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Users’ guide to High-resolution Cloud Analysis Information
1. Introduction
This users’ guide is for High-resolution Cloud Analysis Information (HCAI) – a satellite-derived cloud analysis product based on Himawari observation results. HCAI provides grid point data with cloud classification indices and cloud altitude values. Chapter 2 outlines the data format, Chapter 3 gives details of the product, and Chapter 4 highlights points to note. This guide relates to HCAI only.

2. Data format
HCAI is provided in FM92 GRIB edition 2 format (i.e., processed data expressed as binary grid-point values) as described in the WMO Manual on Codes. Files contain data on just one meteorological parameter (i.e., they are single GRIB2 files). Appendix A outlines the data format.

3. Contents

(1) Region
The region of HCAI coverage is shown in Appendix B.

(2) Meteorological parameters

The meteorological parameters in the product are cloud mask, snow ice mask, cloud type, cloud top height (all derived from objective analysis of Himawari observation data) and quality control information.
a) Cloud mask (including dust mask)
This parameter relates to the presence of cloud and dust. Table 1 lists cloud mask code numbers.

Table 1  Cloud mask code numbers

	Cloud mask
	Code number

	Clear (no cloud), no dust
	200

	Clear/cloud, no dust
	201

	Cloud, no dust
	202

	Clear, dust
	205

	Clear/cloud, dust
	206

	Cloud, dust
	207


b) Snow ice mask
This parameter relates to the presence of snow ice. It is given as “11” to indicate the presence of snow ice and as “0” to indicate absence.

c) Cloud type
This parameter relates to one of eight cloud types (clear (no cloud), cumulonimbus, dense cloud, upper cloud, middle cloud, cumulus, stratocumulus and stratus/fog). Table 2 lists cloud type code numbers.

Table 2  Cloud type code numbers
	Cloud type
	Code number

	Clear (no cloud)
	0

	Cumulonimbus
	1

	Dense cloud
	200

	Upper cloud
	201

	Middle cloud
	202

	Cumulus
	4

	Stratocumulus
	3

	Stratus or fog
	204


Upper cloud 
Single-layer cloud with a top height above 400 hPa

Middle cloud 
Cloud with a top height between 400 and 600 hPa

Cumulus 
Convective cloud with a top height below 600 hPa

Dense cloud 
Cloud with a top height above 400 hPa (other than cumulonimbus and upper cloud)

d) Cloud top height
This parameter relates to cloud-top height in hundreds of meters.

e) Quality control information

This parameter relates to HCAI quality control. Table 3 lists the details of the information. It is given as “0” to indicate the possibility of high quality and as “1” to indicate the possibility of low quality for each bit in order from the least significant bit.

Table 3  Quality control information summary

	Bit no.
	Quality control information
	0
	1

	1
	Validity of quality flag
	Valid
	Invalid

	2
	Quality loss due to effects of the sun
	No possibility
	Some possibility

	3
	Quality loss due to effects of the moon
	No possibility
	Some possibility

	4
	Solar calibration operation
	Not in operation
	In operation

	5
	Solar eclipse operation
	Not in operation
	In operation

	6
	Quality of cloud mask
	High quality
	Low quality

	7
	Quality of cloud type
	High quality
	Low quality

	8
	Quality of cloud top height
	High quality
	Low quality


4. Points to note
- There may be discrepancies between HCAI and surface synoptic observation data due to differences in observation methods.

- Clouds too small for the spatial resolution of satellite observation (2 km at the sub-satellite point), known as sub-pixel clouds, cannot be detected.

- Lower convective clouds with the same brightness temperature as the background cannot be detected.
- Very thin upper clouds, known as semi-transparent clouds, may remain undetected.

- Cumulus, stratocumulus and stratus/fog may be incorrectly classified.

- Cloud classification in the border area between daytime and nighttime is currently being improved.

- The specifications of HCAI may be changed with notice.
Appendix A

GRIB2 format and templates

	Section number
	Section name or template applied
	Octet
	Content
	Table
	Value
	Remark

	0
	Indicator Section
	1 – 4
	GRIB
	
	GRIB
	International Alphabet No. 5 (CCITT IA5)

	
	
	5 – 6
	Reserve
	
	0xFFFF
	Missing

	
	
	7
	Discipline-GRIB master table number
	Code table 0.0
	0
	Meteorological product

	
	
	8
	GRIB edition number
	
	2
	

	
	
	9 – 16
	Total length of GRIB message in octets
	
	11381930
	

	1
	Identification Section
	1 – 4
	Length of section in octets
	
	21
	

	
	
	5
	Section number
	
	1
	

	
	
	6 – 7
	Identification of originating/generating center
	
	34
	Tokyo

	
	
