1.1 NEPAL
AWS PYRAMID

TECHNICAL SHEET

Coordinates:

Installation Time:
September 2000

Data Availability:

Latitude: 27°57°33” N
Longitude: 86° 48’ 46" E
Elevation: 5.050 m a.s.!

From October 1%, 2000

VARIABLE RANGE ACCURACY RECORDING HEIGHT MANUFACTURER
RATE ON POLE
LSI-Lastem
AWS1 Data Logger 2m Babuc ABC
Air Temperature -30-+70°C +0.1°C 60 min. 2m LSI-Lastem DMA570
I_'I‘:";‘It"i‘l’fy 0-1009% +2.5% 60 min. 2m | LSI-Lastem DMA570
Atmospheric Pressure 500 - 800 hPa ThPa 60 min. 2m LSI-Lastem CX115P
(1 hPa=1 mBar)
Rain 180 mm/hr 0-1 mm/min: 1% LSI-Lastem DQAO035
Precipitation 1-3 mm/min: 2% 60 min. 1.5m
3-5 mm/min: 4%
5-10 mm/min: 8%
Wind Speed For speed: For speed: ) LSl-Lastem DNA022
and Direction 0-60 m/s 0,1 m/s+1%VL 60 min. 5m
For direction: For direction: 1%
0-=360 FS (Full scale)
Global Solar Radiation 0-2000 - 60 min. 2m Kipp & Zonen CM6B
CEOP Data 2m LSI-Lastem E-Log
Logger
Heat Flux <2000 Wm-2 3% 1 min -5cm LSl-Lastem DPE260
Solar Radiations Pyranometer: +10% Kipp & Zonen CM3*
CNR1 sensor: 0to25mV on daily totals . pyranometer
(four components - - 1 min 2m -
combined Pyrgeometer: non linearity: Kipp & Zonen CG3
sensor+internal +5mV <1% pyrgeometer
temperature
with PT100)*
Snow level 0to8m 0,1 % (FS) 1 min 2m Sommer USH-8
Soil Temperature -20+70°C 0,15° (at 0°C) 1 min -5cm LSI- Lastem DLA400
-20cm
Soil Moisture 0% from 1/10 of water amount 1 min -5cm SDEC HMS 9000

saturation point
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AWS LUKLA

TECHNICAL SHEET

Coordinates:
Latitude: 27°41°48” N

Elevation: 2.660 m a.s.|

Installation Time:

Longitude: 86°43" 17" E

September 2002
Data Availability:
From November 2+¢, 2002
VARIABLE RANGE ACCURACY RECORDING HEIGHT MANUFACTURER
RATE
LSI-Lastem
AWS3 Data Logger 2m Babuc ABC
Air Temperature -30-+70°C +0.1°C (0O°C) 60 min. 2m LSI-Lastem DMA572
,.',‘f,',fit",‘i’tey 0-1009% +1.5% (5 + 9,5%,23°C) | 60 min. 2m | LSl-Lastem DMA572
Atmospheric Pressure 500 - 800 hPa ThPa 60 min. 2m LSIl-Lastem CX115P
(1 hPa=1 mBar)
Rain 180 mm/hr 0-1 mm/min: 1%
Precipitation 1-3 mm/min: 2% 60 min. 1.5m LSI-Lastem DQAO035
3-5 mm/min: 4%
5-10 mm/min: 8%
Wind Speed For speed: For speed: )
and Direction 0-60 m/s 0,1 m/s+1%VL 60 min. 5m LSI-Lastem DNA022
For direction: For direction:
0-=360 1% FS (Full scale)
Global Solar Radiation 0-2000 60 min. 2m Kipp & Zonen CM6B
CEOP Data 2m LSI-Lastem E-Log
Logger
Heat Flux <2000 Wm-2 3% 60 min -5cm LSI-Lastem DPE260
Solar Radiations Pyranometer: +10% Kipp & Zonen CM3*
CNR1 sensor: 0to25mV on daily totals ) pyranometer
(four components - - 60 min 2m _
combined Pyrgeometer: non linearity: Kipp & Zonen CG3
sensor+internal +5mV <1% pyrgeometer
temperature
with PT100)*
Soil Temperature -20+70°C 0,15° (at 0°C) 60 min -5cm LSI- Lastem DLA400
-20cm
Soil Moisture 0% from 1/10 of water amount 60 min -5cm SDEC HMS 9000

saturation point

Note: Outgoing Shorwave radiation and rain precipitation data are not available for 2012.
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AWS NAMCHE

