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PART 2 Bidders to complete

CONTRACT REF:  
DN394978: WCSSP INDIA

Grant Funds for the period September 2019 – March 2021

Call for Competition for the following lots:  

	Lot number
	Title
	Total
Amount 

	IND1
	Convective scale regional coupled environmental prediction model evaluation and development

	£900,000

	IND2
	Fog – Land, Boundary Layer & Aerosol processes

	£600,000

	IND3
	Orographic Precipitation

	£600,000

	IND4
	Coupled Prediction of the Indian Monsoon – mechanisms for seasonal variability

	£980,000

	IND5
	Research on statistical post processing techniques for heavy rainfall forecasts in India

	£300,000

	IND6
	Research into methods to collect data on socio-economic impacts of severe weather events in India

	£300,000

	IND7
	Impact scenario modelling for risk-based flood warning in India

	£600,000




Submissions must be submitted via the Met Office Procurement Portal no later than: 

Friday 3rd May, 12 noon
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	Section Three (A)
	Quality Assessment Criteria



Using the template provided at Appendix B, please provide a clear Research Plan of the proposed research to respond to the following assessment sub criteria for each Lot. 

Where bidders wish to apply for multiple Lots, a research plan for each Lot is required.
 
The Research Plan will be assessed against the following criteria:  

	
	Criteria (5 points available per question)
	%
	Marked against document

	
	Quality of Research Plan
	80%
	Research Plan

	 80% QUALITY
	a) Plan and Approach 

	30%

	section 3, 4 and 6

	
	b) Benefits and alignment to work package
	20%
	section 2.3

	
	c) Relevant experience 
	20%
	section 7.1

	
	d) Dependencies and Risks 

	10%

	section 5, 7 and 9 including HPC


	
	Value for money 
	20%
	Research Plan

	 20% VFM
	Value for money is exceptionally important to all Grants to demonstrate that what people are doing reflect. This an opportunity to tell the Met Office how you meet these standards, considering time, quality and cost. 

	20%
	Research Plan

	
	ODA Compliance
	Pass / Fail

	ODA
	Bids must be ODA compliant within the guidelines of Official Development Assistance (ODA), which underpins the purpose of the programme. There must be a clear and direct link to demonstrate that there is economic and societal benefit in-country by the proposed Bid.
	
Research Plan, Section 2.1






	Section Three (B)
	Eligibility & Compliance Assessment



Please only complete this section once for all Lot submissions under this Call. Please clearly state the lot number where specific information to an individual lot is provided.

	Pass/Fail
	Eligibility & Compliance Assessment 

	Q3.1
	Newton Fund Eligibility
In order to confirm Newton Fund eligibility, mark the correct statement below;

	Response

	Mark the correct statement below;
X I confirm that this submission qualifies against the eligibilty criteria as detailed in point 1.13 of Part One. 
· I confirm that this submission does not qualify against the eligibility criteria as detailed in point 1.13 of Part One. Note: Selecting this option will result in your bid being excluded

	Q3.2
	Due Diligence
In order to provide an explanation of the due diligence to be followed to ensure against fraudulent use of funds, please provide a statement and any supporting policies  

	Response
	Mark the correct statement below;
· I confirm that the due dilligence and anti-fraudulent measures have been assessed and qualify as reasonable measures.
· I confirm that the due dilligence and anti-fraudulent measures either; not been assessed, or do not qualify as reasonable measures.
Bidder(s) to enter text here to evidence their compliance (200 word limit):

	
Q3.3
	Confirmation of Key Organisational Documents
Please confirm your Organisation has the following which are available with 3 working days of request: 
· Equal Opportunities Policy Statement
· Health & Safety Policy Statement
· Staffing Structure to support Bid

	Response
	Mark the correct statement below;
· I confirm that we meet the requirement above. 
· I confirm that all the above mentioned documents do not exist. 

	Q3.4
In-Country/
UK
	Attendance of Meetings.
There are likely to be at least two Science Meetings each year, one In Region and at least one in the UK (PER LOT).
Attendance at each meeting by at least one representative of successful bids is required.
The exact timings of these meetings will be communicated to the Beneficiary in due course, to enable sufficient time to make own arrangements.
NOTE: The cost of all travel and expenditure must be included in the Grant Fund Awarded as this is the total amount of funds available. Costs can be itemised in the defrayment schedule.

	Response
	Mark the correct statement below;
X I confirm that the above mentioned meetings are accounted for in this Bid submission. 
· I confirm that the above mentioned meetings have not been accounted for in this Bid submission. 

	Q3.5

	Location of Activities (Not Scored for Information Only)
In order to provide further understanding of the activities please outline the expected locations of the Bid Activity 
Please clearly state the lot number where specific information to an individual lot is provided.

	Response

	This information relates to Lot 1 only.
All funded research under this project will take place at the following three institutions:
· National Centre for Atmospheric Science, located in Reading, United Kingdom
· The University of Leeds, located in Leeds, United Kingdom
· The Centre for Ecology and Hydrology, located in Wallingford, United Kingdom
We anticipate strong research collaborations with NCMRWF (Delhi), IMD (Delhi) and IITM (Pune), as well as with other organisations in India (e.g., INCOIS in Hyderabad).
All project data will be stored on local disks at the three UK institutions mentioned above, and/or on JASMIN, a collaborative data storage and processing platform hosted by the Centre for Environmental Data Archival (CEDA) at the Rutherford Appleton Laboratory (near Didcot, United Kingdom). 




	
Section Four 
	Standard Compliance Assessment



Please only complete this section once for all Lot submissions under this Call. 

Please respond to all the following questions as indicated.
1. [bookmark: _Toc424196560]Registered Company Details
|_| Please tick this box to confirm that the details below are held on your Met Office eTendering portal registration, they are given below as reference only and do not need to be reproduced within this document.

Note: All information must relate to the company or division that is responding to this ITT except where specified otherwise.
· Full legal name of Company and where applicable Registration Number. 
· Company Status i.e. private or public limited partnership, etc.
· Address of registered office.
· Telephone and fax numbers of registered office.
· E‑mail address of registered office.
· Name and address of Parent Company if applicable.
· Is your organisation a Small or Medium Sized Enterprise (SME)?

2. [bookmark: _Toc424196566]Finance and Insurance
The Met Office requires the following levels of insurance to deliver this contract:
· public liability insurance with a limit of indemnity of not less than ten million pounds (£10,000,000) in relation to any one claim or series of claims arising from the Project; 
· employer's liability insurance with a limit of indemnity of not less than five million pounds (£5,000,000) in relation to any one claim or series of claims arising from the Project;
· Professional indemnity insurance (or equivalent confirmation that the risk can be covered by the organization) with a limit of indemnity of not less than one million pounds (£1,000,000) in relation to any one claim or series of claims arising from the Project.

Please confirm your organisation the level of insurances your organisation holds:

		Public Liability Insurance
	

		Insurer
	

		Limit of Liability
	

		Expiry Date
	



		Professional Indemnity Insurance
	


		Insurer
	

		Limit of Liability
	

		Expiry Date
	



		Employers Insurance
	

		Insurer
	

		Limit of Liability
	

		Expiry Date
	






	Section Five 
	Newton Fund WCSSP Programme Terms and Conditions



Please only complete this section once for all Lot submissions under this Call

Please clearly state the lot number where specific information to an individual lot is provided.

	Pass/Fail
	Compliance with Newton Fund WCSSP Programme Terms and Conditions



Newton Fund WCSSP Programme Terms and Conditions that apply to this work, please see Appendix C.

