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Summary and purpose of document

This document gives an overview of the current state for very short range forecasting in RA II. This document focuses on only three VSRF systems since there are only three countries which operate VSRF system in RA II.
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1. very short-range forecasting tools
1.1 China Meteorological Administration

1.1.1 GRAPES (Global and Regional Assimilation and Prediction System)-Based Nowcasting System 
GRAPES_SWIFT design and Progress: The motivations are to exploit the potentials of GRAPES for (1) improving the warning of mesoscale severe weather events in advance of 3-6hr; (2) promoting the application of remote sensing and in situ data to monitoring meso scale weather systems; meeting the needs of high quality weather services for Beijing Olympic Games 2008. 
The GRAPES_SWIFT system structure consists of: (1) Data Input: Conventional observation ( RA & Synop ), AWS, Weather Radar, Satellite, Profiler, Lightning positioning, GPS, Aircraft; (2) Data Analysis: Quick look at basic elements: (Qlable) usage of Initializing NWP, First Guess of SA, CA, and Background of system id and forecast; Surface Analysis: (SA) usage of Initializing NWP, System id and forecast, display; Cloud Analysis: (CA) usage of NWP hot start, System id and forecast, display. The domain of GRAPES_SWIFT is movable. Currently, it is mainly tested in Beijing area and Guangzhou area. GRAPES_SWIFT is hourly run for 0~12 hrs forecast. It provides the outputs of 10m-wind, precipitation, temperature, and so on, in hourly interval.

1.1.2 Research performed in VSRF
Since the early of 2006, a Rapid Update Cycle system (WRF_RUC) is beginning to be developed in NMC. The WRF_RUC system is based on WRF model and assimilation system, with a 3-h intermittent assimilation cycle, in which a new analysis is produced every 3-h using the previous 3-h forecast as a background. In order to suppress the high-frequency oscillation caused by the dynamic imbalance of analysis fields in the beginning period of the assimilation model integration, the digital filtering scheme (Lynch 1992) have been developed for WRF_RUC system. The data used for data assimilation system include the exchanged observation data from GTN and NTS. Table 1 gives the data list used for this system.

Table 1. The data used for WRF_RUC system
[image: image1.png]Type

Record
TEMP Height, Temperature, Humidity, Wind
PILOT Wind
SYNOP Pressure, Temperature, Humidity, Wind
SHIP Pressure, Temperature, Humidity, Wind
STAOB Wind
AIREP Wind, Temperature
RADAR VAD winds(WSR_88Ds), Reflectivity
GPS Precipitable water vapor





The domain of analysis system covers South of China，with a horizontal resolution of 15km and 35 levels in the vertical. In rainfall season of 2007, this system will be tested to provide short range forecast products (3-h, 6-h and 12-h forecast) every day. A specific high resolution GRAPES_Meso was developed for GRAPES_ SWIFT. It is a three-one-way nested model: the outer model with grid size of 36km using F.G. and L.B.C. from the operational global model for 24 hrs forecast; the middle model with grid size of 12km using L.B.C. (F.G. from the model -12km itself) from the model-36km for 12 hrs forecast; and the inner model with grid size of 3km using the initial fields and L.B.C. from the model-12km for 6 hrs forecast. The outer model is run with a coldstart using GRAPES_3DVAR for assimilation. The middle model is run with a continuous cycling of GRAPES_3DVAR assimilation system. The inner model is run without data analysis and assimilation.

1.1.3 Planned Research Activities in Nowcasting
The GRAPES_Based_Nowcasting system GRAPES_SWIFT will continue to be further tuned in the extrapolation algorithm and rapid updated cycling of data assimilation. GRAPES_SWIFT and GRAPES_MEPS will participate in the second trial of B08FDP/RDP in 2007, and will be run in real time in 2008 during B08-Olympic Games.
1.2 Japan Meteorological Administration
1.2.1 Nowcasting and Very Short-range Forecasting Systems (0-6 hrs) 
JMA has been routinely operating a fully automated system of precipitation analysis and very short-range forecasting to monitor and forecast local severe weather since 1988. In addition to these, JMA has been operating ‘Precipitation Nowcast’ since June 2004. 