TECHNICAL SHEET

Coordinates:
Latitude: 27°48’8.6” N

Longitude: 86° 42’ 52" E
Elevation: 3.560 m a.s.|

Installation Time:

October 2001
Data Availability:
From October 27, 2001
VARIABLE RANGE ACCURACY RECORDING HEIGHT MANUFACTURER
RATE
LSI-Lastem
Data Logger 2m E-Log
Air Temperature -30-+70°C +0.1°C 60 min. 2m LSI-Lastem DMA570
I_'I‘Lfl':fé‘l’tey 0-100% +2.5% 60 min. 2m LSI-Lastem DMA570
Atmospheric Pressure 500 - 800 hPa ThPa 60 min. 2m LSI-Lastem CX115P
(1 hPa=1 mBar)
0-1 mm/min: 1%
Rain 180 mm/hr 1-3 mm/min: 2% 60 min. 1.5m LSI-Lastem DQAO035
Precipitation 3-5 mm/min: 4%
5-10 mm/min: 8%
) For speed: For speed: )
Wind Speed 0-60 m/s 0,1 m/s+1%VL 60 min. 5m LSI-Lastem DNA022
and Direction For direction: For direction:
0+ 360 1% FS (Full scale)
Global Solar Radiation 0-2000 60 min. 2m Kipp & Zonen CM6B

pyranometer
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AWS PHERICHE

TECHNICAL SHEET

Coordinates:
Latitude: 27° 53" 43" N
Longitude: 86°49’7.5” E
Elevation: 4.258 m a.s.|

Installation Time:

October 2001
Data Availability:
From October 25, 2001
VARIABLE RANGE ACCURACY RECORDING HEIGHT MANUFACTURER
RATE
LSI-Lastem
Data Logger 2m Babuc ABC
Air Temperature -30-+70°C +0.1°C (0°C) 60 min. 2m LSIl-Lastem DMA572
I_'I‘:Lﬁ‘lt&‘l’fy 0-100% 1.5% (5+95%, 23°C) 60 min. 2m LSI-Lastem DMA572
Atmospheric Pressure 500-1100 hPa 0,45 hPa 60 min. 2m Vaisala BAROCAP
(1 hPa=1 mBar) PTB330

Rain 0-1 mm/min: 1%
Precipitation 180 mm/hr 1-3 mm/min: 2% 60 min. 1.5m LSI-Lastem DQAO35
3-5 mm/min: 4%
5-10 mm/min: 8%

Wind Speed For speed: For speed:
and Direction 0-60 m/s 0,1 m/s+1%VL .
For direction: For direction: 60 min. 5m LSI-Lastem DNA022
0-=360 1% FS (Full scale)
Global Solar Radiation 0-2000 60 min. 2m Kipp & Zonen CM6B

pyranometer

Note: Rain precipitation data are not available for 2012.
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AWS KALA PATTHAR

Coordinates:

Installation Time:

TECHNICAL SHEET

Latitude: 27° 59’ 24" N
Longitude: 86° 49’ 48" E
Elevation: 5.600 m a.s.|

May 2008
Data Availability:
From May 13, 2008
VARIABLE RANGE ACCURACY RECORDING = HEIGHT MANUFACTURER
RATE
LSI-Lastem
Data Logger 10 min. 2m E-Log
Air Temperature -30-+70°C +0.1°C (0°C) 10 min. 2m LSI-Lastem DMA572
,_',‘:,"‘;‘it&‘i’fy 0-100% +1.5% (5+95%, 23°C) 10 min. 2m LSI-Lastern DMA572
Atmospheric Pressure 500 - 800 hPa ThPa 10 min. 2m LSI-Lastem CX115P
(1 hPa=1 mBar)
Rain Max 10 mm/min 1+10mm/min: £1% 10 min. 1.5m LSI-Lastem DQAO030
Precipitation
Wind Speed For speed: For speed:
i e 0-60 m/s 0.1 m/s+1%VL 10 min. 5m | LSl-Lastem DNA022
For direction: For direction:
0-=360 1% FS (Full scale)
Global Solar Radiation 0-2000 10 min. 2m Kipp & Zonen CM6B
pyranometer
UVA Radiation 0.100 Wm-2 5%=/°C 10 min

Note: UVA radiation data are not available for 2012.

