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(Submitted by Wei Li)

________________________________________________________________
Summary and purpose of document

This document presents the methods used for cloud identification.  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.
____________

Preliminary Plan for Ground-based Whole Sky

Cloud Form Auto-identification Technology

1.
Aim and Significance for the Research

1.1
Analyses on the current situation home and abroad


The formation and evolution of cloud is one of the particular displays of the complex physical process in the atmosphere. The shape, distribution, quantity as well as its change reveals the movement of the atmosphere and possibly the indicator of the weather change. The auto-observation of all elements in quantity is of important significance for the security of flight and weather forecast. There are 3 ways to obtain cloud data: first is through visual measurement from the surface stations; then derivation from the satellite detected cloud radiation data; at last, from the auto-observation instrument on the ground.

Currently, the observation of cloud at the stations is mostly conducted through visual measurement. The classification of cloud type takes into account the physical process of its geometrical shape, formation, development and 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. This is the criteria used by surface observers. When the visibility is good enough, in most cases with the knowledge of cloud formation and its evolution law the observer can judge the cloud accurately according to its shape, structure, transparency; however, if it is at night or the vertical visibility is poor, the judgment will be hard. Human measurement of cloud is quite subjective; besides, the continuous movement and change of the cloud make it as incomplete, irregular geometric shape, and this brings more difficulties to the observers. 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. Hence, this is inconvenient for the data application in quantity.

After the 60s in the 20th century, with the development of satellite remote-sensing technology, weather satellite became important means for the observation of cloud. The instrument for cloud observation on the satellite includes Avhrr, Landsatmss and Modis. Cloud classification by the satellite images is different in specification from that in surface observation. There is not a unified principle or plan for this, and scholars have different views. For example, Bankert categorizes cloud into 4 types: low cloud, altostratus cloud, high cloud and precipitating cloud. Tian’s category has 5 types of clouds: stratus cloud, cumulus cloud, altostratus cloud, cirrus cloud and cirrostratus cloud. According to Yu Fan, there are 7 types of clouds: cumulonimbus cloud, thick cirrus cloud, thin cirrus cloud, middle cloud, low cloud, cumulus cloud and multi-layer cloud. The purpose for cloud classification is to indicate the relevant synoptic system. Though it has been years for identifying cloud form with satellite images, for the complexity of the cloud, it is still a hot and hard issue in the remote-sensing field to separate the cloud and the clear sky domain and to classify cloud in an accurate and simple way. In the process of cloud classification, two major features are counted: its spectrum and texture. The spectrum analysis mainly covers the methods including threshold analysis, histogram analysis and multi-spectral analysis which reveal the irradiative data of the cloud in its individual spectrum. The texture analysis identifies cloud through features of its spatial distribution. Presently, more researches have been conducted by studying the statistical distribution of gray cloud for identifying cloud form and breakthroughs have been made in the classification after decades of efforts, e.g. Miller and some made experiments on 9 kinds of cloud above the sea and land by means of BP neural network. The correct rate for the sample is 82%. Lee and others got the correct rate of 92% by BP neural network for auto-identification of the cloud form. In China, Wu Yongming, Yang Yue and some also carried out the research on auto-identification of the cloud form by satellite and had good achievement. However, as there is not a unified criterion for identifying cloud form by satellite image, it is not applied to operational business.

