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2. Overall objectives and scientific agenda and background 

About 70% of the world population live under monsoon climate, and receive benefits as well as damages from monsoon precipitation and hydrological processes. Most of the countries under monsoon climates are developing countries or semi-developed countries, where coordination for monsoon seasonal prediction is highly and urgently required.  


Scientifically, the monsoon systems are manifested as land-atmosphere-ocean coupled systems, exhibiting a variety of time and space scales that are governed by complex physical processes and their interaction and feedbacks through energy, water and even carbon cycles. The interactions between the tropics and the extra-tropics through the atmospheric dynamical processes also play essential roles in maintenance and variability of monsoons.
Due to our lack of understanding these processes and interactions, however, large uncertainties exist in predicting (or projecting) all the regional and continental-scale monsoon climates associated both with natural & anthropogenic (GHGs increase, aerosol increase, and LCLU changes) forcings (e.g., refer to IPCC-AR4 2007). Monsoon predictions, thus, require highly-sophisticated models, and these models require improved physical parameterizations, which in turn require more comprehensive observations. Since the monsoon systems possess a large range of variability from diurnal to decadal time scales, prediction is a challenging test for the whole community of the global climate modeling
The MONS effort includes multiple observation and science activities within the fields of hydrometeorology and hydroclimatology. CEOP has evolved components to integrate observations based on coordination among field science groups, space agencies, and NWP centers in the local, regional and global scales. Other synergistic elements of CEOP that are also multidisciplinary include: components required to exchange and disseminate observational data and information including data management that encompasses functions such as Quality Assessment/Quality Control, access to data, and archiving of data, data integration and visualization, and information fusion. 

Key Science Targets
The ultimate goal of MONS is to improve forecasts of monsoon variability, in particular from intra-seasonal to inter-annual time-scales. To tackle this goal, it is needed to share common recognition of the need to advance knowledge of energy and water cycle processes in various monsoon regions over the major continents in the world. The key shared scientific questions in MONS are:

· What is the characteristics of land-atmosphere interactions in the evolution and variation of monsoon system?
· How do the diurnal, intraseasonal, seasonal and inter-annual variations of monsoon interact with land surface?
· What is the impact of nearby high elevated heating onto the monsoon system?
· What is the role of the monsoons on floods and droughts of large river basins?
· What is the role of human activity on changing the activity and/or characteristics of monsoons?
3. Major results so far (bullets). Please include key publications when possible



CIMS (CEOP Inter-Monsoon Studies) have been conducted during the CEOP Phase-I. The main objectives of CIMS are to: a) provide better understanding of fundamental physical processes, i.e., diurnal cycle, annual cycle, intraseasonal oscillation, in monsoon regions around the world, and b) demonstrate the synergy and utility of CEOP data in providing a pathway for model physics evaluation and improvement. Phase-I of CEOP (2003-2005) was mainly devoted to data collection, processing, and quality control, as well as pilot projects demonstrating the use and application of CEOP data for water cycle studies. As the data collection phase is being completed, and the research phase begins in 2005, two full annual cycles (2003-2004) of research-quality data sets from satellites, reference sites, and model output location time series (MOLTS) have been processed and made available to the scientific community for pilot studies (Roads et al. 2003,; Lau et al. 2004; Matsumoto and Takahara 2005). Some of the results obtained in CIMS have been published in the CEOP special issue of the JMSJ (Basu and Iyengar, 2007; Chiao and Barros, 2007; Lau et al 2007; Li, et al., 2007: Ma and Mechoso, 2007; Taniguchi and Koike, 2007). Also, aerosol-monsoon issues have been focused on under the CIMS (Lau et al., 2006; Lau and Kim, 2006).
In June15-17, 2005, the first Pan-WCRP workshop on monsoon climate systems was held in Irvine, California, USA, where various challenging issues for monsoon predictions were intensively discussed. This workshop was a unique and timely opportunity to promote a new initiative of the pan-WCRP monsoon system prediction studies,which was an essential part of the new WCRP strategy (Sperber and Yasunari, 2006). The conclusive recommendations of the workshop are summarized as follows:

· The near-term (1-2 years) goal is to improve the simulation of the diurnal cycle of precipitation and convection in global models by making use of regional climate models and cloud-resolving models that have more comprehensive physics. 
· Improved modeling of the intraseasonal oscillation, with large-scale convection in the tropics on a time scale of ~30-70 days. This phenomenon straddles numerical weather prediction and climate, and is a potential source of predictability that has not been realized due to its poor representation in models.

