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Abstract The Daocheng site is one of the three candidate sites for angelOptical/infrared Telescope
(LOT) of China. It was discovered by Yunnan Observatoriesrduthe survey of potential sites for the
next-generation large-aperture solar telescopes of Chima paper describes the overview of the site, the
observation platform and the monitor instrument. In additsimple statistical results are presented (from
November, 2016 up to December, 2017). Detailed data resattsefer to the overview of LOT site testing
and data analysis articles, which were published during#nee period.
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1 INTRODUCTION In 2016, a site selection project for the LOT (Cui &
Zhu 2016) was launched by the Center for Astronomical
The atmosphere turbulence reduces the image quality angdega-Science of the Chinese Academy of Sciences
resolution ratio of ground-based optical telescopes @Frie(CAMS-CAS). Based on a dataset accumulated during re-
1966; Roddier et al. 1982). Therefore, selecting astronommote and local surveys, the short candidate list for LOT
ical sites with stable atmosphere turbulence and good se@ras narrowed down to Ali, Daocheng, and Muztagh-ata.
ing is extremely important to maximize the full capacity of All three are located in western plateaus, and all are over
telescopes. 4200 m above sea level. Three teams were assigned to
In the early 2000s, Chinese scientists focusing on agnonitor the meteorological and atmospheric parameters
trophysics society came to a consensus to survey sites at the three candidate sites. The site survey group of the
the western area of China prior to the development of theiYunnan Observatories is in charge of the monitoring sta-
future large-aperture telescopes (Fang 2011). Ali, Omdjons at Daocheng site.
and Karasu are promising candidate sites that were discov- Since October 2011, the group has been measuring and
ered by the Site Survey Team of the National Astronomicatollecting a series of site parameters in the Daocheng site
Observatories during their survey which started in 2003egion (Liu et al. 2012a, 2016; Wu et al. 2016; Song et al.
(Liu etal. 2010; Liu et al. 2012b). Daocheng and Namucu®019). During2014 — 2015, the fixed-point monitoring sta-
lake were selected by Yunnan Observatories during thetions of No. 1 and 2 at Mt. Wumingshan (one mountain at
parallel solar site survey which started in 2011 (Liu et al.the Daocheng site) have been set up in succession, and con-
2012a, 2016; Song et al. 2018; Li et al. 2017). All of thesetinuous on-site measurement has been started. In October
efforts have dramatically promoted the astronomical site2016, the site testing campaign for LOT was officially s-

survey in China. tarted at Mt. Wumingshan (Mt. WMS).
In the current article, we present the overview of the
* Corresponding author Daocheng site and give a brief description of the result of

** Corresponding author the campaign. An overall depict of the site and the site-
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monitor instruments will be provided in the following two to West. This electricity supply will be very convenient in
sections. In Section 4 universal meteorological messagéhe future (Li et al. 2017).

temperature, wind speed and also wind direction are pre- ¢ facilitate the monitoring of the conditions of the site

sented. Section 5 presents the statistics of the atmosphejsyameters at Mt. WMS, two monitor stations were built
ic optical parameters with the Differential Image Motion for the site testing. Figure 4 shows No. 1 monitor station,
Monitor (DIMM). Section 6 will illustrate a summary and gpq Figure 5 presents No. 2.

will give final comments. The detailed data results can re-

. . . . The straight-line distance between the two monitor s-
fer to the overview of LOT site testing and data analysis_ . . . .
. . . . . tations is 7 km. Each observation station has set up a mon-
articles, which were published during the same period.

itoring platform, and the monitoring instrument is install

on the platform. The power supply of the equipment s pro-

2 GENERAL SITE DESCRIPTION vided by the solar power system. To avert turbulent flow
at layer of the surface border, the elevation of monitoring

Daocheng site (Mt. WMS, longitude00°05’E, latitude  platforms is set as 5 m for No. 1 monitoring platform and

29°08’ N) is located in the Grand Shangri-La area of south-7 5 m for No. 2 monitoring platform.

west C_Zhina, more specifically, beMeen Daocheng Co_un_ty For each monitor platform, except for the atmosphere

and Xiangcheng County, as shown in the yellow pushpin "Nurbulence monitoring equipment, an automatic weather s-

Flg?reftlh' T:'S arsa 'S I:/Glzgar(tjgd as adp;]rtu;ular Conjuncn_?%tion is built to collect the ground level meteorological s
part ol the fengduan hountains, and the tamous magnilleyy;qyies. Meanwhile, an all-sky camera is devised to récor

cent Shangrl-La (s_outheaste_rn part (_)f the Tibetan Pla,teaL%e images of the cloud statistics and to evaluate the light
thus becoming China’s special location. It has been selec