LSIl-Lastem DPA-516
C502
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WIND DIRECTION (prevailing sector)
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* Data could be influenced by snow accumulation over the sensor that leads an underestimation of solar radiation fluxes.




AWS CHANGRI NUP

TECHNICAL SHEET

Coordinates:
Latitude: 27° 58’ 54.5” N
Longitude: 86°45’53.8” E
Elevation: 5.700 m a.s.|

Installation Time:

February 2010
Data Availability:
From February 24, 2010
VARIABLE RANGE ACCURACY RECORDING HEIGHT MANUFACTURER
RATE
' LSI-Lastem
Data Logger 30 min. 2m E- Log
Air Temperature -30-+70°C +0.1°C (0°C) 30 min. 2m LSI-Lastern DMA572
I_'I‘:r':lt"j‘l’tey 0-100% 1.5% (5+95%, 23°C) 30 min. 2m LSI-Lastern DMA572
) For speed: For speed: _
Wind Speed 0-60 m/s 0,1 m/s+1%VL 30 min. 5m LSI-Lastem DNA022
and Direction For direction: For direction:
0+ 360 1% FS (Full scale)
Solar Radiations )
CNR1 sensor: Pyranometer: +10% Kipp & Zonen CM3*
(four components 0to25mV on daily totals 30 min. 2m pyranometer
combined | b - | - -
sensor+interna yrgeometer: non linearity: .
temperature +5mV <1% Kipp & Zonen CG3
with PT100)* pyrgeometer
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EVK2CNR PN R MEN K=

INCOMING SHORTWAVE RADIATION (W/m?)

66.0 | 1796 | 286.8 | 306.2 | 347.8 | 3874 | 1232 | 1179 | 1376 K 2389 | 1769 | 128.2
131.2 | 178.7 | 269.0 | 2249 | 3749 | 286.6 | 159.0 | 2303 | 154.6 | 222.8 @ 1599 | 125.1
1473 | 183.2 | 2749 | 1785 | 308.0 | 2748 | 824 | 106.7 | 312.0 A 240.8 1742 | 1244
149.3 | 1313 | 263.8 | 149.0 | 296.2 | 331.7 | 1534 | 1575 | 241.8 | 292.7 | 171.8 | 123.0
149.1 | 1024 | 2724 | 2905 | 1848 | 347.6 | 1513 | 2304 | 240.7 | 2989 1658 | 119.8
150.8 | 1926 | 2804 | 286.6 | 293.8 | 2775 | 1359 | 1993 | 256.5 | 300.7 | 160.6 | 1209
149.6 | 189.7 | 279.7 | 321.6 | 3025 | 344.1 | 146.6 | 265.1 | 2443 | 291.1 | 1605 | 1222
71.9 214 | 2814 | 329.0 | 273.8 | 3058 | 2105 | 1173 | 228.1 | 2926 | 1573 | 1183
1140 | 1469 | 2828 | 292.0 | 322.1 | 3915 | 2366 | 1857 | 163.3 | 688 | 1551 | 1194
153.7 | 210.2 | 279.6 | 1444 | 2139 | 3988 | 2033 | 2444 | 1829 | 237.5 | 1553 | 1169

O O NGO UL A WN=

-
(=]

128.3 | 153.6 | 277.1 | 252.3  291.8 | 334.6 160.2 | 185.5 216.2  248.5 | 163.7 121.8

162.5 | 214.2 | 287.8 | 200.7 | 372.6 | 3376 | 1923 | 187.8 | 1957 | 240.8 A 1532 | 1364
1659 | 213.2 | 2943 | 255.0 | 305.0 | 371.0 | 166.1 | 170.6 | 206.9 @ 294.7 | 169.6 84.0