There are some weaknesses for satellite remote-sensing: poor spatial resolution, poor observation for cloud base and the low-level of the multi-layer cloud. The situation leads the ground-based auto-observatory instrument which observes cloud in quantity a long-term focus. The currently deployed ground-based remote-sensing instruments for cloud observation are digital camera, WSI,TSI ,ICI, MMCR, ceiling light, etc. But all the above-mentioned instruments can not get complete data of the cloud form. For instance, WSI and TSI obtain the whole sky image, and the observation of cloud amount and the cloud base have been improved; however, the auto-observation of cloud form is only at the beginning stage for them.  CALBÓ et. al. state in their study that in the assigned domain the identification of the 5 sky types, wavy cloud, stratiform, cumuliform, cirrus and clear sky may reach the correct rate of 76%. But the research only focuses on WSI and TSI, therefore the base for classification is not adequate. In addition, these are visible instruments with fish-eye lens. As the result, in the whole sky images the edge of the sky is distorted; also, it is hard to get the accurate images at night. As a whole, the application in operation is out of the question. Peura et. al. studied the images provided by the all sky imager of VAISALA, applying K means clustering method to distinct the 10 genera of cloud. The correct rate is only 65%. By using thermal infra-red technique, ICI can obtain consistent images both day and night; but the images are of part of sky without cloud identification. It’s not applicable in operation, either. One point to notice here is that with the development of the ground-based cloud observatory instruments, the observation of cloud amount, the height of cloud base can be conducted automatically. It’s a pity that there are still great difficulties for identifying cloud form. Though identification with the satellite images can be helpful, the satellite images are different from the ground-based cloud images; meanwhile satellite images are of poor resolution and it belongs to large scale observation. When classifying the cloud, it is performed one by one in small domains. This is not very significant for ground-based local images. As the ground-based cloud images have higher resolution with relatively smaller spatial ranges for the area, they are not informative in terms of cloud form. The related study is still at the exploring stage. WMO and scholars from a lot of countries have noticed this problem, because there is not a criterion for instrumental cloud form identification, this kind of instruments can not be applied in observatory stations for all elements observation.

2.
Main Contents

2.1
Contents

Aimed at the current situation that both in China and abroad there lacks criteria for cloud form classification with ground-based instruments, we adopted the technology which combined the theoretical analyses with experimental verification, and studied the criteria suitable for cloud classification with ground-based instruments, also established the corresponding relationship between the criteria for ground-based instrument and the conventional method; based on the study of the features for cloud texture and spectrum of the whole sky images, including some other data acquiring method, we determined the plan for auto-identification of the whole sky cloud form, and developed the cloud form identification system to lay the foundation for realizing auto-observation of all elements of cloud.

2.1.1
Comparison study on cloud data obtained from different ground-based instruments

Analyze the capability of all the ground-based instruments for obtaining cloud data, including digital camera, whole sky imager (WSI, TSI), infra-red imager (ICI), MMCR, micro-wave cloud detection radar, ceiling light, etc., and conduct in-depth study of the observing mechanism as well as the developing trend; meanwhile, study the potential technology for observing cloud, verify the possibility for instrumental cloud form identification and the expected result; these are the basic studies for the establishment of objective criteria for instrumental cloud classification, and the premise for the ground-based auto-identification technology of whole sky cloud form.
2.1.2
Statistical analyses on the probability of the occurrence of different cloud forms


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. Before it comes to the criteria for instruments, firstly, principles study should be conducted which mainly cover the history of cloud classification including the formation classification, morphological study and the thoughts for international principles; Secondly, summarize and analyze the accumulated observation data for years on the cloud form, and inspect the actual probability of the cloud form and merge the group of low probability; then, study the differences of the cloud form in different synoptic systems, and with the combination of the experience to understand the indicative significance of cloud form for weather.
2.1.3
Study on the corresponding relationship between the instrumental cloud form auto-classification principles and the conventional method

On the basis of the capability for the individual instrument to obtain images and the cloud classification principles set in the specification, to establish the principles for instrumental cloud form auto-classification and the principles should meet the current and the future development. To guarantee the consistency of the data, study should be conducted on the corresponding relationship between the principles and the conventional method.
2.1.4
Study on the acquiring technique for the cloud features of different sky images


Much research has been done in the field of cloud form identification for cloud feature acquiring technique from the satellite cloud images, so there is a lot for reference. But the ground-based whole sky cloud images have their distinct features, so the technique for acquiring cloud features from the satellite images can not be copied for application in the ground-based observation. For example, the local characteristics of the ground-based cloud images are outstanding which can be utilized for acquiring data for the shape, structure, and other information. Besides, different ground-based cloud observation systems carry their respective features for the images, therefore, many analyses on the data and programming experiments should be done for acquiring cloud features from the sky images. On the basis of the above-mentioned research, still we need to choose the factors of the cloud features so as to eliminate the featureless cloud and improve the accuracy for cloud form identification.
2.1.5
Designing of the plan for instrumental cloud form auto-identification technique


Currently, there are a lot of classifiers for pattern recognition. We need to consider the results for different classifiers and after repeated verification to come to an efficient and practical plan. 