The system has three products as below: 

(1) ‘Radar-raingauge Analyzed precipitation’ (hereafter R/A)*, which is 1-hour accumulated precipitation based on observation of the radars calibrated half-hourly by the raingauge measurements of the Automated Meteorological Data Acquisition System (hereafter AMeDAS) operated by JMA and other available data, such as raingauges by local governments. 

(2) ‘Very-Short-Range-Forecast of precipitation’ (hereafter VSRF), which is a forecast of 1-hour accumulated precipitation based on extrapolation and prediction of the Meso-scale Model (MSM,). The forecast time of VSRF is from 1 to 6 hours. 

(3) ‘Precipitation Nowcast’, which is a forecast of 10-minute accumulated precipitation based on extrapolation. The forecast time of Precipitation Nowcast is from 10 to 60 minutes. 
* Before 15 November 2006, it was called as ‘Radar-AMeDAS precipitation’. Since then, the radar data of Ministry of Land Infrastructure and Transport (MLIT) are also used for R/A and it is renamed as “Radar-Raingauge Analyzed Precipitation”. JMA is one of the external organs of MLIT, so the “Radar-Raingauge Analyzed Precipitation” belongs to MLIT. 

1.2.2 Nowcasting system (0-1 hr) in operation
Precipitation Nowcast predicts 10-minute accumulated precipitation by linear extrapolation up to 1 hour. Initial rainfall intensity distribution is derived from radar data obtained at 10-minute interval, which is calibrated by raingauge observation. Using the movement vector of VSRF, it predicts precipitation distribution by extrapolation within 3 minutes after the radar observation to support the local weather offices for issuing warnings of heavy precipitation. 

1.2.3 Research performed in nowcasting 
To improve the accuracy of forecasts, we revised the prediction algorism and added an orographic effect on precipitation of VSRF in a simplified form, in which some of its complicated parts are omitted for their long calculation time. The revised version of ‘Precipitation Nowcast’ becomes in operation since October 2006. 

‘Precipitation Nowcast’ uses movement vectors of VSRF which are obtained half-hourly and focused on a forecast in a time scale more than 1 or 2 hours. For the improvement of forecasts, it is desirable to derive movement vectors every 10 minutes using a method suitable for a forecast in a time scale less than 1 hour. We are now developing some simplified and fast calculation methods for movement vector, such as an optical-flow method. 

Table 1 Precipitation nowcasting model 
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1.2.4 Models for Very Short-range Forecasting Systems (1-6 hrs) in operation
1.2.4.1 Radar-Raingauge Analyzed precipitation (R/A) 
R/A is a precipitation distribution analysis with 1km resolution and is derived half-hourly (i.e. every the hour and past half an hour). Radar data and raingauge precipitation data are used to make R/A. The radar data is intensity data of 20 weather radars of JMA and 1(one) radar of the Ministry of Land Infrastructure and Transport (MLIT). The raingauge precipitation data is collected from more than 1300 AMeDAS stations operated by JMA and about 7000 raingauges of MLIT and some local governments. 

After collecting these data, each radar intensity data is accumulated to make the 1-hour accumulated radar precipitation data. Each accumulated radar precipitation data is calibrated with the 1-hour accumulated raingauge precipitation data. The R/A is the composite of all calibrated and accumulated radar precipitation data. An initial field for extrapolation forecast is the composite of calibrated radar intensity data. 

1.2.4.2 Very Short-Range Forecast of precipitation (VSRF) 
The extrapolation forecast and the precipitation forecast from the Meso-Scale Model (MSM; see 4.3.2.1 (2)) are merged into the very-short-range precipitation forecast. Merging weight of MSM forecast is nearly zero at one hour forecast and gradually increased with forecast time to a value determined from the relative skill of the MSM forecasts. 

Table 2 Specifications of extrapolation model 
[image: image3.emf]
The VSRF products are provided at about 20 minutes after the radar observation to support the local weather offices that issue weather warnings for heavy precipitation, and used for forecast calculation of applied products such as Soil Water Index. 

1.2.5 Research performed in VSRF 
In March 2006, JMA has changed the specification of these products, R/A and VSRF. The resolution of R/A was enhanced from 2.5km x 2.5km mesh to 1km x 1km mesh and the resolution of VSRF was enhanced from 5km x 5km mesh to 1km x 1km mesh. To incorporate MLIT radar data with JMA radar, R/A development has been focused on the harmonization of their different characteristics. In November 2006, the first MLIT radar, Hakodake, is incorporated with R/A. The others will be incorporated with R/A by March 2008. 