Please tick the relevant box below to confirm acceptance of the Newton Fund WCSSP Programme Terms and Conditions:

	


Accept			


	


Decline (please indicate any amendments required)

NB: If the Newton Fund Grant WCSSP Programme Terms and Conditions are not met in full, the Met Office may deem the bid to be noncompliant and excluded from the evaluation process.
		



	Section Six 
	Certification Body



Please sign the declaration box for each Lot submitted under this Call

A. CONSORTIUM
I/We the undersigned do hereby certify that:- 

i)	the consortium’s Submission is bona fide and intended to be competitive; 

ii)	the consortium has not entered into any agreement with any person outside the consortium with the aim of preventing Bids being made or asked the amount of another Bid of the conditions or which the Submission is made;

iii)	the consortium has not informed any person outside the consortium other than the person calling for the Bids the amount or approximate amount of the Bid except where the disclosure in confidence of the approximate amount of the Bid was necessary to obtain insurance premium or other quotations necessarily required for the preparation of the Bid;

iv)	the consortium has not caused or induced any person to enter into such an agreement as is mentioned in (ii) above or to inform the consortium of the amount or the approximate amount of any rival Bid for the Grant Award Terms and Conditions.

I/We further undertake that the consortium will not do any of the acts mentioned in (ii), (iii) and (iv) above before the hour and date specified for the return of the Bid.


B. SINGLE BODY SUBMISSIONS
I/We the undersigned do hereby certify that:-

i)	My/our Bid is bona fide and intended to be competitive and I/we have not fixed or adjusted the amount of the Bid by or under in accordance with any agreement or 	arrangement with any other person;

ii)	I/we have not indicated to any person other than the person calling for the Bid amount or approximate amount of the proposed Bid except where the disclosure in confidence of the approximate amount of the Bid was necessary to obtain insurance premium or other quotations necessarily required for the preparation of the Bid;

iii)	I/we shall have not entered into any agreement or arrangement with any other person that they shall refrain from bidding or asked the amount of any Bid to be submitted;

iv)	I/we have not offered to pay or give any sum of money or valuable consideration directly or indirectly to any person for doing or having done or causing or having caused to be done in relation to any other Bid or proposed Bid for the said work any act or thing of the nature specified and described above.

I/we further undertake that, I/we will not do any of the acts mentioned in (i), (ii) and (iv) above before the hour and date specified for the return of the Bid.

Please duplicate signature box for each Lot submission: 

	Lot number:

	

	A (Consortium) or B (Single Body Submissions): 
	

	
For and on behalf of:

	

	
Print name:

	

	
Position Held:

	

	
Signature:

	

	Date:

	



	Section Seven 
	Declaration of Bid Submission



Please only complete this section once for all Lot submissions under this Call


To the Met Office
I/We the undersigned DO HEREBY UNDERTAKE on the acceptance by the Authority of my/our Bid(s) either in whole or in part, to perform the Bid Activities, on such Grant Terms Award and Conditions, as are contained or incorporated in the Call.  I/We agree and declare that the acceptance of this Call by the receipt of a Purchase Oder from the Authority, whether for the whole or part of the Bid Activities included therein, will constitute the Grant Award Terms and Conditions for the supply of such Bid Activities, and, I/We agree to enter into a further agreement for the due performance of the Grant Award Terms and Conditions.

	Lot number(s) applied for: 
	

	
Signed:

	

	Name:
(in block capitals):
	

	Date:

	

	*In the capacity of:
(State official position, i.e. Director, Manager, Secretary etc.)
	

	E-mail address:

	

	Telephone Contact Number:

	



*(It must be clearly shown whether the bidder is a limited company, statutory corporation, partnership or single individual, trading under his/her own or another name, and also if the signatory is not the actual bidder, the capacity in which he/she signs or is employed)









	Appendix A
	Bid’s Commercial Sensitive Information Form (if applicable)



Please only complete this section once for all Lot submissions under this Call

	Named individual who may be contacted with regard to FOIA and EIR.


	Call for Competition Reference and Lot number(s):


	Description of  Sensitive Information:


	Reference(s) of where can be found in Bid:


	Explanation of Sensitivity:


	Details of potential harm resulting from disclosure:


	Period of Confidence (if applicable):
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Appendix B: Research Plan Template



		Met Office Contract Ref:	

		DN394978



		Country: 



		India



		Lot Number:

		1





		Contract Title:    

		Convective-scale regional coupled environmental prediction model evaluation and development



		Bidder Number: 
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[bookmark: _Toc189026872][bookmark: _Toc201380279][bookmark: _Toc526171034]Purpose of Document

This document provides a statement of how and when the Research Plan’s objectives would be achieved, by showing the major products, activities and resources required of the Research Plan





[bookmark: _Toc526171035]Alignment to Newton Fund 

[bookmark: _Toc526171036]ODA Statement

Bids must be compliant within the guidelines of Official Development Assistance (ODA), which underpins the purpose of the programme. 



Please provide evidence below on how the submission meets this requirement. Please note ODA compliance is assessed on a pass/fail rating, a pass rating must be achieved for a proposal to be successful, and may be subject to further clarification. 



Please see the guidance document on ODA compliance and what to include in your ODA statement.



Coupled Air-Sea Prediction of Extreme Rainfall (CASPER)



High-impact weather events in India threaten the lives and livelihoods of its more than one billion inhabitants, as well as key local-, regional- and national-scale infrastructure.  Flooding from intense rainfall damages agriculture, affects the supply of freshwater and the generation and supply of energy, and disrupts transportation facilities, reducing access to medical facilities and inhibiting disaster-recovery efforts.  Floods can be initiated by short-lived extreme rain events, or by longer spells of less-intense precipitation, particularly if the rain falls on very dry or highly saturated soils.  Many extreme rain events in India are linked to organised weather systems, particularly monsoon depressions in summer and tropical cyclones in spring and autumn.  Aside from extreme rainfall and flooding, tropical cyclones also trigger oceanic and coastal hazards, including storm surges, high waves and extreme sea-levels that can destroy coastal developments.  Severe coastal inundation events bring salty oceanic saltwater onshore, ruining freshwater reservoirs and damaging coastal agriculture.  These longer-lasting hazards hinder the ability of coastal communities to recover from cyclone-triggered disasters.



Depressions and cyclones cause substantial damage to India each year.  Perhaps the most infamous is the Odisha Cyclone of 1999, which killed more than 10,000 and caused US$4.5 billion in damages, primarily from storm surges in poorly prepared coastal regions.  While awareness and preparedness efforts have reduced fatalities and damage from subsequent storms, since 2016 Cyclones Roanu (135 deaths, US$2 billion damage), Vardah (47 deaths, US$3.3 billion damage) and Titli (85 deaths, US$900 million damage) presented significant hazards to India.  Depressions during each monsoon season continue to cause local- and regional-scale flooding, forcing thousands from their homes and prompting large-scale rescue efforts.  



Successful prediction of cyclones and depressions, at lead times of several days or potentially a week ahead, would enable local forecasters, emergency planners and decision-makers in India to respond earlier and more effectively to impending cyclones and depressions.  Improved responses may include earlier evacuations of people and assets, as well as advanced positioning of relief resources to provide assistance to affected areas more quickly following a storm.  As most of these cyclones and depressions form and develop over the Bay of Bengal, earlier and more accurate predictions of these high-impact weather systems requires high-resolution numerical weather prediction (NWP) models, which correctly account for the interactions between the atmosphere and the ocean that lead to the development and intensification of these systems.   Such models must also be capable of predicting coupled hazards, for example the influence of high winds on ocean wave height, the influence of oceanic storm surges on land-surface flooding, or the effects of high river discharge following a storm on the ocean.  The scientific challenge of this project is to evaluate and assist in developing a high-resolution, coupled environmental numerical weather prediction model, under development by the Met Office and WCSSP India partners, to enable earlier and more effective warnings of the strength and location of high-impact weather systems over India, including their associated atmospheric, oceanic and land-surface hazards.  Such warnings will promote economic development and social welfare in India by saving lives and protecting livelihoods and infrastructure, for example by reducing damage to transportation-, agriculture- and energy-related resources along coastlines.