	8 – 9
	Identification of originating/generating sub-center
	
	0
	

	
	
	10
	GRIB master table version number
	Code table 1.0
	2
	Currently operating version number

	
	
	11
	GRIB local table version number
	Code table 1.1
	1
	Local Table Version 1

	
	
	12
	Reference time significance
	Code table 1.2
	3
	Observation time

	
	
	13 – 14
	Data reference time (year)
	
	(Variable)
	See #1

	
	
	15
	Data reference time (month)
	
	 (Variable)
	See #1

	
	
	16
	Data reference time (day)
	
	(Variable)
	See #1

	
	
	17
	Data reference time (hour)
	
	 (Variable)
	See #1

	
	
	18
	Data reference time (minute)
	
	 (Variable)
	See #1

	
	
	18
	Data reference time (second)
	
	 (Variable)
	See #1

	
	
	20
	Product status of processed data in current GRIB message
	Code table 1.3
	0
	Operational products

	
	
	21
	Type of processed data in current GRIB message
	Code table 1.4
	6
	Processed satellite observation

	2
	Local Use Section
	Not used
	　
	
	Omission
	

	3
	Grid Definition Section
	1 – 4
	Section length in octets
	
	72
	

	
	
	5
	Section number
	
	3
	

	
	
	6
	Grid definition source
	Code table 3.0
	0
	See code table 3.1

	
	
	7 – 10
	Number of data points
	
	11381751

	

	
	
	11
	Number of octets for optional list of numbers defining number of points
	
	0
	

	
	
	12
	Interpretation of list of numbers defining number of points
	
	0
	

	
	
	13 – 14
	Grid definition template number
	Code table 3.1
	0
	Latitude/longitude

	
	Template 3.0
	15
	Shape of earth
	Code table 3.2
	4
	Oblate spheroid as defined in IAG-GRS80 model

	
	↓
	16
	Scaled factor of spherical-earth radius
	
	0XFF
	Missing

	
	↓
	17 – 20
	Scaled value of spherical-earth radius
	
	0xFFFFFFFF
	Missing

	
	↓
	21
	Scaled factor of oblate spheroid earth’s major axis
	
	1
	

	
	↓
	22 – 25
	Scaled value of oblate spheroid earth’s major axis
	
	63781370
	

	
	↓
	26
	Scaled factor of oblate spheroid earth’s minor axis
	
	1
	

	
	↓
	27 – 30
	Scaled value of oblate spheroid earth’s minor axis
	
	63567523
	

	
	↓
	31 – 34
	Ni-number of points along a parallel
	
	3251
	

	
	↓
	35 – 38
	Nj-number of points along a meridian
	
	3501
	

	
	↓
	39 – 42
	Basic angle of initial production domain
	
	0
	

	
	↓
	43 – 46
	Subdivision of basic angle used to define extreme longitudes and latitudes, and direction increments
	
	0xFFFFFFFF
	Missing

	
	↓
	47 – 50
	La1-latitude of first grid point
	10**-6 degree unit
	55000000
	55.0 degrees north

	
	↓
	51 – 54
	Lo1-longitude of first grid point
	10**-6 degree unit
	90000000
	90.0 degrees east

	
	↓
	55
	Resolution and component flags
	Flag table 3.3
	0x30
	

	
	↓
	56 – 59
	La2-latitude of last grid point
	10**-6 degree unit
	15000000
	15.0 degrees south

	
	↓
	60 – 63
	Lo2-longitude of last grid point
	10**-6 degree unit
	155000000
	155.0 degrees east

	
	↓
	64 – 67
	Di-i direction increment
	10**-6 degree unit
	20000
	0.02 degrees

	
	↓
	68 – 71
	Dj-j direction increment
	10**-6 degree unit
	20000
	0.02 degrees

	
	Template 3.0
	72
	Scanning mode
	Flag table 3.4
	0x00
	

	4
	Product Definition Section
	1 – 4
	Section length in octets
	
	34
	

	
	
	5
	Section number 
	
	4
	

	
	
	6 – 7
	Number of coordinate values after template
	
	0
	

	
	
	8-9
	Product definition template number
	Code table 4.0
	0
	Analysis or forecast at a horizontal level or in a horizontal layer at a point in time