As for the VSRF, we introduced two type movement vectors; the first is movement vector for heavy rain with fine mesh data, the other is for background precipitation corresponding to large spatial scale with coarse grained mesh data. Watching the precipitation movement, we replace the heavy rain vector with background large scale vector to improve the accuracy of some abnormally remained forecast of heavy rains. To improve the accuracy of forecasts, we are now developing refined orographic effects and some simplified and fast calculation methods for movement vector. 

1.2.6 Development of a verification method of high-resolution QPFs 
The critical success index is known to be inappropriate for the verification of high-resolution quantitative precipitation forecasts when precipitation data are averaged over verification grids. This is because the process of averaging smoothes out the peak of the grid value of precipitation which might be represented better in the high-resolution model. To mitigate this problem, we propose the precipitation area score (PAS) which can assess both the intensity and the coverage of precipitation forecasts the same time. 

The PAS is defined as the mean square error of ratio of precipitation area over the threshold in verification grids. This formulation is similar to that of Brier score except using the ratio of precipitation area instead of probability of precipitation. According to the statistical verification with PAS, the MSM0705 (under development) with grid spacing of 5km apparently shows the better performance than the RSM with grid spacing of 20km, even for the threshold where the threat score of MSM0705 is poorer than that of RSM. The PAS makes the disagreement small between the subjective verification and the objective verification. (Segawa and Honda, 2007) 

1.3 Korea Meteorological Administration
1.3.1 The operational very short range forecast of precipitation and its hydrological applications in Republic of Korea (METRI of KMA)
1.3.1.1 Introduction

The Very-Short-Range Forecast of Precipitation (VSRF) system has been operated by the Japan

Meteorological Agency and provides forecasts for lead times up to 6 hours with a spatial resolution of 5 km. The displacement vectors for forecasts up to 3 hours are derived using a pattern matching method that takes into account orographic enhancement and dissipation of rain. To extend the lead time up to 6 hours the extrapolation method is merged with forecasts derived from a mesoscale numerical weather prediction model depending on the accuracy for both forecasts over the last few hours. National Institute of Meteorological Research (METRI) in Korea Meteorological Administration (KMA) has been modifying and optimizing the JMA VSRF model to test the feasibility as a short-time forecasting tool of precipitation for Korea since 2003. A brief description of modified KMA VSRF and the results of performance test are given in section 2 and 3, respectively. In section 4, it is shown the verification of mean area precipitation forecasted by VSRF model for the hydrological application and evaluated the performance of the hydrological runoff model when the forecasted precipitation field (6 hour ahead) by VSRF model is used input data.

1.3.1.2 Overview of VSRF model

The radar data from 10 operating radar sites, 600 rain gauges data near radar and the outputs of KMA regional mesoscale model, RDAPS (Regional Data Assimilation and Prediction System), are used as input data of VSRF model. The VSRF model consists of two main processes which are the quantitative radar precipitation estimation, the forecast of precipitation by simple extrapolation method up to 3-hour and merging with numerical prediction model for 6-hour, respectively.

Table 1. Description of VSRF initial data.
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1.3.1.2.1 Quantitative radar precipitation Estimation

KMA has been improved the Window Probability Matching Method (WPMM, Rosenfeld et al., 1993) to estimate quantitative precipitation intensity from radar reflectivity. The WPMM based radar quantitative precipitation estimation system called RAR (Radar-AWS-Rainrate) with 1km resolution and the verification system has been operating every 10-minute real time (Figure 1). Therefore the initial radar-AMeDAS precipitation field in JMA VSRF mode was replaced as the radar precipitation by WPMM in KMA.
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Figure 1. Radar QPE and verification system based on WPMM and verification system on real-time.

WPMM drives the Z-R relationship using probability density function between radar reflectivity and measured precipitation intensities at the same window as shown in figure 2.

[image: image7.png]
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Figure 2. (upper) Rain gauge and radar network in KMA and (bottom)  the concept of data sampling to match the probability matching between radar reflectivity and measured precipitation intensities.

Figure 3 shows the schematic diagram illustrating the process of getting the Z-R relationship by WPMM and an example relationship. The accuracy of radar precipitation intensity estimated by this method has shown to be better than the one by conventional power-law relationship of Marshall and Palmer (Z=200R1.6) as shown in Table 2.

