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Current situation and progress of ground-based cloud measurement by instrument

(Submitted by Wei Li)

________________________________________________________________
Summary and purpose of document

This document presents the methods used for automatic observations of clouds.  It should serve as a base for a discussion on the recommendation of new standards.
________________________________________________________________
ACTION PROPOSED


The meeting is invited to consider the methods presented and agree on recommendations for new standards that should be further developed for inclusion in the CIMO Guide and presented for approval at CIMO-XV.
____________

Current Situation and Progress of

Ground-based Cloud Measurement by Instrument
Abstract:   A cloud is a visible aggregate of small droplets, ice crystals or the mixture of both floating in the atmosphere. It is a common and important weather phenomenon.  The observation of cloud is significant to the military activity, national economy and social services. Currently, cloud auto-observation has not been realized in the operation.  The instrument for measuring at a single spot has matured; however, the instrument for auto-observation of cloud amount and form is still at the stage of research.  The article summarizes the current status of surface cloud observation and points out the existing problems.  It analyzes the developing trend of surface cloud observation technique, and proposes the concept and basic thought for the criteria of cloud form classification by instrument.
Introduction


Cloud is the external display of the thermal and dynamic processes of the atmosphere; meanwhile, it is an important part in the cycling of water.  Clouds play an important role in the balance of ground-atmosphere radiation.  It has a great influence on the accurate forecasts of precipitation, sunshine, and temperature.  As for the importance and complexity of cloud in the study of atmospheric sciences, it is classified as a special weather phenomenon in the specification for observation.  Cloud amount, cloud form and cloud base height are the three essential elements for observation.

In the elements specified for observation at the observatory stations, the observation of air pressure, air temperature and humidity, wind direction, speed, precipitation and ground temperature, etc. are automatic.  Visibility, evaporation, sunshine, snow depth, and other elements also have the corresponding observing instrument; the observation of cloud and weather phenomenon by instrument is being studied in China, particularly the cloud observation by instrument, still there is not an instrument totally applicable in operation internationally.
1.
Current situation of cloud observation in operation

In the current meteorological operation, cloud observation is mainly conducted through visual measurement.  In observing the cloud amount and form, it is inevitable for the observers to involve their subjective judgment; not to mention that the changing cloud can not make a complete, regular geometrical image, this will certainly bring difficulties for the observers to judge how much the cloud amount is.  For the observation of cloud form, the knowledge of cloud structure, transparency, generation principle and the evolution law will help the observers make correct judgment, but at night time when the vertical visibility is poor, the judgment will be hard.  At the same time, the observers are of different qualities, and their experience plays an important role in their judgment, so the comparability, consistency of the results is less persuasive.  The visual measurement of the cloud base height is made by empirical judgment, sometimes with the combination of balloon detection, but both have big errors.  As for laser ceilometer and ceiling light, they can only measure one spot at once, so the representativeness of the measured value is to be doubted.  Also the laser ceilometer gets the cloud height by measuring the laser echo from the cloud backscatter.  The result is closely related to the strength of the echo.  So for the thin cloud, there will be error; error will also be existed for measuring the mid- and high cloud.

From the analyses we can see there are two reasons hindering the auto-observation of cloud: one is that it is hard to realize the observation of all cloud elements by only one kind of instrument; the other is that it is difficult for the environmental adaptation of the instrument.  In different environment, the consistency and accuracy of the observing result does not go in line.

2.
Current situation of the cloud measurement by instrument in China and abroad
2.1
Current situation on the technology of measuring the cloud height

Presently, people use rising balloon, ceiling light and laser ceilometer for measuring the cloud base height, each has its characteristics.

Rising balloon with known speed can tell us the time from releasing to its ambiguous moment; hence we get the cloud base height.  Its shortcomings are that it can only be applied in stratiform cloud; in other cloud conditions, we can not get the cloud base height for the balloon can not go through the cloud or it goes through the side of the cloud; the time for observing is long and the performance is complicated; it can only get the cloud height at one spot; the rising speed of the cloud is not uniform; it needs the involvement of people, and can not be conducted automatically.

Measurement of cloud height by ceiling light: In this method, the angle of elevation of a patch of light formed on the cloud base by a vertically- (or tiltedly-) directed light is measured from a spot distance away from the light source to get the cloud base height.  The weaknesses of the method are: at the beginning stage it can only be applied to measure the cloud base height of the zenith; then, the rotating-beam ceiling light can get the cloud base height of different directions; but when measuring the cloud base height of some cloud (e.g. ice-crystal cloud), the location of the light patch is hard to determine, even impossible to see the light patch; this method only can be used at night; the measurement needs the involvement of people, and can not be conducted automatically.

In the laser ceilometer, the height of the cloud base is determined by measuring the time taken for a pulse (laser or arc light) of coherent light to travel from a transmitter to the cloud base and to return to a receiver.  Much research[2-5] have been done on this.  The main shortcomings are: the decay caused by vapor to the laser reduced the effective measuring height, for example, the measuring range is 2500m for the China-made K/LLX502A hand-held laser ceilometer, 7500m for CT25K of Vaisala; it can only get data of one (or several) spot (s).  It is beyond the capability to get data for whole sky cloud height.  Presently, instruments for whole sky scanning have been developed.