159.9 | 204.7 | 100.9 | 3463 | 3899 | 361.8 | 1364 | 151.2 | 1434 | 281.3 | 1185 79.5

1614 | 829 | 2757 | 2928 | 369.7 | 3376 | 1714 | 2554 | 2023 | 2043 | 1352 | 1175
155.8 | 84.3 | 245.0 | 231.0 | 3664 | 3442 | 1357 | 2277 | 1595 | 2104 | 146.7 | 1176
167.4 | 154.1 | 317.8 | 359.5 | 293.0 | 3323 | 138.0 | 241.0 | 129.2 | 262.1 | 1425 | 1163
160.9 | 155.0 | 3253 | 300.5 | 269.0 & 88.7 | 1927 | 1313 | 1184 | 2433 | 1406 | 116.0
162.0 | 1775 | 309.7 | 2753 | 240.6 | 2145 | 100.5 | 120.2 | 1335 | 2589 @ 1419 | 1151
163.0 | 233.1 | 303.6 | 349.9 | 3279 | 273.1 91.9 | 1135 | 1446 @ 2544 1402 | 1147
169.5 | 2226 | 3014 | 3504 | 346.0 | 358.7 | 1741 | 1199 | 2026 | 2548 & 1393 | 1203

162.8 | 174.2 | 276.1 H 296.1 | 328.0 302.0 149.9 | 1719 | 163.6 250.5 | 142.8 | 111.7

162.7 | 214.2 | 3085 | 174.0 | 388.1 | 248.1 | 168.6 | 228.1 | 2373 | 643 | 1372 | 116.1
160.3 | 2380 | 3126 | 3768 | 3779 | 1686 | 179.2 | 1276 | 2466 K 191.0 A 131.2 | 1176
164.8 | 2329 | 309.6 | 339.8 | 359.1 | 156.3 | 1525 | 167.9 | 2957 | 190.5 @ 1487 | 116.5
164.3 | 237.8 | 3120 | 341.3 | 3864 | 180.9 | 855 183.5 | 251.1 | 1921 | 135.2 | 116.3
166.3 | 241.2 | 302.8 | 3222 | 3629 | 2020 | 163.3 | 204.0 | 2816 | 191.6 K 130.1 | 117.7
176.1 | 239.1 | 262.2 | 349.8 | 3495 | 229.7 | 116.6 | 199.2 | 2694 | 200.5 @ 1285 | 1154
170.0 | 2423 | 3374 | 2358 | 2729 | 3548 | 108.6 | 210.1 | 270.6 | 200.5 @ 130.7 | 114.1
1721 | 255.1 | 307.0 | 313.1 | 3848 | 300.2 | 156.2 | 1764 | 2232 | 182.0 A 1265 | 1113
174.8 | 288.1 | 333.0 | 3383 | 3634 | 308.0 | 123.1 | 150.2 | 205.7 | 184.3 K 1283 | 115.1
175.7 199.1 | 337.2 | 3833 | 3154 | 147.1 | 1141 | 2705 | 1814 | 1280 | 136.1
178.5 169.6 303.3 194.7 | 1226 178.3 121.2

169.6 | 243.2 | 286.7 312.8 | 357.4 246.4 145.0 | 171.2 | 255.2  177.9 | 132.4 | 118.0

154.1* | 188.5% | 280.2 | 287.1 | 326.8 | 294.3 | 151.5 | 176.9 K 211.7 | 224.1  146.3* | 117.2*
66.0 | 21.4 | 1009 1444 184.8 88.7 | 824 | 106.7 | 1184 | 64.3 A 1185  79.5
178.5 | 288.1 | 337.4 | 376.8 | 389.9 | 398.8 | 236.6 @ 265.1 312.0 | 300.7 | 176.9 | 136.4

* Data could be influenced by snow accumulation over the sensor that leads an underestimation of solar radiation fluxes.
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3.2 PAKISTAN

AWS Askole

TECHNICAL SHEET

Coordinates:
Latitude: 35°40° 50" N
Longitude: 75° 48’ 55" E
Elevation:3.015m a.s.l

Installation Time:

October 2005
Data Availability:
From October 7%, 2002
VARIABLE RANGE ACCURACY RECORDING  HEIGHT MANUFACTURER
RATE
LSI-Lastem
Data Logger 2m Babuc ABC
Air Temperature -30-+70°C +0.1°C (0°C) 60 min. 2m LSIl-Lastem DMA572
Relative .
e 0-100 % 1,5% 60 . 2 -
Humidity ° (5+95%,023°C) min m LSI-Lastem DMA572
Atmospheric Pressure 500 - 800 hPa ThPa 60 min. 2m LSIl-Lastem CX115P

(1 hPa=1 mBar)

0-1 mm/min: 1%
Rain 180 mm/hr 1-3 mm/min: 2% 60 min. 1.5m LSI-Lastem DQAO035
Precipitation 3-5 mm/min: 4%
5-10 mm/min: 8%

. For speed: For speed: )
Wind Speed 0-60 m/s 0,1 m/s+1%VL 60 min. 5m LSI-Lastern DNA022
and Direction For direction: For direction:
0-=360 1% FS (Full scale)
Global Solar Radiation 0-2000 60 min. 2m Kipp & Zonen CM6B

pyranometer
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WIND DIRECTION (prevailing sector)
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AWS Urdukas

TECHNICAL SHEET

Coordinates:
Latitude: 35°43"41” N
Longitude: 76° 17’ 10" E
Elevation:3.926 m a.s.|

Installation Time:
June 2004

Data Availability:

From June 17, 2004

VARIABLE RANGE ACCURACY RECORDING  HEIGHT MANUFACTURER
RATE
LSI-Lastem
AWS Data Logger 2m E-Log
Air Temperature -30-+70°C +0.001°C 60 min. 2m LSI-Lastem DMA570
ﬁ:::;é‘i’fy 0-100 % +1% 60 min. 2m LSI-Lastem DMA570
Atmospheric Pressure 500 - 800 hPa 1hPa 60 min. 2m LSI-Lastem CX115P
(1 hPa=1 mBar)
0-1 mm/min: 1%
Rain 180 mm/hr 1-3 mm/min: 2% 60 min. 1.5m LSI-Lastem DQAO35
Precipitation 3-5 mm/min: 4%
5-10 mm/min: 8%
. For speed: For speed:
Wind Speed 0-60 m/s 0,1 m/s+1%VL ,
and Direction For direction: For direction: 60 min. 5m LSI-Lastem DNA022
0+ 360 1% FS (Full scale)
CNR1 Data Logger LSI-Lastem E-Log
Solar Radiations
CNR1 sensor: Pyranometer: +10% Kipp & Zonen CM3*
(four components 0to25mV on daily totals pyranometer
combined - - 60 min. 2m -
sensor+internal Pyrgeometer: non linearity: Kipp & Zonen CG3
temperature +5mV <1% pyrgeometer
with PT100)*
Snow level O0to8m 0,1 % (FS) 60 min. 2m Sommer USH-8

Note: The parameters recorded by the AWS DATA logger (air temperature, relative humidity, atmospheric pressure, rain precipitation and wind observations)

are not available for 2012 year.
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MEAN -1:3-4

* Data could be influenced by snow accumulation over the sensor that leads an underestimation of solar radiation fluxes.
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AWS Concordia

Coordinates:

TECHNICAL SHEET

Latitude: 35°44’38.98” N
Longitude: 76°30" 49.71"E

Elevation: 4.700 m a.s.|

Installation Time:

July 2011
Data Availability:
From January 17 2012
VARIABLE RANGE ACCURACY RECORDING  HEIGHT MANUFACTURER
RATE
LSI-Lastem
Data Logger 2m E-Log
Air Temperature -30-+70°C +0.001°C 60 min. 2m LSI-Lastem DMA570
|'||‘:I!:it:|‘i,tey 0-100 % +1% 60 min. 2m LSI-Lastem DMAS570
0-1 mm/min: 1%
Rain 180 mm/hr 1-3 mm/min: 2% 60 min. 1.5m LSI-Lastem DQAO035
Precipitation 3-5 mm/min: 4%
5-10 mm/min: 8%
) For speed: For speed: ]
Wind Speed 0-60 m/s 0,1 m/s+1%VL 60 min. 5m LSI-Lastem DNA022
and Direction For direction: For direction:
0-=360 1% FS (Full scale)
Data Logger LSI-Lastem E -Log
Solar Radiations
CNR1 sensor: Pyranometer: +10% Kipp & Zonen CM3*
(four components 0to25mV on daily totals 60 min. 2m pyranometer
combined - - -
sensor+internal Pyrgeometer: non linearity: Kipp & Zonen CG3
temperature +5mV <1% pyrgeometer
with PT100)*
Snow level 0to8m 0,1 % (FS) 60 min. Sommer USH-8
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3.1.3ITALY
AWS Bianco - Osram