1.3.1.2.2 Forecast process of Precipitation

The forecast of precipitation follows the forecasting process of JMA VSRF model and there is no big difference with the 2001 JMA VSRF version. It was made only up to 3-hourforecast by a simple extrapolation method which uses pattern matching technique to obtain the movement information of precipitation system and extended the forecasting time as adopting the blending method with numerical model up to 6-hour. It also includes the enhancement and dissipation process of precipitation systems by orographic effect based on the concept of seeder-feeder model(Browning and Hill, 1981). Figure 4 shows the flowchart of forecasting and blending process with numerical prediction model in VSRF model. The detail description of these processes shows an introduction of JMA VSRF model in Kunitsugu et al.(2001).

1.3.1.3 Verifications of VSRF model

The VSRF model has been improved by accepting the blending method between the nowcasting and mesoscale model to overcome the rapid decline of performance of simple extrapolation model. The blending scheme between the VSRF and RDAPS (Regional Data Assimilation and Prediction System) is applied for the first 4-6 forecast hour and tested during the 2006 summer. The performance of the blended VSRF model with RDAPS model has shown to be better than that of the simple extrapolation VSRF model (Figure 5).

[image: image9.emf]
Figure 3. The schematic diagram illustrating the process of getting the Z-R relationship by WPMM and the example relationship for Gwanduksan radar at 1720 LST July 7, 2004.

Table. 2 The verification score of QPE by WPMM and M-P relationship on July 12, 2006 (threshold 0.1mm/hr).
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Figure 4. The flowchart of (a) forecasting and (b) blending process with numerical prediction model in VSRF model.
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Figure 5. CSI and RMSE of the forecasted (solid), merged (dash), and RDAPS 10 km (dash-dot) precipitation versus the observed (rain gauge) one during the summer period from June to August in 2006.
KMA is still continuing the development of VSRF model for higher predictability of precipitation. The current version of VSRF model has been operating as the guidance of short-time precipitation forecast for KMA forecasters every 1 hour on real time (Figure 6).
[image: image13.emf]
Figure 6. The operational VSRF in KMA and its verification system on real time since 2006.

1.3.1.4. Hydrological Application for runoff model

1.3.1.4.1 Verification of mean area precipitation

Verification of mean area precipitation forecasted by VSRF model for the hydrological application was employed at the Kyoung-An river basin(127°16’ 47” ~127°14’ 40” E, 37°11′08″~37°21′01″N) with basin area in 568 km2 in figure 7. The mean area precipitation (MAP) between VSRF model and rain gauge is compared for 3 cases (case 1: summer rainy, case 2: heavy rainfall, case 3: typhoon case) in 2003. The VSRF model forecasts the precipitation well up to 2 hour.

[image: image14.emf]
Figure 7. Kyoung-An river basin and it’s grid for verification
It is compared the observed and forecasted mean areal precipitation in Kyoung-An river basin in figure 8. The precipitation tendency within 2 hour lead time relatively conforms to the observed ones, but it seemed to show the tendency of time-lag to the observed one afterward.
[image: image15.emf]
Figure 8. Mean areal precipitation in Kyoung-An river basin at each case.
Figure 9 and 10 shows the Critical Successive Index(CSI) and other verification factors of MAP forecasted by VSRF model for 3 cases at threshold values of 0.1, 1.0 and 5.0 mm/hr, respectively.

[image: image16.emf]
Figure 9. CSI of areal precipitation forecasted by VSRF model and measured precipitation at rain gauge in Kyoung-An river basin at 3 cases. 

[image: image17.emf]
Figure 10. Same as Figure 7 but for (a) mean error, (b) RMSE, and (c) correlation coefficient.

1.3.1.4.2 Evaluation of hydrological runoff model

The forecasted precipitation field(6 hour ahead) by VSRF model is used input data of the hydrological runoff model, National Weather Service River Forecast System (NWSRFS). The model performance is evaluated to the same cases as the verification of the mean area precipitation. Figure 11 presents the observed and simulated runoff and statistical results for model verification for each period. The correlation coefficient between hydrological runoff model using precipitation field forecasted (6 hour ahead) by VSRF model and observed runoff data is up to 0.6 within 3 hour lead time during heavy rainy day. It represents that the VSRF of precipitation is very useful for water resources application.
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igure 11. Observed and simulated runoff and statistical results for model verification for each period.