In recent years, laser radar[6-7], Millimeter Wave Cloud Radar (MMCR) [8], dual-station digital video technique, etc. have been applied in measuring the cloud height.
2.2
Current situation on technology measuring cloud amount and cloud distribution

2.2.1
Cloud measurement by whole band visible light
In this method, cameras are used to obtain the visible brightness distribution by taking pictures of the sky directly.  The brightness of the sky is reduced when cloud appears in view, hence the cloud and the clear sky is distinguished.  By using simulated cameras, Bradbury and Fujita[10] carried out the research on cloud observation, through which they indicated that the system could determine the height and movement of cloud base, and could be applied for verification of the cloud parameters retrieved from the satellite.  During the 70s to 80s in the last century, a whole sky imager, BS-794, was made in Baoshan, Shanghai. Over a decade ago, Gardiner from Europe fixed fish-eye lens in the camera for measuring cloud amount [11]；Yankee Environmental System (YES) from US developed TSI[12]（Total Sky Imager）which obtained continuous hemispherical images at daytime.  If the solar elevation angle is between 5 to 10 degrees, the cloud distribution can be retrieved.  The resolution rate for the new generation TSI880 is 352×288, with 24 pieces colored JPEG pictures.  The minimum sampling interval is 15 minutes; the operable temperature is between -40℃ and 44℃. In recent years, Hu Juan and others developed ground-based visible light imager system[13-15] .  The weaknesses for this system are that it can not obtain cloud data at night which hinders the continuous measurement of cloud amount; at daytime, due to the influence of the visibility, the precise measurement can not be guaranteed.

2.2.2
Cloud measurement by dual (multi- ) band visible light

In this method, two or more narrow visible light radiation is measured for determining if there is cloud in the sky, then to determine the cloud amount.  California University developed WSI[16-17]（Whole sky imager.  The early stage whole sky imager works in two narrow spectral bands centered at 650 nm and 450 nm with the width at 70nm respectively; later, a wave band of 800nm is added.  The whole sky imager classifies the cloud according to its texture and topology, but the data varies daily.  By corresponding neutral filter, WSI obtains images according to the sky condition such as the sun-moon position, the earth-moon distance, and the light condition (sunshine, moonlight and starlight), etc.  At daytime, WSI get images through wide band, red and blue filters.  For the given zenith angle, by applying the algorism, it compares the rate of the red and green images with the determined background clear sky to decide if the cloud exists.  At night, comparing the observed star field with the calculated stellar map to decide which bright stars are covered, and then identify cloud.  The weaknesses of this method are that the data of cloud base height is missed; meanwhile, observation at night is impossible.

2.2.3
Measuring cloud by infrared radiation


In this method, first we get the brightness temperature through measuring the intensity of infrared radiation; with the radiance, we get the true temperature of the cloud.  There are two ways in measuring cloud by infrared radiation: one is through unit instrument, the other is through area array instrument.

In the unit (single sensor or multi-sensor infrared radiator) cloud measuring instrument, for instance, Genkova developed an infrared cloud analyzer, ICA[18], which installed 7 sensors around a half-circle ring and divided the whole sky into 181 pixel to scan and obtain the whole sky infrared radiation.  But it takes a longer time for scanning, and the spatial resolution for the image element is low; both defy the accurate judgment for cloud amount.  For improving the spatial resolution, it (single sensor) needs to prolong the scanning time or install extra infrared sensors. Gaumet[20] measured the infrared radiation intensity by a radiation thermometer on a two-dimensional stand.  In order to improve the real-time performance, Gillotay and Besnard[19]  observed the sky by installing more sensors in the instrument; in China, supported by the National Natural Science Foundation of China, the Institute of Atmospheric Physics of Chinese Academy of Sciences developed the technology for measuring cloud amount with the unit infra-red instrument.


In the area array method, the infrared focal plane detector in application contains more image pixel (e.g. 320×240, and with high spatial resolution; only images of several sky domains can make a infrared radiation distribution map by mosaic, possessing the advantages of high time resolution as well as the day-night consistent measurement.  The instruments are still at the stage of experimentation, not for operation yet. J.A. Shaw from the University of Montana developed the Infrared Cloud Imager, ICI [21-24], which conducted the imaging detection with the 18°×13.5° field view uncooled infrared array camera, and obtained 320×240 area array of infrared radiation distribution for cloud identification.  The weaknesses of the present ICI lies in its lens: it is only 18°×13.5° which is unable to carry out the whole sky measurement, then can not get the total cloud amount. PLA University of Science and Technology studied on the area array cloud measurement. They got the whole sky INFRARED radiation distribution by the rotation of mosaic, and then retrieve the data of cloud family, cloud distribution. The main disadvantages of this kind of instruments are the time-drift for the INFRARED parts are bigger; for each measurement, calibration is needed; the influence of the environment also requires more protective measures. 
2.3
Current situation for ground-based cloud identification technology