: . . i Eollution.
ed as one of the most potential regions for hosting China’
next-generation ground-based large telescopes. The high-
est altitude at Daocheng site is more than 5000 meters.
However, its unique topographic, geological and geograpr'r?* MONITORING INSTRUMENTS
ical characters are suitable for the settling of large tele-
scope clusters. The mountain area is a flat high platead, IS 9enerally understood that statistically credibleista
rarely found in the west of China. There is a thin layer ofticS Of On site features are obtained during routine obser-
highland grass on the mountain surface, which can greatlytions over a long time period (not less than two to three
reduce the dust on the ground. Figure 2 shows a local coy£2rs). The best solution for the assignment is to install an
figuration as the typical topographic feature for Mt. WMS automated monitoring platform without the intervention of
(Wu et al. 2016). regular observers.

The operation of a low-cost logistic network, excellent A set of automated instrumentation and software have
geographical and climatic features (e.g. low cost of operbeen developed for the accumulation of data such as see-
ation, high relative evaluation and good atmosphere corind, meteorological parameters, cloud data, etc. A total of
ditions), are provided at this site. The overall elevatién o nearly 20 monitoring devices were installed at Stations 1
Mt. WMS region is as large as about 2000 m. There aré@nd 2, as shown partly in Table 1. Some of them can work
a number of villages and towns nearby with altitudes ofin the daytime to measure the astronomical factors related
2800 — 3800 m within one hour’s drive from the monitor- to the solar observation, such as the seeing, the atmospher-
ing stations, which is helpful for building one low-altited i€ integral water vapor, the sky brightness. The others are
transit station convenient for material storage, persbnndlight instruments for night seeing measurements and cal-
accommodation and other supporting facilities for the obibrations. Seven devices are used for continuous monitor-
servation equipment. Figure 3 gives a relief map of the suring of meteorological and atmospheric parameters, such as
rounding areas of Mt. WMS. It can be seen that the altitudd@ight sky brightness, dust particle density, 24-hour cloud
drop of surrounding areas to Mt. WMS is relatively large. cover, low-layer atmospheric turbulence, regular meteoro

Daocheng County has convenient transportation corjogical parameters. Figure 6 shows the main monitoring in-
ditions and it has been connected directly with several maStruments, which are set on a few pillars on the top ground
jor cities by the national highways and provincial high-Of the No. 2 station building. Some of the same types of
ways. From the Aden Daocheng Airport, there are direcflevices can run simultaneously at the two monitoring sta-
routine flight lines available to connect it with famous c- tions for the purpose of comparison.
ities, such as Chengdu, ChonggqifXj;an and Hangzhou, For the LOT's site testing campaign, the main de-
etc. There are several high-voltage electrical transomissi vices are DIMM, Sky Quality-Meter, All-sky Camera,
lines along the road winding through Mt. WMS from eastMeteorological Station, etc.
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Google Earth

Fig.1 Approximate location map of Mt. WMS. Theellow pushpirin the figure shows the location of Mt. WMS on Google Earth.

Fig.2 Alocal configuration as the typical topographic featureNir WMS with an altitude of 4800 m.

Table1 Main Instruments Deployed at the Monitoring Stations

Instrument

Measurement/Mode

DIMM (Differential Image Motion Monitor)
S-DIMM (Solar Differential Image Motion Monitor)
All-sky Camera

Multi-Wavelength Solar Photometer
Micor-T Tower

Water Vapor Monitor

Sky Quality-Meter

Cloud Sensor

Dust Particle Counter

Meteorological Station

Lunar Scintillometer (LuSci)

= zZ
RPBoo~oonrwNnE- g

night-time seeg/semi-auto
day-tienseeing/semi-auto
cloud cover/auto
day-time PWVC, aerostex/auto
CZ/semi-auto
day-time PWVC/semi-auto
night sky brightness/auto
cloud condition/auto
particle counting/auto, night time
meteorological/auto
night-timé€'2 (h)/semi-auto