Together with the Met Office and our WCSSP India partners, the CASPER project will evaluate case-study re-forecasts of previous depressions and cyclones from the coupled convective-scale NWP model, with particular focus on the hazards associated with these high-impact weather systems.  Convective-scale forecasts offer the potential to improve predictions of extreme rainfall and high winds, including floods that arise from intense precipitation.  Air-sea coupling may improve forecasts through accounting for the effects of Bay of Bengal ocean conditions (e.g., warm ocean surface temperatures) on the track and intensity of weather systems.  CASPER will demonstrate the potential added value of both convective-scale resolution and air-sea coupling, to inform model development priorities for the eventual operational convective-scale coupled NWP model.  Further, CASPER will advance the treatment of land-surface physics related to these high-impact weather systems, including predictions of river flows, inundation along river banks and standing water on the land surface.  CASPER will also investigate the potential benefits of improving the representation of upper-ocean processes in the Bay of Bengal for predicting high-impact weather systems.  We will communicate our conclusions for model-development priorities, and contribute our revised model code, to the Met Office and WCSSP India partners, for potential inclusion in the eventual operational model.



CASPER will achieve its impacts in India primarily through collaborations with Indian scientists, particularly building on our existing collaborations in India with the National Centre for Medium-Range Weather Forecasts, the Indian Meteorological Department, the Indian Institute for Tropical Meteorology and the Indian National Centre for Ocean Information Systems.  CASPER includes two-way visits of scientists between UK and Indian institutions, to enable collaboration and co-development of analysis tools for evaluating forecasts of high-impact weather systems.  These visits will support capacity building for Indian scientists in research methods for evaluating high-resolution coupled models.  We are also willing to conduct joint model evaluation work with Indian partners who use other weather prediction models (e.g., the Weather Research and Forecasting model).  CASPER plans co-authored publications with Indian scientists on the results of our research.  We will also communicate our research results through participation in WCSSP India project meetings and international conferences.  These collaborative research visits, co-designed tools and joint publications will ensure that CASPER research outcomes are translated into operational practice at the Met Office and WCSSP India partners, to enable improved decision-relevant use of weather forecast data for earlier and more effective predictions of the atmospheric, oceanic and land-surface hazards associated with high-impact weather systems in India, thereby saving lives and safeguarding livelihoods and property.



[bookmark: _Toc526171037]Sustainable Development Goals (SDGs)

Please provide evidence below on how the submission will support the UN Sustainable Development Goals. Please identify which UN SDGs will be impacted, and link to specific UN SDG targets. 



Please see section 2.5 of Part 1 for further information about the UN SDGs.



CASPER will support the following UN Sustainable Development Goals:



Goal 1: No poverty, Target 1.5: By 2030, build the resilience of the poor and those in vulnerable situations and reduce their exposure and vulnerability to climate-related extreme events and other economic, social and environmental shocks and disasters


High-impact weather events in India claim lives and cause billions of dollars in damage each year, particularly from events related to monsoon depressions in summer and tropical cyclones in spring and autumn.  Hazards from these extremes include heavy rainfall and flooding, high winds, high river flows, storm surges and coastal inundation, all of which threaten lives and infrastructure.  Those living in poverty have lower resilience to prepare for or respond to these events (e.g., inability to evacuate, little resource to rebuild).  CASPER will evaluate and improve our ability to predict these high-impact weather events with the latest and highest-resolution models, leading to earlier and more effective warnings and responses from local and national agencies in India.



Goal 2: Zero hunger, Target 2.4: By 2030, ensure sustainable food production systems and implement resilient agricultural practices that increase productivity and production, that help maintain ecosystems, that strengthen capacity for adaptation to climate change, extreme weather, drought, flooding and other disasters and that progressively improve land and soil quality.



Hazards associated with tropical cyclones and monsoon depressions can severely damage agriculture, through flooding and high winds, as well as intrusions of oceanic saltwater into freshwater aquifers and agricultural land.  CASPER will evaluate and improve our ability to predict these high-impact weather events with the latest and highest-resolution models, allowing farmers to prepare further in advance of extremes and governments to take earlier and more effective action to mitigate the damage to regional-scale agriculture and food-supply chains (e.g., transportation systems that bring food to markets).



Goal 3: Good health and wellbeing, Target 3.D: Strengthen the capacity of all countries, in particular developing countries, for early warning, risk reduction and management of national and global health risks.



Flooding and storm-surge hazards associated with tropical cyclones and monsoon depressions threaten health infrastructure, such as transportation lines (e.g., for delivery of medicines) and energy supplies required to maintain hospitals and pharmaceutical production facilities.  Coastal flooding may also inhibit drainage of sewage.  Accumulation of standing water on the land surface provides a fertile environment for waterborne diseases, such as typhoid and cholera.  CASPER will enable earlier and more effective warnings of these hazards, to allow humanitarian agencies and local, regional and national governments to deploy resources (e.g., temporary freshwater supplies, emergency generators) to mitigate the health risks from these hazards.



Goal 6: Clean water and sanitation, Target 6.2: By 2030, achieve access to adequate and equitable sanitation and hygiene for all and end open defecation, paying special attention to the needs of women and girls and those in vulnerable situations



As above, flooding and storm-surge hazards threaten access to clean water supplies and sanitation facilities, particularly if oceanic saltwater intrudes into freshwater reservoirs, or if flooding and storm surges reduce the drainage from sewage systems or damage related infrastructure.  CASPER will enable earlier and more accurate warnings of these hazards, to allow humanitarian agencies and governments to prepare and respond more effectively to potential threats to sanitation facilities and drinking-water supplies.



Goal 7: Affordable and clean energy, Target 7.1: By 2030, ensure universal access to affordable, reliable and modern energy services



Flooding, storm surges and high winds associated with high-impact weather systems pose a danger to energy supplies and threaten universal access to reliable energy services.  Less-developed societies may be less resilient to these threats, requiring a longer rebuilding process that could leave affected areas without energy for weeks or months (e.g., in Puerto Rico after Hurricane Maria).  CASPER will enable earlier and more accurate warnings of these hazards, to enable governments and humanitarian agencies to evacuate affected populations in advance of disruptions to energy supplies, or to better position emergency energy resources (e.g., mobile generators).



Goal 9: Industry, innovation and infrastructure, Target 9.B: Support domestic technology development, research and innovation in developing countries, including by ensuring a conducive policy environment for, inter alia, industrial diversification and value addition to commodities.



CASPER will extend our existing collaborations with scientists and weather forecasts in India, using links from our current UK-India joint projects (see Section 7.1).  We will work with our partners to co-develop diagnostic tools to evaluate forecasts of high-impact weather systems, including joint model evaluation of UK and Indian operational models, if our partners are willing.  We have also included funding for two two-month visits of Indian scientists to UK institutions, as well as funding for UK scientists to visit India.  We aim for co-authored publications on the results of our research.  These activities will support the research and innovation sectors in India.