· The seasonal cycle of the monsoon is also a challenge for GCMs, showing too early (or late) onset of the Asian and north American monsoon.

· Need for more process studies and modeling of the Maritime continent and the Indian Ocean. 
· Better understanding of the atmospheric moisture distribution and transport.

· Sensitivity testing to determine the resolution necessary in global models to simulate multi-scale interactions that dominate the Earth’s monsoon systems.

· The decay of the present observing system needs to be reversed, while the role of GEOSS is important.
· Improved (and sustained) observations are needed over sparsely sampled regions of the tropical oceans, especially the Indian Ocean.

· Better observations of land surface conditions are needed (e.g., soil moisture, snow cover, snow depth) for understanding processes, and because these quantities can serve as boundary conditions for model simulations.

The role of aerosol and dust and its impact on the development of monsoon precipitation should be investigated, though at present these may be secondary to errors in the basic structure of monsoon simulations.
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4. Status in 2007

Since the beginning of 2000s, integrated international monsoon study projects have been started in West Africa and in North and South Americas. The former is the African Monsoon Multidisciplinary Analyses (AMMA) conducted mainly by European countries and West African countries, which focuses hydro-meteorological processes of West African monsoons. The latter is the Variability of the American Monsoon Systems (VAMOS) which is an integrated monsoon study project under CLIVAR. The VAMOS has four components, i.e., the North American Monsoon Experiment (NAME), the Monsoon Experiment in South America (MESA), VAMOS Oceans-Clouds-Atmosphere-Land Study (VOCALS), and the Inter Americas Study of Climate Processes (IASCLIP). 


In the Asian/Australian monsoon region, several national and multi-national projects have emerged nearly simultaneously, most of which have close association with the international monsoon study projects/activity of Monsoon Asian Hydro-Atmospheric Study, Prediction and Research Initiative (MAHASRI), and Coordinated Energy and Water Cycle Observation Projects (CEOP) under GEWEX, and CLIVAR Asian/Australian Monsoon Panel (AAMP), Monsoon Asian Integrated Regional Studies (MAIRS) under ESSP, and Tropical Monsoon Research (TMR) of WMO World Weather Research Program (WWRP). These projects/activities are now planning to establish the Asian Monsoon Years (AMY 2008-2011), which was proposed as a part of the IMS (International Monsoon Studies) under the WCRP.

5. Plans for next 2-3 years
・ Implement the AMY 2008-2009 in Asian monsoon region
The 3rd AMY Workshop to be held in Jan.26-27, Yokohama, Japan

· Organize the 2nd Pan-WCRP monsoon Workshop 


One possible candidate date/venue will be in conjunction with the 4th WMO monsoon conference to be held in October 2008, in Beijing, China. 
Scientific topics of the workshop also needs to be determined, e.g., 


Diurnal cycles, Intraseasonal variabilities, and seasonal cycles


Large-scale land-atmosphere-ocean interactions


Roles of monsoons in the global climate system

6. Interactions with other Groups

· Development of potential mechanism to work with RHPs, especially, among AMMA, VAMOS and MAHASRI. 
· Collaboration with crosscutting groups, Semi-Arid Studies, High Elevations, Water and Energy Budget Study, Cold Region Study, Isotopes, Extremes
· Fully cooperation with data and modeling groups
7. Planned and potential contributions to the GEWEX roadmap

Contribution to GEWEX Road Map
· Produce consistent research quality data sets of the CEOP reference sites in monsoon regions;

· Understanding and quantify the contributions of water and energy cycle in monsoon regions;

· Improve predictive capability for key water and energy variables through improved parameterization of land processes in monsoon regions;
7. Planned interactions with other research, application and user communities
ABC (Atmospheric Brown Cloud)
CLIVAR-AMMP, POP, IOP

ESSP/MAIRS (Monsoon Asia Integrated Regional Studies)

iLEAPS (Integrated Land Ecosystem – Atmosphere Processes Study)

WMO/WWRP/monsoon 
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