The ground-based cloud form identification and classification is limited by the development of the instruments, few research has been done on it. Buch, et al. [25 conducted the cloud identification and classification for WSI cloud images, focusing on the features of the texture, data of the position and image pixel brightness. As for the texture analysis, they adopted LAWS for feature extraction. In the judgment of the 5 sky types, altocumulus cloud, cirrus cloud, stratus cloud, cloud, and clear sky, binary decision tree is used and the correct rate is 61%. Peura et al. [26] studied the whole sky imager of Vaisala and suggested the cloud identification, of the 10 genera, following the basic physical data in different domains.  The basic physical data include the clarity of the profile, the size, fibrillary and the margin status.  The correct rate is 65% applying K means clustering method. Singh and Glennen[27] carried out the study on the ground-based cloud identification and classification with the images captured by the digital camera.  They extracted over hundreds of cloud features by way of autocorrelation method, gray level co-occurrence matrix, and LAW energy method for the purpose of identifying the five sky types: cumulus, cu con, cumulonimbus, sky and other.  But when referring to the result, it is restricted to the discussion of the methods, the image and the image segmentation quality may impact the result of the classification.

3.
Consideration on the cloud form identification

The ideal classification of cloud type takes into account its geometrical shape, formation, development and the physical process of evolution, the physical macro- and micro- property, also the related synoptic systems, etc.  The morphological classification of the cloud was put forward by Bergeron in 1934 by studying cloud form, its height and the cause. He proposed the cumuliform cloud (vertical development of cloud clusters), stratiform cloud (horizontal development of an evenly distributed cloud band) and undulates (wavy cloud formed with the movement of the air). According to the characteristics of the updraft and the air cooling process, in 1952, Krichak proposed 6 types of clouds: regular upward cloud, diabatic cloud, thermal convective cloud, dynamic convective cloud, advective cloud, and subsiding cloud. The international practice for cloud classification was based on the methods by the French scientist, Lamarck and the English folk meteorologist, Howard. It divides the level of the cloud position into 4 families: high level cloud, mid-level cloud, low level cloud and cumulonimbus; in each family, 10 genera are distinguished by their shapes. Currently, the international practice of cloud classification combined the formation study and morphological study, which takes the shape (brightness, color, extension and size) as the basic factor, together considering the cause of its development and the interior micro-structure, it classifies the cloud into 29 varieties of 10 genera in 3 families with high, mid-, and low levels.


By the present methods in instrumental cloud classification, it is hard to identify all the 29 varieties of 10 genera in 3 families.  Currently, the elements and classification for cloud observation are defined by the convenience and operability for visual measurement of the observers. This does not apply to the instruments. The capability for instrument is limited. Meanwhile, cloud is changing and complex. Even for an experienced observer, to identify the 29 varieties of cloud in the specification is still a hard job. Thus, the premier for cloud classification is the principle adaptable to instrumental observation.


Cloud form identification with the images obtained by meteorological satellite considers its texture features, spatial structure, radiance; applying methods of threshold value, spatial correlation, clustering method, fuzzy logic, neural network, etc., of which cumulonimbus, stratocumulus, mid-, high level cloud, cirrus, and some significant types[30-37] are classified. From the current cloud data, it is unnecessary to classify cloud into 29 varieties of 10 genera in 3 families. With various methods for cloud measuring, such as meteorological radar, meteorological satellite (microwave, visible light, infrared), thunder-lightening detection, people have more knowledge about cloud and the observation does not rely on how many types of cloud we see on the surface.

We have noticed that in the international telegraphic code for weather report CL, CM, and CH stand for the sky status and feature[1]; among them, CL covers the four genera: Sc, St, Cu, Cb; CM represents Ac, As, Ns;  Sc cast and Sc lent also belongs to CM; CH includes Ci, Cc, and Cs. This can be understood as that cloud-sky is treated as a whole, and the typical, indicative telegraphic code can be used for the sky status and its features. To classify cloud images from the angles of feasibility and practicality, we consider setting up cloud classification criteria for instrument on the basis of this principle combining the requirement for cloud observation on morphology. At the same time, applying different methods for comprehensive identification, with data from radar, satellite, thunder-lightning, surface observation, sonde to reach the level that we can get the cloud classification criteria for the instrument with indicative significance for the weather.
4.
Summary


The above analyses suggest the cloud height measurement at a single spot is operable in business; the auto-observation technology of whole sky cloud amount, distribution has basically matured. But the whole sky cloud height measurement with auto-technology still needs further study; there are many difficulties for auto-identification of cloud form. Here, the auto-measurement of whole sky cloud height can be studied by means of single spot cloud height modification method; however, the cloud form auto-identification lacks criteria for instrumental classification, the classification precise for improvement is hard. There is an urgent need to establish criteria for instrumental cloud classification to promote the auto-observation of cloud.
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