Goal 11: Sustainable cities and communities, Target 11.5: By 2030, significantly reduce the number of deaths and the number of people affected and substantially decrease the direct economic losses relative to global gross domestic product caused by disasters, including water-related disasters, with a focus on protecting the poor and people in vulnerable situations



CASPER will evaluate and improve our ability to predict high-impact weather and associated hazards in India, including hazards such as extreme rainfall, high winds and storm surges that affect urban communities, particularly those along the coast.  Storm surges can cause substantial damage and loss of life in unprepared urban areas (e.g., the Odisha cyclone of 1999 that killed more than 10,000 in eastern India).  Convective-scale weather forecasts will play a key role in mitigating the risks of high-impact weather in urban areas, by providing finer-scale detail on the timing and severity of these hazards.



Goal 13: Climate Action, Target 13.1: Strengthen resilience and adaptive capacity to climate-related hazards and natural disasters in all countries



CASPER will enable earlier and more effective warnings of atmospheric, oceanic and land-surface hazards related to high-impact weather events in India, to strengthen the resilience of Indian communities to these hazards and build adaptive capacity.  Improved knowledge of the performance of forecasting system will build confidence of Indian forecasters and decision-makers in model output, which in turn will lead to improved emergency preparedness and response plans.



Goal 17: Partnerships for the Goals, Target 17.6: Enhance North-South, South-South and triangular regional and international cooperation on and access to science, technology and innovation and enhance knowledge sharing on mutually agreed terms, including through improved coordination among existing mechanisms, in particular at the United Nations level, and through a global technology facilitation mechanism; and Target 17.8: Fully operationalize the technology bank and science, technology and innovation capacity-building mechanism for least developed countries by 2017 and enhance the use of enabling technology, in particular information and communications technology



Embedded within WCSSP India, CASPER will contribute to building a partnership in weather and climate services between the UK and India.  Our project will contribute to UK-India collaborations in science and technology, through co-development of research tools, bilateral exchange visits and participation in project meetings.  Collaborative research topics include joint evaluation of high-resolution weather forecasts from UK and India models, evaluation of land-surface fluxes from Indian convective-scale weather forecasts and understanding the effects of atmosphere-ocean interactions in the Bay of Bengal on the development of high-impact weather systems.  Our collaborations will ensure that our project leads to sustained and long-lasting impact beyond the end of CASPER.

[bookmark: _Toc526171038]Benefits and Alignment to relevant Work Package

The planned work must support project aims and lead to outcomes that will support social welfare and economic development in the partner country and develop international relationships.



Please evidence below on how the submission meets this requirement and whether your approach will develop international relationships.



With respect to the suggested topics and anticipated outputs outlined for Lot 1 in the call document, CASPER will deliver the following benefits [all Milestones (Mx.y) referenced below can be found in Section 4]:



1. Use of novel observations to study air-sea interactions at the convective-scale - with a focus on comparisons with global coupled NWP @10km scale and for specific case studies of monsoon weather hazards.
CASPER will use novel in situ oceanic observations from the Bay of Bengal collected during the Bay of Bengal Boundary-Layer Experiment (BoBBLE) project to evaluate atmosphere-ocean interactions in the convective-scale coupled NWP model, as well as the representation of upper-ocean thermodynamics and dynamics during the passage of high-impact weather systems (M1.9, M1.10, M1.11).  CASPER includes detailed comparisons between the coupled convective-scale NWP model and the global coupled NWP model (10km scale) for predictions of monsoon weather hazards, including monsoon depressions and tropical cyclones, to determine the benefits of convective-scale resolution for forecasting these systems and the associated air-sea coupled processes over the Bay (M2.2, M2.3, M2.4, M2.5, M2.6, M.2.7).


2. Use of convective scale coupled system to understand predictability & processes underpinning hazards - Storm surges (coastal inundation), tropical cyclones, extreme precip and multiple hazards (link to WP3). 
CASPER will evaluate the performance of the coupled convective-scale NWP model for extreme precipitation (M1.2, M1.3); weather-system dynamics, intensity and structure (M1.4, M1.5); river flows and fluvial inundation (M1.6, M1.7); and oceanic hazards including storm surges and extreme sea levels (M1.8).  Additionally, CASPER will use sensitivity experiments with the convective-scale coupled model, as well as comparisons to the global coupled NWP model, to understand the added value of air-sea interactions processes and convective-scale resolution for predicting atmospheric, oceanic and land-surface hazards (M2.2, M2.3, M2.4, M2.5, M2.6, M2.7).  CASPER will also investigate the potential for using time-varying sea level as a boundary condition to river outflow, as a prelude to predicting coastal inundation from multiple hazards (high river flows and storm surges; M3.6).


3. Developments to JULES land-surface hydrology and river routing, linking to ocean in coupled system.   
CASPER will develop a configuration for the latest JULES parameterisations of river flow and inundation at convective-scale resolution (M3.4, M3.5), and will develop the representation of infiltration and standing water during extreme rain events (M3.2, M3.3), using offline simulations driven by output from the convective-scale coupled NWP model.  CASPER will also investigate the effect of JULES river flows on stratification of the upper ocean in the Bay of Bengal, through offline ocean simulations (M3.6).  CASPER will deliver all new and revised code to the Met Office and WCSSP India partners, for potential inclusion in operational model configurations.


4. Developments of JULES land surface hydrology components to provide enhanced capability for extreme precipitation flooding events and bridge gap to more detailed hydrology models – overtopping of rivers, lateral transports etc.
CASPER includes advances in JULES treatments of infiltration and standing water during extreme rain events (M3.2, M3.3), using offline simulations driven by output from the convective-scale coupled NWP model.  CASPER will also evaluate predicted river flows in the convective-scale coupled NWP model, following extreme rainfall associated with monsoon depressions and tropical cyclones (M1.6, M1.7).


5. Undertake research on approaches for implementation of regional coupled ensembles, building on India expertise and Met Office activities in WP1 
CASPER does not address this specifically.  However, we note that several of the CASPER team are involved in a similar activity in the WCSSP Southeast Asia programme and GCRF-Africa SWIFT project, which both focus on the design and value of convective-scale ensemble forecasts; we would be happy to contribute our expertise to WCSSP India as well.


6. Suggestions for pull through of model science developments into UK or Indian Partner modelling systems (ideally Model developments lodged to relevant code trunk). CASPER will deliver advances in JULES representations of infiltration and standing water on the land surface (M3.2, M3.3) and river routing (M3.4, M3.5) at convective-scale, suitable for inclusion into the convective-scale coupled NWP model.  CASPER will also investigate the potential benefit of increased upper-ocean vertical resolution (M3.1), as well as JULES-simulated river outflow (M3.6) for representing upper-ocean processes in the Bay of Bengal during and following the passage of high-impact weather systems.


7. Well tested and documented configuration choices for regional coupled predictions in the Indian region, to be made available to partners 
CASPER will test extensively the advances to JULES treatments of infiltration and standing water (M3.2, M3.3) and river routing (M3.4, M3.5), as well as the effect of increased vertical resolution (M3.1) and river outflows (M3.6), using offline simulations driven by output from the convective-scale coupled NPW model.  We are willing to make our configurations available to the Met Office partners, including all code and associated documentation.  We are also willing to work with the Met Office and WCSSP India partners throughout the project to test new or revised model configurations for prediction of the hazards and case studies identified in our proposal.