TECHNICAL SHEET

Coordinates:
Latitude: 45° 50’ 50” N
Longitude: 06° 55’ 58" E
Elevation: 3.430 m a.s.|

Installation Time:
December 2007

Data Availability:
From December 17, 2007

VARIABLE RANGE ACCURACY RECORDING HEIGHT MANUFACTURER
RATE
LSI-Lastem
Data Logger 1.5m E-Log (5)
Air Temperature -30-+70°C +0.001°C 60 min. 3m LSI-Lastem DMA572 (1)
F'I‘:";‘fé‘l’fy 0-100% +1% 60 min. 3m | LSH.astem DMA572(1)
Air Pressure 400 - 800 hPa +10hPa 60 min. 1.5 m LSH.astem DQA223 (5)
or mBar (inside the
logger box)
Solar Radiations 0.3-3pum +5% of the value 60 min. 35m Kipp and Zonen
CNR-1 (4)
Infrared Radiation 5-50 um +5% of the value 60 min. 35m Kipp and Zonen
CNR-1 (4)
Snow level 0to100m +2cm 60 min. 3.5m LSIl-Lastem (2)
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AWS Dosde-Levissima

TECHNICAL SHEET
Coordinates:
Latitude: 46°23’33.944” N
Longitude: 10°13'3.359”E
Elevation: 2.850 m a.s.|

Installation Time:
August 2007

Data Availability:
From August 20, 2007

VARIABLE ACCURACY RECORDING

RATE

HEIGHT MANUFACTURER

LSI-Lastem
Data Logger 1.5m E-Log (4)

Air Temperature -30-+70°C +0.1°C 60 min. 3m LSI-Lastem DMA572 (2)

Air Pressure 400 - 800 hPa +10hPa 60 min. 1.5 m LSI-Lastem
or mBar (inside the DQA240#S (4)
logger box)
Solar Radiations 0.3-3um +5% of the value 60 min. 35m Kipp and Zonen
CNR-1(2)
Infrared Radiation 5-50 um +5% of the value 60 min. 35m Kipp and Zonen

CNR-1(2)
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AWS1 Forni

TECHNICAL SHEET

Coordinates:

Installation Time:
September 2005

Data Availability:

Latitude: 46° 23’ 56.0” N
Longitude: 10°35'25.2" E
Elevation: 2.669 m a.s.|

From September 26, 2005

VARIABLE RANGE ACCURACY RECORDING  HEIGHT MANUFACTURER
RATE
LSI-Lastem Babuc
Data Logger 1.5m ABC (7)
Air Temperature -30-+70°C +0.001°C 30 min. 26m LSI-Lastem DMA570 (5)
Relative Humidity 0-100% +1% 30 min 26m LSI-Lastem DMA570 (5)
Air Pressure 400 - 800 hPa +10hPa 60 min. 1.5 m LSI-Lastem DQA223 (7)
or mBar (inside the
logger box)
Solar Radiations 0.3-3um +5% of the value 30 min. 3.17m Kipp and Zonen
CNR-1(3)
Infrared Radiation 5-50 um +5% of the value 30 min. 3.17m Kipp and Zonen
CNR-1 (3)
Sonic Ranger
Snow level 0-1000 cm +2cm 60 min. 317m Campbell SR50 (4)
LSH.astem DQA035 (2)
Liquid precipitation 0-1000 mm +1mm 30 min. 1.5m
LSI-Lastem DNA022 (1)
Wind Speed 0-50ms! +1% 60 min. 5m
LSI-Lastem DNA022 (1)
Wind Direction 0°-360° +1° 60 min. 5m
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Note: “var”is indicated when it is not possible identify a unique wind prevailing direction in the considered period.
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3.3 UGANDA
AWS Rwenzori