2.1.6
Research on the cloud form identification system 


Following the cloud form identification plan, the research on the system should be conducted. Utilizing the data obtained in different regions and under different synoptic conditions, we check the results and get the precise correct rate for identification.

2.2
Aim of the research


Establish the instrumental cloud classification principle which is indicative of the weather and establish the corresponding relationship between the principle and the conventional classification practices. Acquiring proper cloud features from the ground-based observation, choosing the proper classifiers for classification, and studying the cloud identification system to make the correct rate reaching an expected accuracy.
2.3
Key technology for resolution

2.3.1
The corresponding relationship between the instrumental cloud form classification principle and the conventional method

The instrumental cloud classification principle is based on the whole sky images obtained from the ground-based instruments, of which the method is different from that for observers who obtain data by visual measurement. In the conventional classification, which is complicated, clouds are divided into 29 varieties of 10 genera in 3 families. But how to classify clouds effectively so as to indicate the weather significantly becomes an important procedure for the establishment of the instrumental cloud classification principle and need large amount of data for experiment.
2.3.2
Technology for acquiring cloud features

During the long-term observation and research, people summarized 6 identifying methods for visual measurement of different cloud varieties, e.g. distinguish from the shape, texture, color, shadow, profile, and the scope. For the satellite images, generally data of the texture and spectrum is acquired. The ground-based cloud observing instruments share similar results as the observers’. Therefore, adequate consideration should be assigned to the above-mentioned 6 features. For instance, there still lacks data on the cloud form and structure. In addition, the complex changing of the cloud makes it hard to find proper characteristics for describing its form and structure. And for hazardous weather, acquiring of cloud feature means a lot of difficulties, too. Combining other information from the surface weather elements, and learn from the methods in image processing, we can summarize the features effectively.

(3）Study on the instrumental cloud auto-classification principle and its corresponding relationship with the conventional method.

Utilizing the characteristics of whole sky images obtained from the ground-based observing instruments, and referring to the conventional classification principles we establish a principle appropriate for cloud classification by means of instrument. There is corresponding relationship between this and the conventional principle. The principle for the instrument covers all the cloud forms in the specification and should be indicative to the weather, especially the hazardous weather. The present cloud classification principle basically refers to the cloud form classification in the specification. In the meteorological operation, the observers identify the 29 varieties in the specification according to the transparency, distribution and the geometrical formation. There is not such a specification for cloud identification with satellite images, but it is also helpful because this classification is indicative to the weather. When determining the principles for the instrument we should take full consideration of these. Also, the capability for the instruments is limited, for instance, it is hard to obtain the physical macro- & micro- features of the cloud; it is impossible to reproduce the cloud development, formation and evolution processes; even the geometrical shape is hard to identify by means of image processing technique. At the same time, the changing of the cloud is complicated. For an experienced observer, it is still hard to identify the 29 varieties of cloud, not to mention the others. Judging from the current means for cloud observing, it is not necessary for such a classification which divides cloud into 29 varieties of 10 genera in 3 families.

With more and more ways for observing cloud such as meteorological radar, meteorological satellite (micro-wave, visible light, infrared), thunder-lightning detection, knowledge about cloud is increasing. The observation of cloud does not rely on how many varieties of cloud observers see. We have noticed that in the international telegraphic code for weather report CL, CM, and CH stand for the sky status and feature. 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.

We plan to begin from the characteristics of cloud generation, evolution and the conventional classification method, through experimenting and analyzing to find the appropriate instrumental cloud classification principles, and set the corresponding relationship between the instrumental principles and the conventional methods.