8. Assessment of the role of air-sea interaction in the Indian region, potentially across spatial scales, based on observational and model studies. 
CASPER will assess the role of air-sea interactions in the Indian region on the development, track and intensity of high-impact weather systems (M2.1); storm intensity and dynamics (M2.2, M2.3); extreme rainfall and high winds over land (M2.4); oceanic hazards, including sea-level extremes and storm surges (M2.5); atmosphere-ocean interactions over the Bay of Bengal (M2.6) and the diurnal cycle of the upper-ocean and atmospheric convection (M2.7).  Our area of focus is the Bay of Bengal, across spatial scales from the convective scale (1-10km) to the regional scale (100-1000km).  Although CASPER primarily uses model simulations to assess the role of air-sea interactions, CASPER also includes validation of model simulations against in situ data (including BoBBLE observations), satellite analyses and reanalysis products over the Bay of Bengal, including detailed assessment of the surface budgets of heat, freshwater and momentum against best-available observations during the passage of high-impact weather systems (M1.9, M2.6).



9. Design and assessment of case study experiments to understand the impact of model coupling on system performance  
CASPER will evaluate case-study simulations with the convective-scale coupled NWP model to determine the effect of atmosphere-ocean coupling on system performance for monsoon depressions and tropical cyclones, by comparing sensitivity experiments with air-sea coupling disabled to the control simulations with coupling enabled. We have outlined our proposed design of the case study experiments in the Approach and Activity Plan sections.  Our comprehensive assessment includes the effect of coupling on performance for tracks of cyclones and depressions (M2.1); storm intensity and dynamics (M2.2, M2.3); extreme rainfall and high winds over land (M2.4); oceanic hazards, including sea-level extremes and storm surges (M2.5); atmosphere-ocean interactions over the Bay of Bengal (M2.6) and the diurnal cycle of the upper-ocean and atmospheric convection (M2.7).



10. One or more peer reviewed publications 

During the project, CASPER plans to deliver at least one peer-reviewed publication per Activity for Activities 1-3, with further publications highly likely at or shortly after the end of the project (M4.9).



With respect to the Work Package 1 activities and benefits outlined in the call document, CASPER will deliver against the following:


1. Develop a coupled atmosphere-ocean-wave-land convective (km) scale model for the Indian domain, including the Bay of Bengal. 
CASPER will contribute substantially to the development and evaluation of the convective-scale NWP model for the Indian domain, including the Bay of Bengal.  Specifically, CASPER will evaluate the performance of the convective-scale coupled model for atmospheric, oceanic and land-surface hazards associated with monsoon depressions and tropical cyclones (see Activity 1 in Section 4 and Section 6).  CASPER will also contribute to model development by highlighting model biases in these hazards (see Activity 1), demonstrating the potential added value of convective-scale atmospheric and oceanic resolutions and atmosphere-ocean coupling for predicting these hazards (see Activity 2), and developing improved representations of land-surface and upper-ocean processes for potential inclusion in the operational model configuration (see Activity 3).


2. Develop new prediction capability at km scale that couples together the key atmosphere-ocean-wave-land processes important for predicting monsoon hazards from hours to a season ahead. 

CASPER will develop and evaluate new and revised treatments of land-surface and upper-ocean physics, including representations of standing water on the land surface, river routing and river outflow to the upper ocean (see Activity 3).  CASPER will also assess land-surface biases linked to extremes, including heatwaves, and make and implement recommendations for developments to the JULES land-surface model to address these biases (see Activity 1).  CASPER will investigate the roles of coupled atmosphere-ocean, atmosphere-land and land-ocean processes for predicting high-impact weather systems (monsoon depressions and tropical cyclones) and their associated hazards at scales of hours to days ahead (NWP temporal scales; see Activity 2).



CASPER will support social welfare and economic development in India primarily through evaluating and improving the predictions of high-impact weather systems, particularly monsoon depressions and tropical cyclones, that trigger hazards over India, including hazards related to extreme rainfall, high winds, high river flows, storm surges and extreme sea levels.  Earlier and more accurate warnings of these weather systems and their hazards on critical for saving lives and protecting property and infrastructure, through enabling in-country forecasters and decision-makers to take more effective action in preparation for disasters, such as evacuating people, protecting critical systems and positioning resources for relief efforts.  Improved resilience of human and environmental systems to these hazards, including sanitation, freshwater, energy generation and supply, transportation and health systems, will enable greater food, energy and water security for India and its people (see Sections 2.1 and 2.2).



CASPER will develop international relationships with India directly through extending our project team’s existing collaborations with NCMRWF, IMD, IITM and INCOIS (see Section 7.1) and building new relationships with other WCSSP India partners.  We have provided funding within our budget for bilateral visits of scientists between UK and Indian institutions, including two two-month visits of Indian scientists to the UK for collaborative research, as well as attendance at WCSSP India project meetings and international conferences.  We will work together with our partners to develop diagnostic tools to assess high-resolution weather forecasts, including joint model evaluation of UK and Indian models if our partners are willing (see Activity 4).

[bookmark: _Toc526171039]Scope

[bookmark: _Toc526171040]Key Deliverables and/or Desired Outcomes



CASPER has the following key deliverables and desired outcomes:

· K1: A comprehensive evaluation of the performance of the convective-scale coupled NWP for atmospheric, oceanic and land-surface hazards over and near India.  This includes evaluating the tracks, intensities and horizontal and vertical structures of extreme weather systems that move from ocean to land (e.g., tropical cyclones, monsoon depressions); the timing, duration and intensity of high winds and heavy rainfall over land; high river flows and associated fluvial flooding; storm surges and extreme sea levels, as well as the atmosphere-ocean interactions that encourage the genesis and intensification of these systems.

· K2: Assessment of the potential added value of the increased atmospheric and oceanic resolutions and the inclusion of atmosphere-ocean interactions in the convective-scale coupled NWP model, particularly for the atmospheric, oceanic and land-surface hazards identified in K1 above.  We aim to identify mechanisms by, and conditions under which the convective-scale coupled NWP model outperforms existing or trial operational models (e.g., global models, atmosphere-only convective scale models) for predicting high-impact weather events over India,

· K3: New or revised representations of land-surface and oceanic processes in the convective-scale coupled NWP model, through development of schemes for river routing, fluvial inundation and standing water, as well as tests of increased oceanic vertical resolution.  These new or revised physics aim to improve our ability to predict the effects of extreme rainfall on the land surface, as well effects of the eventual heavy flows of freshwater into the sea on upper-ocean stratification and hence on the development of subsequent weather systems.  We will deliver any new or revised code for possible inclusion in the trunk codebase of the relevant models.

· K4: A continued strong and sustained collaboration with WCSSP-India partners, including the Met Office, the National Centre for Medium-range Weather Forecasting (NCMRWF), the Indian Meteorological Department (IMD) and the Indian National Centre for Ocean Information Services (INCOIS).  The CASPER research team have existing strong collaborations with these institutes, through ongoing UK-India joint projects (see Section 7.1).  We will deliver this collaboration through exchange visits of Indian collaborators to the UK -- funding for two, two-month visits of Indian scientists is included in the CASPER budget -- and through visits of CASPER staff to Indian partners following the WCSSP-India annual meetings, funding for which is also included.  We will also apply for further funding for Indian visitors, for example through the NCAS Visiting Scientist Programme or through supplemental WCSSP India calls, should they arise as they have in other programmes (e.g., CSSP-China).  We will work with our collaborators on joint analysis of model and observed data, including comparing the convective-scale NWP model to operational Indian models (e.g., Weather Research and Forecasting simulations run at IMD, NCUM simulations at NCRMWF, Regional Ocean Modelling System simulations at INCOIS).

· K5: At least three peer-reviewed manuscripts in leading international journals, submitted prior to the end of the project, which are identified in the Activity Plan in Section 6.