	
	Template 4.0
	10
	Parameter category
	Code table 4.1
	6
	Cloud

	
	↓
	11
	Parameter number 
	Code table 4.2
	 (Variable)
	See #2

	
	↓
	12
	Generation process type
	Code table 4.3
	0
	Analysis  

	
	↓
	13
	Background generation process identifier
	
	0xFF
	Missing

	
	↓
	14
	Analysis of forecast generation process identifier
	
	0xFF
	Missing

	
	↓
	15 – 16
	Hour of observational data cut-off point after reference time
	
	0
	

	
	↓
	17
	Minute of observational data cut-off point after reference time

	
	10
	

	
	↓
	18
	Time range unit indicator
	Code table 4.4
	0
	Minutes

	
	↓
	19 – 22
	Forecast time in units as defined by octet 18
	
	0
	

	
	↓
	23
	Type of first fixed surface
	Code table 4.5
	3
	Cloud-top level

	
	↓
	24
	Scaled factor of first fixed surface
	
	0xFF
	Missing

	
	↓
	25 – 28
	Scaled value of first fixed surface 
	
	0xFFFFFFFF
	Missing

	
	↓
	29
	Type of second fixed surface 
	Code table 4.5
	0xFF
	Missing

	
	↓
	30
	Scaled factor of second fixed surface
	
	0xFF
	Missing

	
	Template 4.0
	31 – 34
	Scaled value of second fixed surface
	
	0xFFFFFFFF
	Missing

	5
	Data Representation Section
	1 – 4
	Section length in octets
	
	21
	

	
	
	5
	Section number
	
	5
	

	
	
	6 – 9
	Total number of data points
	
	11381751
	

	
	
	10 – 11
	Data representation template number
	Code table 5.0
	0
	Grid point data – simple packing

	
	Template 5.0
	12 – 15
	Reference value (R)
	
	0.0
	IEEE 32-bit floating-point value

	
	↓
	16 – 17
	Binary scale factor (E)
	
	0
	

	
	↓
	18 – 19
	Decimal scale factor (D)
	
	  (Variable)
	See #2

	
	↓
	20
	Number of bits used for each packed value for simple packing
	
	8
	

	
	Template 5.0
	21
	Type of original field value
	Code table 5.1
	1
	Integer

	6
	Bit-map Section
	1 – 4
	Section length in octets
	
	6
	

	
	
	5
	Section number
	
	6
	

	
	
	6
	Bit-map indicator
	
	0xFF
	Missing

	7
	Data Section
	1 – 4
	Section length in octets
	
	11381756
	

	
	
	5
	Section number
	
	7
	

	
	Template 7.0
	6 – nn
	Binary data values – binary string with each scaled data value
	
	 (Variable)
	Data in format described by Data Template 7.0.
0xFF = Missing

	8
	End Section
	1 – 4
	7777
	
	"7777"
	International Alphabet No. 5 (CCITT IA5)


	#1 Temporal representation
	

	Reference time
	Value

	Year
	(4-digit integer)

	Month
	1 – 12

	Day
	1 – 31

	Hour
	0 – 23

	Minute
	0 – 59

	Second
	0 – 59

	Coordinated Universal Time (UTC) is used. 
	


	#2 Parameter numbers
	
	
	　

	Product element
	Parameter number
	Decimal scaled factor (D)
	Remark

	Cloud mask
	201
	0
	See #3

	Snow ice mask
	202
	0
	See #4

	Cloud type
	8
	0
	See #5

	Cloud top height (m)
	12
	-2
	


	Quality control information
	200
	0
	See #6


	#3 Cloud mask code numbers
	

	Cloud mask
	Code number

	Clear (no cloud), no dust
	200

	Clear/cloud, no dust
	201

	Cloud, no dust
	202

	Cloud, dust
	205

	Clear/cloud, dust
	206

	Cloud, dust
	207


	#4 Snow ice mask code numbers
	

	Snow ice mask
	Code number

	No snow ice
	0

	Snow ice
	11


	#5 Cloud type code numbers
	

	Cloud type
	Code number

	Clear (no cloud)
	0

	Cumulonimbus
	1

	Dense cloud
	200

	Upper cloud
	201

	Middle cloud
	202

	Cumulus    
	4

	Stratocumulus
	3

	Stratus or fog
	204


	#6 Summary of quality control information bits 
	

	Quality control information
	0
	1

	Validity of quality flag
	Valid
	Invalid

	Quality loss due to effects of the sun
	No possibility
	Some possibility

	Quality loss due to effects of the moon
	No possibility
	Some possibility

	Solar calibration operation
	Not in operation
	In operation

	Solar eclipse operation
	Not in operation
	In operation

	Quality of cloud mask
	High quality
	Low quality

	Quality of cloud type
	High quality
	Low quality

	Quality of cloud top height
	High quality
	Low quality


Appendix B

Region

HCAI for Malaysia covers the area from latitude 55 degrees north to 15 degrees south and from longitude 90 degrees
 to 155 degrees east. Each grid square covers 0.02 degrees in latitude and longitude. There are 3,501 grid squares in latitude and 3,251 in longitude. A map of the region is shown below. 
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Figure 1  Region of High-resolution Cloud Analysis Information for Malaysia
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