3.1 DIMM
2007).

The DIMM is designed for night-time seeing measuremen-

1987; Sarazin & Roddier 1990; Tokovinin & Kornilov

For the comparison testing, we used two DIMMs with

t, which uses a single telescope with two apertures (ondifferent telescope aperture. The first of them is named
aperture is fitted with an optical wedge prism) to separatas NIAOT-DIMM, which designed by Nanjing Institute
two images of the same star on the camera. The Fried paf Astronomical Optics& Technology (NIAOT). The

rameter (seeing) can be obtained by measuring the correlAOT-DIMM consists of a 200mm-diameter Ritchey-
lation of motion between these two star images (MartinChrtien telescope (GSO-8-RC), a motorized equatorial



85-4 T.-F. Song et al.General Introduction of the Daocheng Site

% \ 4 ‘3‘.U N

Mt. WMS

Altitude
BERE
| R
I 2600 ~ 3500 M
¥ | 3500 ~ 4000 M

I w00~ 00w 0 510 20

B 00 - 5900 w

Fig.3 Relief map of Mt. WMS and its surrounding areas.

Fig.4 Mt. WMS monitoring station No. 1.

mount (AP-1200), an aperture mask involving two sub-by the CAMS-CAS (seen No. 4 of Fig. 6). The F-DIMM
apertures (the distance between of the two sub-aperturesirsstrumental parameters are summarized in Table 2. This
140 mm, and the diameter of sub-apertures is 50 mm) andia automatic monitoring equipment that does not require
CCD camera (Basler 1240). As shown in No. 3 of Figure 6 manual intervention.
the NIAOT-DIMM can automatically measure and collec- We have performed cross-calibration tests for both
t time series of data, but we need to manually start theiD|MMs. For each F-DIMM comparison, tests were con-
systems. ducted at the Xinglong Observatory for a week before be-
The second is French DIMM (F-DIMM), which was ing assigned to each site. Figure 7 is a statistical plotef th
purchased from the French ALCOR SYSTEM companyresults of our comparative tests. The error between the two
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Fig.6 Part of the site monitoring instruments on station 2. (1)a8@lIMM, (2) Multi-Wavelength Solar Photometer, (3) NIAOT
DIMM, (4) French-DIMM, (5) Sky Quality-Meter.

Table 2 Technical Specifications and Parameters of F-DIMM 3.2 Sky Quality-Meter

Telescope . . .
Model GS0,12" RC The instrument that we use at Mt. WMS is a Unihedron
Aperture 304.8 mm Sky Quality Meter (U-SQM), a device for measuring night
Focal length 3048 mm . L

sky brightness parameters, which is regarded as a low cost
mggglt GM 200 anq pocke.t -scalle night sky brightness photometer, with the
mask main specifications of the U-SQM as follows:
diameter D=50 mm
separation d=220 mm
CC(EjJ| 1. The Half Width Half Maximum (HWHM) and ful-
Mode DMK 33GX174 : - : o o
Exposure time <10 ms | Width ﬂalf Maximum (.F-WHM) is~ 1-0 and~ 20°,
Pixel size 5.861mx5.86um respectively. The sensitivity to a point souree19°
][“Uf“bef of i_magef used 1000 off-axis is a factor of 10 lower than on-axis. When
Or one seeing aata . . ° . .
calculated wavelength 500 nm point light source~ 20° and~ 40° are off axis, their

brightness is 3.0 and 5.0 magnitudes fainter.
2. Operates from 5 VDC adapter, Ethernet connectivity.
sets of DIMMs is less than 0.02arcsec, which meets our3. The largest and the least light sampling time is 80s

requirements. The seeing data in this paper are based on and 1s, respectively.
NIAOT-DIMM. 4. If specifications vary, they will not be further noticed.
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Fig. 7 Histogram and cumulative distribution of comparativegegtMt. WMS.

3.3 All-sky Camera and Maintenance Group, and the Management Group (Li
) ) ~etal. 2017; Liu et al. 2018). Each department should com-
The all-sky camera (ASCA) images the sky in real timep|ate the three main tasks, that is, monitoring and data pre-

by a camera and this0® fish-eye lens. By analyzing the qcessing, operation and maintenance, and process man-
sky images, the changes in the amount of cloud can b&gement as shown in Figure 8.

obtained. The all-sky camera adopts the camera of Canon 14 monitoring group are in charge of the operation of

60D and Sigma-4.5mm fish-eye lens. When a USB cablg,g o monitoring stations on Mt. WMS and the branch

is connected to the computer, a sky image will be automaty, the downtown in Daocheng. We have two databases,
ically captured every 5 minutes. Figure 9 shows the samplg g s placed in the Yunnan Observatories of the Chinese
image shoot by the ASCA. Academy of Sciences in Kunming and the other is placed
in CAMS-CAS in Beijing. The Database Group completes
the warehousing, database and backup tasks. The data ser-