1.3.1.5 Conclusions

The National Institute of Meteorological Research has been developing and operating the Very Short Range Forecast of precipitation (VSRF) model supported from Japan Meteorological Agency (JMA) since 2003. KMA is hourly operating two kinds of VSRF models based on the simple extrapolation version and the blended version with meso-scale numerical prediction model to monitor the performance. Both are one hour forecast up to 6 hours ahead with 5km resolution on real-time mode. The precipitation analysis field of VSRF is derived from the radar quantitative precipitation estimation system that is automatically calculating by Window Probability Matching Method using the composite radar reflectivity from 11 KMA radars and the rain gauge data with high resolution. For blended version, the concept of pattern distance and the transformed hyperbolic tangent function are employed for the spatial and temporal blending scheme. The spatial blending technique of forecasted precipitation plays a significant role of compensating for the regionally mistaken forecast fields. During the heavy rainfall the performance of blended VSRF seemed to be better than that of simple extrapolation. For the hydrological application of precipitation forecast field of VSRF model, it is performed the hydrological verification of VSRF model(only extrapolation version) and combination with rainfall-runoff model (PC version, National Weather Service River Forecast System) in Kyoungan River Basin. It is compared the mean area precipitation between VSRF and Rain gauge. The correlation coefficient between hydrological runoff model using precipitation field forecasted (6 hour ahead) by VSRF model and observed runoff data is up to 0.6 within 3 hour lead time during heavy rainy season. It represents that the VSRF of precipitation is very useful for water resources application.

1.4 Islamic Republic of Iran Meteorological Organization (IRIMO) 
1.4.1 Nowcasting system in operation 
Short range forecasting for aeronautical purposes and public by subjective analysis of synoptic reports, satellite and RADAR images, actual and prognostic sea level and P_level charts, vertical profiles and instability indices. 

1.5 Malaysian Meteorological Department 
1.5.1 Planned Research Activities in Nowcasting 
Given the higher technological advantage in the next two years, that is with a system that may have a peak performance of 1 Terra flops using an interface with latency time of around 1.4μs, research is to conducted to enable nowcasting using NWP for a period of 18 hours at least. 

2. short-range forecasting tools
2.1 Hong Kong Observatory
2.1.1 Short-range forecasting systems (0-72 hours)

2.1.1.1 Data assimilation, objective analysis and initialization

2.1.1.1.1 Operational Regional Spectral Model (ORSM)
Meteorological data assimilated by the analysis scheme of ORSM are as follows:

(A) From GTS

SYNOP, SHIP surface data and ship data

TEMP, PILOT radiosonde and pilot data

AIREP, AMDAR aircraft data

SATEM satellite thickness data

TOVS, ATOVS virtual temperature profiles

SATOB satellite wind data

(B) From RSMC Data Serving System (DSS) of JMA (up to 10 July 2005)

GOES-9 IR1 brightness temperature data (S-VISSR format)

(C) MTSAT-1R geostationary satellite of JMA (from 11 July 2005)

IR1 brightness temperature data (HIRID format)

(D) From NCEP data server

Daily sea surface temperature analysis at 1-degree resolution

(E) Through regional data exchange

Data from automatic weather stations over southern China

(F) Local data

Tropical cyclone bogus data during tropical cyclone situations

Automatic weather station data

Wind profiler data

Doppler weather radar data

A three-dimensional multivariate optimal interpolation is performed four times a day based on 00, 06, 12 and 18 UTC data for the 60-km outer domain. For the inner domain, the same analysis scheme is performed 8 times a day based on 00, 03, 06, 09, 12, 15, 18, and 21 UTC. All analyses are applied to the 36 model levels.

The horizontal domains of both inner and outer models compose of 151x145 model grids in Mercator projection. The first guess fields of the model analyses are provided by their respective latest forecasts. The hourly rainfall information, derived from the real-time calibration of radar reflectivity with rain gauge data as well as from the GOES-9/MTSAT-1R IR1 brightness temperature data, are incorporated into the model through a physical initialization process. In this process, the moisture of the initial field (between the lifting condensation level and the cloud top inferred from the cloud top temperature) at the point where rain is observed is adjusted to allow precipitation process to be switched on. The heating rate of the precipitation process is also adjusted to correspond to the rainfall amount observed. Rainfall information in the past hour and

three hours are used in the outer and inner models’ analysis respectively. An nonlinear normal mode initialization is performed before the forecast model is run.