[bookmark: _Toc526171041]Areas to Consider 

Information about potential dependencies on other activities/organisations involved eg. Data that would need to have access to as part of the research, what historical data would be available to run case studies, complementary In Country skills/knowledge that the Bid would benefit from

· CASPER would benefit from high-quality, station rainfall data for South Asia generally, and India specifically, ideally at sub-daily resolution and interpolated onto a regular grid.  We are aware that these rainfall products exist at partner Indian institutions (e.g., IMD have a gridded station dataset; NCMRWF have a merged satellite-station product).  CASPER does not require these, as we can use existing gauge-based datasets (e.g., APHRODITE) or satellite-derived analyses [e.g., Tropical Rainfall Measuring Mission (TRMM), Global Precipitation Measurement (GPM)].  These data are particularly important for validating forecasts of heavy rainfall from high-impact weather systems from the convective-scale coupled NWP model, as well as from operational models.

· CASPER would benefit from high-quality near-surface mean wind speed and gust data from Indian stations. These data are particularly important for validating forecasts of high wind hazards in the convective-scale coupled NWP model, as well as from operational models.

· CASPER would benefit from access to Indian buoys, moorings and any ship observations (e.g., from INCOIS), ideally with air-sea flux measurements and upper-ocean vertical profiles, to validate the representations of the heat, freshwater and momentum budgets in the Bay of Bengal during the passage of our case-study weather systems.  CASPER does not require these, as we can use freely available mooring data in the Bay (e.g., RAMA moorings) and field data from the Bay of Bengal Boundary-Layer Experiment (BoBBLE), in which the CASPER PI was involved.  However, access to any additional data would improve our assessments of the surface budgets.

· CASPER would benefit from access to Indian tide-gauge data and wave buoy data (significant wave height, wave period, wave direction), ideally at high temporal frequency (hourly or less), to validate the representation of oceanic hazards (e.g., waves, storm surges, extreme sea levels) in the convective-scale coupled and global coupled NWP models.  CASPER does not require these, as we can use satellite altimetry datasets, but station data would improve our ability to validate the convective-scale NWP model closer to the coastline, where storm surges have the greatest impact, and at higher temporal frequency than with satellite data alone.

· CASPER would benefit from access to Indian stream-gauge and river discharge data, ideally at high temporal frequency, to validate the river-routing parameterisations that will be developed during the project.

· CASPER would benefit from partnerships with Indian institutions with expertise in convective-scale atmospheric dynamics, atmosphere-ocean interactions, land-surface processes, physical oceanography and tidal and storm-surge modelling, particularly research groups with expertise analysing in situ datasets related to coupled atmosphere--ocean--land hazards (e.g., storm surges, river flows).  The CASPER team already collaborate with NCMRWF on coupled atmosphere-ocean modelling and land-atmosphere fluxes, and with INCOIS on ocean observations in the Bay of Bengal.  Further collaborations with research groups in India focused on atmospheric, oceanic and land-surface hazards would be useful for our project, to improve the impact of CASPER model evaluation and development research on potential meteorological services for enhancing forecasts of high-impact weather events.

[bookmark: _Toc526171042]Exclusions 

Activities/topic areas that are out of scope of the Bid and which will not be undertaken (may also include things that Bidder would like to do but are not currently in scope)

· Our budget and timeline do not allow us to compare the convective-scale coupled NWP model to operational Indian models, for example the WRF-ROMS coupled TC forecasting system run at IMD, or the ROMS ocean prediction system run at INCOIS.  Such comparisons would help to demonstrate the potential added value of the convective-scale coupled NWP model for high-impact weather prediction in India; these comparisons may also reveal deficiencies in the convective-scale coupled NWP model and identify priorities for further model development.  We are willing to work with WCSSP India partners to conduct joint model evaluation for our selected case studies, for instance through visits of Indian scientists to the UK to work with the CASPER team (see K4 above), but we cannot undertake this work ourselves.

· Our budget and timeline do not allow us to evaluate comprehensively predictions of coupled ocean-land feedbacks (e.g., effect of storm surges on river drainage, influence of river flows on upper-ocean stratification) as most of the technical development resource in CASPER is devoted to improving the parameterisation of river flows in offline land-surface models (see Activity 3).  However, we are willing to test imposing a time-varying sea-surface height in the land-surface model and driving an offline ocean model with predicted river runoff, as preludes to eventually coupling the ocean and land-surface models more closely (see M3.6).

· Our budget and available high-performing computing (HPC) resource limit the number and scope of the forecasts and sensitivity experiments we can perform (see Section 10).  We anticipate that the Met Office will provide convective-scale coupled NWP model simulations of at least two of our priority case studies to address our objectives in Activity 1 (see Section 4).  We also anticipate that the Met Office will perform sensitivity experiments of the effects of atmosphere-ocean coupling to address our objectives in Activity 2 (see Section 4), however we have also a very limited amount of resources on ARCHER available to us through synergies with other projects to allow us to complete our objectives if Met Office HPC is not available for these sensitivity experiments.  In this case, we will only be able to run a small selection of forecasts and sensitivity experiments.

· Our budget and time available for the project mean that we are unable to address the “undertake research on approaches for implementation of regional coupled ensembles, building on India expertise and Met Office activities in WP1” aspect of the call.  However, we note that several of the CASPER team are involved in a similar activity in the WCSSP Southeast Asia programme, on the design and value of convective-scale ensemble forecasts; we would be happy to contribute our expertise to WCSSP India as well.

[bookmark: _Toc526171043]Constraints

Restrictions that affect proposals of the project by imposing limitations such costs, resources or project schedule, which may affect the execution of the Bid.

· The total budget and time available for our project mean that we must employ several post-doctoral research assistants (PDRAs) in parallel, with each working on the project for a shorter duration.  This is further complicated by commitments of these staff members to other projects during the period of CASPER, including commitments to other WCSSP projects on similar themes.  We have mitigated this constraint as best we can by constructing the project timeline so that each PDRA contributes to the project when she or he is available, but this means that deliverable targets are later in the project than they would be otherwise (i.e., deliverables must wait until all milestones are completed, which requires waiting for a contribution from a PDRA with relevant expertise). 

· The lack of HPC resource available to the project means that we are able to analyse only a small selection of case-study simulations and sensitivity experiments.  We are open to working with the Met Office and our WCSSP India partners to analyse further case studies or sensitivity experiments, should HPC resources for those simulations be available.

· The distance to, and time differences with, India constrains our ability to interact with WCSSP India partners.  We will mitigate this constraint through visiting scientist positions, visits to Indian partner institutions and through virtual meetings (e.g., Skype).



[bookmark: _Toc526171044]Approach

Describe how will the work be undertaken, including a definition of methodology that will be used in the project to deliver the work package and call objectives.



Coupled Air-Sea Prediction of Extreme Rainfall (CASPER)

4.1 Introduction and Motivation

The Indian subcontinent is frequently affected by extreme rainfalls during the transition seasons (spring and autumn) and the southwest summer monsoon.  These intense precipitation events cause substantial damage from flash flooding – rapid accumulation of water on the land surface – and landslides, fluvial flooding from high river flows, and for the strongest systems, storm surges and coastal inundation, including intrusions of salt water onto land and into freshwater reservoirs.  While heavy rainfall may be triggered by intense, localised convection, the most predictable events are associated with organised weather systems, mainly monsoon depressions (MDs) and tropical cyclones (TCs; in India often termed Cyclonic Storms, Severe Cyclonic Storms or Very Severe Cyclonic Storms, depending on wind speed).