Each site station is installed with a Huayun CAWS—(SOOViCeS are mainly used by the internal departments, espe-
cially for the Data Analysis Group to provide download-

automatic weather station. This device is fully automat-

ed and it provides six-element meteorological data (wind'"9 services for real-time and historical monitoring data.

direction, wind-speed temperature, pressure, humidity, a The D_?ta Analysis Grqup shoulders the task of obta_ining
rainfall) for constant monitoring. The weather station atSC'_entIfIC resegrch achievements. Th_e d_e velopment,mstal
No. 1 site is installed on a 10-meter-high weather masl.J.at'on and maintenance of each mqr_utorlng equmept and
The weather station at No. 2 site is installed on a 22—metert—he servo system are the responsibility of the Operation and

high tower. The weather station automatically collects thé\/lamtenance Group. The Management Group is responsi-

weather data every minute and saves it in real time. Remo le for the overall construction and management of the site

data sharing can be achieved through the GPRS network>UrVeY data flow.

5 METEOROLOGY OF THE DAOCHENG SITE

3.4 Weather Station

4 WORKING FLOW OF THE MONITORING
TASK 5.1 Clear Night Sky

To effectively fulfill the hard site survey work on Daocheng The number of clear nights is an important parameter for
site, the site survey team was divided into five departevaluating the quality of astronomical observations at a
ments according to their duties: the Monitoring Group, thesite. The clear night sky measured by the ASCA. The sky
Database Group, the Data Analysis Group, the Operatioimages were selected according to the local twilight. As
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Flowsheet of Monitoring at Mt. WMS

Administration

Observation Planning and
. management Macro and micro
WMS Stations = Daocheng & management
Backp
Database
Temperary DB == Master DB Logs and reports
Technical Support = | / 1 1
Quality contorl \ Backup Backup
R&D Data Analysis

Feedback

Observational and
Statistical studies

Research, Development,
Manintenace

&

Fig.8 Working flow of the monitoring task.

Figure 10. The ratio of clear nights is 53.7% (More detailed
data analysis can refer to the data analysis papers). A max-
imum clear sky season for Daocheng site is from October
to March of next year, with about 85% of possible clear
time.

5.2 Temperature

Temperature data were measured by the automated weath-
er station (AWS). The median value on clear nights is about
—2°C, which is much more representative for the high-
altitude observatories, and the low temperatures redece th
typical precipitable of atmospheric water vapour. The year
ly average temperature at Daocheng site is abadC.

In Figure 11, we show the average day-time and night-
time temperatures for several months. For reference, the
1st and 3rd quartile (Q1, Q3) of the distribution of each

Fig.9 Example of an all-sky camera frame. Timterior circle ~ month are plotted.
(0° to 45°) and theexterior circle(44.7° to 60°). Local turbulence near the ground largely depends on

the temperature contrast between day-time and night-time.

shown in Figure 9, through to the bright stars scaling, they, Daocheng site, the temperature difference (from one

image is divided into inside and outside two laps, the zenitl, \ pefore to one hour after sunset) is small and amounts
angle is44.7° and65°, respectively. Finally, cloud volume 4 ~1y5,t—9.1°C.

is divided into four stages by visual interpretation:

1.

2.

. Inner: Clouds are visible in the interior circle, but not

. Cloudy: Over 50% of opaque clouds are within the tar

Clear: There are no clouds in the target part, ignoring-3 Ground Wind
clouds outside the target part.

Outer: Clouds are visible in the exterior circle, but not
in the interior circle.

Ground wind data were also measured by AWS. This is
a very important parameter for the astronomical observa-
tion. The direction and strength have a great influence on
near-surface turbulence. From the AWS, there will be one
‘wind parameter measurement for every one minute. The
measurement is 24 hours, non-stop. The monthly median
values of wind-speed are shown in Figure 12. It is worth

The seasonal tendencies (with excellent winter monthnoting that the wind is relatively stable at night all year

in the exterior circle.

get part.

s) are much more prominent at Daocheng site as shown imund.
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speed in each month (from 2016 up

Sep Nov
The optical turbulence (seeing) data was measured with

The dominant wind-direction of the site is southwest.DIMM. By the LOT preparatory team'’s requirement, con-

directions are associated with the massive relief progerti
The wind rose of the wind is shown in Figure 14. Thetinuous seeing monitor began from 2016 November 1. The

Sep Nov Jan Mar May Jul

Jan Mar May Jul
speed is appropriately 5.0 &
the day-time and 4.9 n38 at night-time. At the same time,

Figure 13 shows the statistics of wind-speed, wheresampling frequency and sampling period of wind-direction

the red line is day-time and blue line is night-time. Theis the same with wind-speed. Obviously, preferred wind-

Less than 1% of situations the wind-speed is stronger thap OPTICAL TURBULENCE MEASUREMENT

16mst.