2.1.1.1.2 MPI ORSM

The data ingestion, objective analysis and initialization processes are identical to those of ORSM, except that the number of model levels is increased to 40.

2.1.1.1.3 NHM

NHM is initialized by interpolating the 20-km MPI RSM analysis into the model grid at 5-km resolution. The domain of NHM composes of 121x121 model grids in Mercator projection and 45 vertical levels. Specific humidity of hydrometeors (cloud liquid water, cloud ice, rain water, snow and graupel) on model levels in the initial condition are interpolated vertically from LAPS output on pressure levels.

2.1.1.1.4 LAPS

Experiments are also carried out with a view to implement a rapidly updated local analysis system for the nowcasting of rainstorms in Hong Kong and the generation of alternative initial conditions for NHMs. LAPS (Albers 1995 and Albers et al. 1996), originally developed by the Forecast Systems Laboratory of NOAA, is adapted for this purpose. LAPS is configured to use the 20-km ORSM output as background field. Hourly analyses are produced for a 125×105 horizontal grid of 10, 5 and 1 km resolution. There are totally 21 vertical levels in the configuration. The objective analysis employed in LAPS is a combination of successive correction and 3-dimensional

variational techniques.

LAPS assimilates SYNOP, METAR, SHIP, TEMP, PILOT, AIREP, AMDAR, SATEM, TOVS, ATOVS, SATOB, QuikSCAT sea surface winds, GOES-9/MTSAT-1R brightness temperature and albedo, data from automatic weather stations over the south China coastal region, local wind profiler data, local GPS data, as well as Doppler radar reflectivity and velocity data from the local radars in Hong Kong. In addition, derived wind products such as the multi-level TREC (Tracking Radar Echoes by Correction) winds obtained from SWIRLS (Li and Lai 2003) are also assimilated. These additional wind data are especially useful in defining the wind structure of tropical cyclones approaching southern China.
2.2 Islamic Republic of Iran Meteorological Organization (IRIMO) 
2.2.1 Short-range forecasting system (0-72) 
2.2.1.1 Data assimilation, objective analysis and initialization 
• Not available 

2.2.1.2 Model in operation
• The MM5 modeling system is adopted for operational short rang (up to 3 days) forecasts over Iran. model configuration is as follows: 

• Dynamics: None hydrostatic with three dimensional Coriolis force 

• Main prognostic variables: u, v, w, T, p, and q 

• Central point of the domain: 30N, 50E 

• Number of horizontal grid points: 150 and 120 grid points for x, y respectively 

• Horizontal grid distance: 30 km 

• Number of vertical levels: 23 half sigma levels 

• Horizontal grid system: Arakawa B grid 

• Time integration scheme: Time-splitting 

• Physical parameterizations: 

• Blackadar PBL scheme 

• Betts Miller convection scheme 

2.3 Malaysian Meteorological Department 
2.3.1 Short-range forecasting system (0-72 hrs) 
2.3.1.1 Data Assimilation and objective analysis 
• Method of Analysis: 3D-VAR 

• Analyzed Variables: wind, temperature, relative humidity and pressure 

• Vertical levels: 1000hPa, 850hPa, 700hPa, 500hPa, 400hPa, 300hPa, 250hPa, 200hPa, 150hPa, 100hPa. 

2.3.1.2 Model in operation
•  Basic equations: Primitive Equation System 

• Independent Variables: Horizontal Wind, Pressure, Temperature, Relative Humidity and Geopotential Height 

• Numerical Technique: Non Hydrostatic, finite difference second order horizontal and vertical discretization, second order leapfrog time-step scheme though some terms like the sound-wave terms and planetary boundary layer tendencies are handled using a time splitting scheme. 

• Horizontal Resolution: Larger domain is 36 km and smaller domain is 12 km. Larger domain consists of 154 x 154 grid points and smaller domain consists of 220 x 130 grid points. 23 vertical levels. 

• Time Step: 108 seconds 

• Shallow Convection 

• Radiation: Accounts for longwave and shortwave interactions with explicit cloud and clear air. 

• Atmospheric Moisture: Predicts cloud and rainwater fields explicitly. Ice phase processes also considered. 
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