During the transition seasons, approximately 3-8 TCs per year form in the northern Indian Ocean.  The tracks and intensities of these TCs are highly variable, both from storm to storm and from year to year (Bhaskar Rao and Ashok, 2001), although approximately 75% of northern Indian Ocean storms form in the Bay of Bengal and track either north or west toward the Indian subcontinent (Ganesh et al., 2018).  The northern Indian Ocean is unique among global TC basins in exhibiting a double-peak in its seasonal cycle of TC activity.  TC activity during the summer monsoon is severely inhibited by the strong vertical wind shear associated with the southwest monsoon, which limits TCs to the months before monsoon onset and after monsoon retreat, when Arabian Sea and Bay of Bengal sea-surface temperatures (SSTs) remain warm enough to support TC genesis (e.g., Menkes et al., 2012; Li et al., 2013).  Despite the relatively low frequency of TCs compared to the Atlantic and Pacific basins, northern Indian Ocean TCs are no less destructive: 14 of the 20 deadliest TCs in the satellite era formed in the Bay of Bengal (Longshore, 2008).  Storm surges are a particular risk along the coast of the Bay of Bengal, due to the low and flat topography, shallow bathymetry and the “funnel” shape of the head of the Bay.

In summer, about 2-4 MDs per year form along the monsoon trough (e.g., Boos et al., 2015; Hunt et al., 2016).  MDs must have a surface wind speed between 8.5 m s-1 and 16.5 m s-1; weaker storms are termed Low Pressure Areas (LPAs; Krishnamurthy and Ajayamohan, 2010); stronger storms are TCs.  Most MDs form in the northern Bay of Bengal, then track west or northwest along the trough (e.g., Sikka, 1977).  Planetary-scale anomalies in winds along the trough encourage development of lower-tropospheric cyclonic shear in the northern Bay, across which the background zonal winds often reverse direction (Mishra, 2017).  The interaction of MDs with drier continental air from central Asia can substantially weaken MDs over India and slightly slow their momentum (Fletcher et al., 2018).  While wind speeds in MDs are lower than those in TCs, MDs still bring heavy rainfall and occasionally high winds to central and eastern India, the latter particularly from convective downdrafts.  The estimated contribution of MDs to total precipitation varies considerably from one study to the next, likely due to variations in the area around the MD in which precipitation is ascribed to the MD (e.g., Yoon and Chen, 2005; Hunt and Fletcher, 2019).  Hunt and Fletcher (2019) estimated that 12% of rainfall over India is associated with MDs, rising to 17% over the core monsoon zone in central India.  Oceanic hazards such as storm surges and high sea levels are a far lower risk in MDs than TCs, although oceanic conditions in the Bay of Bengal may still influence the development of MDs, as discussed further below.

Predicting extreme rainfall over India remains a considerable challenge, even with contemporary numerical weather prediction (NWP) models at high resolution with advanced data-assimilation systems (e.g., Routray et al., 2010; Dutta et al., 2019).  Dutta et al. (2019) evaluated the National Centre for Medium-range Weather Forecasting (NCMRWF) configuration of the Unified Model (NCUM) at 12km, 4km and 1.5km resolutions for an MD-associated heavy-rainfall event in northern India in June 2015.  They found that while the 1.5km model improved the location and track of the MD and the intensity of the rainfall, substantial errors remained in the amount and location of precipitation: improvements between the 12km and 1.5km models were only of the order of 25% of the total error in the 12km model.  Hunt and Turner (2017a) provide further evidence for the importance of horizontal resolution for tracks of, and rainfall associated with, seven MD case studies at resolutions from 208km to 16km, although between 39km and 16km resolutions the improvements were marginal at best.  Finer horizontal resolution also improves the simulation of MDs in the MetUM climate model, increasing the number, intensity and precipitation associated with MDs, particularly in northeast India (Johnson et al., 2016).  Few studies have examined the effects of convective-scale horizontal resolutions, however; the resolutions in most previous studies were coarser than the current Met Office operational global NWP configuration (~10km).

The representations of the land surface and atmospheric boundary layer also influence predictions of MDs and their associated rainfall.  Using the Weather Research and Forecasting (WRF) model, Rai and Pattnaik (2019) found that stronger vertical moisture transports out of the boundary layer, into the lower atmosphere, improved predictions of extreme rainfall associated with MDs over continental India.  These transports were stronger in the non-local boundary-layer schemes in WRF, compared to the local schemes.  Assimilating high-resolution (~6km) land-surface conditions into WRF improved re-forecasts of four MDs that caused extreme rainfall over central and eastern India, primarily through adjustments to the low-level circulation over the land surface, rather than through direct changes to the water budget via surface evaporation (Rajesh et al., 2017).  Wetter soils in the monsoon trough region (e.g., from irrigation or from antecedent rains) may also strengthen MDs, which produce more rainfall and move further inland than MDs that encounter drier soils (Hunt and Turner, 2017b).  A key aspect in this interaction with MDs is the amplitude and longevity of the surface flux response when large regions beneath the track become flooded; recent flux observations from India show that daytime sensible heat fluxes can become strongly negative when the land is inundated. Few studies have examined the influence of atmosphere-ocean interactions on the prediction of MDs, however.

While operational TC predictions have improved considerably in recent years with advances in NWP model resolution, dynamics, physics and data assimilation, appreciable errors remain in forecasts of TC tracks (e.g., Yamaguchi et al., 2017; Hodges and Klingaman, 2019) intensities (e.g., DeMaria et al., 2014) and associated rainfall (e.g., Luitel et al., 2018; Peatman et al., 2019).  There are substantially fewer studies of TC NWP skill for the Indian Ocean basin than for the Atlantic or Pacific.  Contemporary NWP models exhibit track errors for Indian Ocean storms that grow at about 40 nautical miles per day of lead time (Belanger et al., 2012).  Track errors of northern Indian Ocean TCs tend to be smaller than those for other basins (Yamaguchi et al., 2017), perhaps due to their often-limited lifetime, the structure of the atmospheric circulation and the geometry of the basin (e.g., the relatively small and confined seas).  Initial position errors tend to be higher in the Indian Ocean, though, likely due to fewer in situ observations by reconnaissance aircraft.  Atmosphere-ocean interactions over the Bay of Bengal influence TC dynamics and intensity.  For example, during the development of TC Nargis, strong salinity stratification in the Bay allowed a sub-surface warm layer to develop, the release of which strengthened the cyclone as it passed over (Yu and McPhaden, 2011).  Conversely, upper-ocean cooling by TC-driven vertical mixing can rapidly cool SSTs in the shallow Bay by several degrees, limiting TC intensification (e.g., Subrahmanyam et al., 2005; Neetu et al., 2012; Girishkumar et al., 2014).  Air-sea coupling in NWP models can improve predictions of TC tracks and intensities, in the Indian Ocean (Srinivas et al., 2015) and in other basins (e.g., Feng et al., 2019).  The effect of air-sea coupling may be greatest at convective-scale horizontal resolutions, when TC intensities are often overestimated (e.g., Short and Petch, 2018).  Climate-model experiments have shown that coupling reduces the number and intensity of Indian Ocean TCs and improves the double-peaked seasonal cycle of TC activity (Lengaigne et al., 2019).  Few studies have quantified the effect of air-sea interactions on TC performance at convective-scale resolution, however, particularly not for the less-studied Indian Ocean.  Still fewer studies have examined the performance of coupled NWP models for oceanic hazards associated with Indian Ocean TCs, such as storm surges and extreme sea levels. Finally, the seasonal peaks in TC activity outside of the main monsoon season coincide with significant soil moisture constraints on land surface fluxes. Under these circumstances, strong spatial and temporal variability in soil moisture affects circulations features across India, with the potential to modulate the impact of TCs over land (Barton et al., 2019).