TECHNICAL SHEET

Coordinates:
Latitude: 0° 22’ 34.55” N
Longitude: 29°52°43.24” E
Elevation: 4.750 m a.s.|

Installation Time:
July 2006

Data Availability:
From July 2006 to June 2009

VARIABLE RANGE ACCURACY RECORDING HEIGHT MANUFACTURER
RATE ON POLE
Data Logger 2m LSI-Lastem BABUC
Air Temperature -30-+70°C +0.1°C (0°C) 60 min. 2m LSI-Lastem DMA572
I_'I‘:":Ité‘l’fy 0-100% 1,5% (5+95%, 23°C) 60 min. 2m LSI-Lastem DMA572
Atmospheric Pressure 800 - 1100 hPa +1hPa 60 min. 2m LSI-Lastem CX115P
(1 hPa=1 mBar)
Rain Precipitation Max 10 mm/min 1+10mm/min: £1% 60 min. 1.5m LSI-Lastem DQAO030
For speed: For speed:
Wind Speed 0-60 m/s 0,1 m/s+1%VL 60 min. 5m LSI-Lastem DNA022
and Direction For direction: For direction:
0-+360 1% FS (Full scale)
Kipp & Zonen CM3
Global Solar Radiation <2000 W/m? 60 min. 2m pyranometer and
CG3 pyrgeometer

At Rwenzori, measurement activity was carried out from 2006 to 2009. On 2013, January the AWS was
reactivated with an improved experiemental set-up. Thus no data are available for year 2012.







3.2 ATMOSPHERIC COMPOSITION (OZONE AND BLACK CARBON) DATA
3.2.1 NEPAL

NCO-P

Coordinates:
Latitude: 27°57’N
Longitude: 86° 48’ E
Elevation: 5.7079 m a.s.|

Installation Time:
February 2006

Data Availability:
From March 1%, 2006

VARIABLE ACCURACY

RECORDING SAMPLING
RATE HEIGHT
DEPTH

MANUFACTURER

Minimum

Black carbon detection limit Better than 2% 1 min. 3m Thermo Scientific
(30-min): MAAP 5012
11 ngm?3
Ozone 0-200 ppm + 2 ppbin the range 1 min. 3m Thermo Scientific

0-100 ppb Tei49C/ Tei19i
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3.2.2ITALY
O. VITTORI

......

TECHNICAL SHEET

Coordinates:
Latitude: 44° 12’ N
Longitude: 10°42'E
Elevation: 2.165 m a.s.|

Installation Time:
January 1996

Data Availability:
From january 1%, 1996

Minimum
detection limit Better than 2% 1 min. 8m Thermo Scientific
(30-min): MAAP 5012

13ngm?

Black carbon

Ozone 0-200 ppm + 2 ppbin the range 1 min. 7m Dasibi 1108
0-100 ppb
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PORTELLA CLIMATE OBSERVATORY

TECHNICAL SHEET

Coordinates:

Elevation: 2.401 m a.s.|

Installation Time:
July 5, 2012

Data Availability:
July 19, 2012

Latitude: 42° 26’ 52.96” N
Longitude: 13°33'02.41"E

VARIABLE

1.0 ppb
to 250 ppm

ACCURACY

Greater of 1.0 ppb or
2% of reading

RECORDING SAMPLING MANUFACTURER

RATE HEIGHT
DEPTH

4m

2B Technologies
(Model 205
Dual Beam)
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3.2.3BOLIVIA
CHACALTAYA OBSERVATORY

TECHNICAL SHEET

Coordinates:
Latitude: 16°21'N
Longitude: 68° 08" W
Elevation: 5240 m a.s.!

Installation Time:
November, 2011

Data Availability:
From April 10*, 2012

VARIABLE ACCURACY RECORDING SAMPLING MANUFACTURER
RATE HEIGHT
DEPTH

+ 2 ppb in the range 8m Thermo Scientific
0-100 ppb Tei49i
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