Fig.12 The evolution of median night-timélue diamonyl and daytime red filled circleg wind
to 2017).Dashed linedrack the Q1 llack) and Q3 fnagenta of the distributions in each month.

median value of wind
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Fig. 13 Histogram and cumulative distribution of wind-speed at WiMS. Thered dashed lingepresents the day-time statistics and
theblue linerepresents the night-time statistics.
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Fig. 14 Daocheng site wind-rose measured at 10 m above ground.

DIMM that we used outputs one seeing measurement ev-
ery minute.

The seeing data acquired during the time from
November 2016 to December 2017 are demonstratet
in Figures 15-17. Most of them were collected by the

NIAOT-DIMM.

Figure 15 shows the boxplot for each night against its

acquisition date. Each box represents values in the range
of Q1 to Q3, the red line represents the median value,

d the dashed line represents the maximum observed on
at day. Figure 16 shows the histogram of cumulative fre-

quency and seeing values (the median value of seeing is
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Fig. 15 Boxplot for each night against its acquisition date. Eachiepresents values in the range of Q1 to Q3 rétklinerepresents
the median value, and tlmshed linegepresents the maximum observed on that day. (a) is the nesasot results from November
2016 to May 2017, and (b) is the measurement results from20e to December 2017.
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Fig. 16 Statistical distribution of the seeing at Daocheng sitenfbfovember 2016 to December 2017.

about 0.93 arcsec). Figure 17 demonstrates the boxplot ¢fie monitoring data, and also provide efficient operation,
14 months of measurements. It can be seen that the seeinmintenance and logistics for monitoring. The mission of
at Daocheng site is very stable. the fixed- point monitoring is to carry out the work with
quality and quantity assured. In addition, the data securit

is ensured and the equipment and personnel are provided
with reliable technical support and logistical supplieseT
With the joint efforts of various departments, the moni-Valuable experiences accumulated, as well as the cohesive

toring stations at the Daocheng site have been collectingooperation between the nuclei and extensive teams, have
various site data successfully since their operation a feypid a solid foundation for further construction and devel-
years ago. The high-quality and continuity of the collect-opment of the astronomical observations at Daocheng site.
ed data provide a scientific, objective and quantitative bal he effectiveness of the developed is verified by the basic
sis for the comprehensive evaluation of Daocheng site asdte characteristics.

candidate site for day and night astronomical observation- The current statistic results are based on only two
s. Multiple departments in the fixed-point monitoring teamyears of observation data. It is generally acknowledged
have clear division of labor and they work together to perthat astroclimate parameters are influenced by long-term
form the collection, transmission, storage and analysis ofycles and tendencies. So continued monitoring and more

7 CONCLUSIONS
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Fig. 17 Monthly statistics of the seeing at Daocheng site form Ndwen2016 to December 2017. In terms of, the median, Q1, and Q3
values of seeing are presented. Each box represents valtresriange of Q1 to Q3, tired linerepresents the median value, and the
dashed linegepresents the maximum observed in that month.

extended site astronomical characterization (the akitud Fang, C. 2011, RAA (Research in Astronomy and Astrophysics)
wind-speed profile and turbulence profile) are very nec- 11, 1377
essary. For the subsequent monitoring, the measuremefried, D. L. 1966, Journal of the Optical Society of America
t of the layered atmosphere turbulencg?(h)) and the (1917-1983), 56, 1372
vertical profile of the wind speed will be strengthened. ALi, X. B., Liu, Y., Song, T..et al. 2017, Journal of Yunnan
measurement platform at No. 1 site has been built and a University, 39(S2), 180 (in Chinese)
telescope with 50 cm diameter has also been installed. Thieu, Z., Beckers, J. M., 2001, Solar Phys. 198, 197
measurement of the layered atmosphere turbulence will bkiu, L.-Y., Yao, Y.-Q., Wang, Y.-P., et al. 2010, RAA (Resehr
achieved in the near future. in Astronomy and Astrophysics), 10, 1061
Liu, Y., Shen, Y. D., Zhang, X. F., & Liu, N. P. 2012a, Sol. Phys
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