The challenges associated with predicting atmospheric, land-surface and oceanic hazards associated with TCs and MDs motivate the need for high-resolution, air-sea-land coupled environmental prediction systems for NWP timescales.  Designing such a system, and making it operational, requires rigorous evaluation and continuous development to ensure that it is capable of predicting the hazards associated with high-impact weather systems over India, and ultimately safeguarding lives and property.  We propose to comprehensively assess the Met Office’s prototype convective-scale coupled NWP model for India and contribute to its ongoing development, through analysis of case-study TCs and MDs, including sensitivity experiments and offline simulations to identify sources of model forecast skill, reduce model biases and design and evaluate additional physics.

4.2 Objectives

CASPER aims to evaluate and improve the representation of high-impact weather systems in India in the convective-scale coupled NWP model, including atmospheric, oceanic and land-surface hazards that arise from these weather systems.  Specifically, CASPER will address the following scientific objectives, which are linked to the key outcomes described in 3.1 above:

· O1: Assess the ability of the convective-scale coupled NWP model to predict high-impact South Asian weather events, including associated and multiple hazards over land and ocean.  O1 is linked to K1 and K5.

· O2: Determine the influence of atmosphere-ocean interactions over the Bay of Bengal, including air-sea fluxes and upper-ocean stratification, on the development and evolution of high-impact weather systems that subsequently make landfall over India.  O2 is linked to K1, K2 and K5.

· O3: Evaluate the potential added value of convective-scale oceanic and atmospheric horizontal resolutions on the development of high-impact weather systems, and their associated oceanic and land-surface hazards.  O3 is linked to K2 and K5.

· O4: Investigate revised representations of land-surface, oceanic and land-ocean coupled processes, to contribute to the development of the convective-scale NWP model, including standing water on the land surface and river outflows and their effect on the upper ocean.  O3 is linked to K3 and K5.



4.3 Key features of our approach

There are several key, distinctive features of the CASPER approach that will contribute to the success of our project:

· A comprehensive, coupled evaluation of the convective-scale coupled NWP model, including evaluation of atmospheric, oceanic and land-surface extremes and their interactions.  The CASPER Investigator team has combined expertise in atmospheric, land-surface and oceanic processes, as well as ocean-atmosphere, land-atmosphere and land-ocean interactions.  This expertise allows us to deliver a systematic and comprehensive evaluation of the performance of the convective-scale NWP model, as well as to contribute to the continued development of the coupled system.

· Access to, and experience with, field-campaign observations that we will use to evaluate the convective-scale coupled NWP model, particularly for the July 2016 monsoon depression.  The CASPER Investigator team were involved in two field campaigns that observed the depression, as well as the nearby oceanic conditions during the genesis of the depression.  We have extensive experience in using these observations to evaluate global and convective-scale model forecasts, which will carry over to CASPER to enable us to evaluate the convective-scale coupled NWP model configuration quickly and easily.

· The integration of model evaluation efforts with sensitivity studies and model development in a single, coherent project.  We will not only evaluate the convective-scale coupled NWP model, but propose and evaluate sensitivity studies (e.g., to ocean-atmosphere interactions or land-ocean interactions) that will enable a deeper understanding of the mechanisms that lead to prediction skill for high-impact weather systems and their associated hazards.  We will also conduct offline ocean and land-surface simulations that will allow testing new and revised parameterisations, as well as more in-depth studies of the effects of particular coupled processes (e.g., river outflow to the ocean) that will lead to further development of the convective-scale coupled NWP model.

· Ongoing and established collaborations with Indian partner institutions through our existing UK-India joint projects, including collaborations with the National Centre for Medium-Range Weather Forecasts, the Indian Meteorological Department and the Indian National Centre for Ocean Information Services.  Continuing and expanding these collaborations will allow us to deliver greater value for money in our research, as well as ensure that our research is disseminated to Indian partners and stakeholders.  The CASPER research team has experience of successful international collaborations through CSSP-China, WCSSP Southeast Asia, CSSP-Brazil and other international activities (see Section 7.1).



4.4 Datasets, Simulations and Methods

CASPER will evaluate the performance of the convective-scale coupled NWP for high-impact weather systems over India, including how atmosphere-ocean interactions and horizontal resolution influence that performance.  We will assess forecasts against observations, as well as against sensitivity experiments, using the datasets and analytical tools described below.  We also provide a list of priority case studies and sensitivity experiments, which we recommend the Met Office perform as part of the development of the convective-scale coupled NWP model.  We are willing to consider alternative case studies, following consultation with the Met Office and WCSSP India partners. In addition, CASPER will evaluate the representation of land-atmosphere coupling in the (uncoupled) 4km operational forecasts run by NCMRWF.



4.4.1 Datasets



4.4.1.1 In situ datasets

The CASPER team has access to unique atmospheric and oceanic observations of the 2016 Indian monsoon season, through our involvement in INCOMPASS (Turner is PI) and BoBBLE (Klingaman is Reading PI), including coincident land, aircraft and oceanic observations during the July 2016 monsoon depression (see list of case studies in Table 1 below).  BoBBLE observations include air-sea fluxes, radiosonde profiles, conductivity-temperature-depth (CTD) profiles (for ocean temperature and salinity) and ocean current profits from the Indian R/V Sindhu Sadhana (all sub-daily); temperature, salinity and current profiles from five autonomous gliders (all sub-daily); and temperature, salinity and current profiles from seven Argo floats (daily, though two were collocated and offset in time to provide sub-daily data), three of which were equipped with surface radiometers.  These observations in the southern Bay of Bengal (focused along 8N, mainly in late June and July 2016), combined with the wider network of Argo floats in the Bay and the RAMA moorings, provide an extensive set of oceanic observations against which to evaluate the representation of high-frequency variability in air-sea fluxes and upper-ocean thermodynamic structure, including the diurnal cycle of SST and vertical mixing, in the convective-scale coupled NWP model.



The INCOMPASS field campaign of June-July 2016 (Turner et al., 2018) provided a unique set of airborne and ground-based measurements of the Indian monsoon through its onset and mature phases, including through the passage of a monsoon depression and regimes of intraseasonal variability.  The main foundation of INCOMPASS was data from 22 research flights obtained from the joint NERC/Met Office Facility for Airborne Atmospheric Measurement (FAAM) BAe-146 aircraft, which operated from bases in northern and southern India in the pre-monsoon and monsoon phases.  These data were supplemented by outputs from a network of eight newly installed eddy covariance flux towers in a diverse range of hydroclimatic zones in India, providing outputs of latent and sensible heat fluxes at high frequency.  An intensive series of radiosonde launches was carried out from our supersite in Kanpur (northern India) during July 2016, providing information on the diurnal cycle of atmospheric structure (6-hourly launch frequency).  Meanwhile, INCOMPASS observations were supplemented by full access to the IMD network of radiosonde sites, synoptic data, AWS/ARG and DWR for the duration of the INCOMPASS campaign period.



We will also seek to obtain gridded observed datasets of rainfall and winds from our Indian partners (see Section 5), to validate the intensity, duration and timing of rainfall and high winds over land.  If these data are not available, we will rely on satellite-derived rainfall and synoptic-station wind data described below.  We also aim to use Indian radar data for 2016, obtained through the INCOMPASS project, to validate rainfall over land.



We will look to obtain daily observations of river flow for the major rivers affected by each of the case studies, using publicly-available databases such as the Water Resources Information System for India (India-WRIS) and also through our Indian partners.



Additionally, we will use wind observations from the global SYNOP (Surface Synoptic Observations) station network data available through the CEDA (Centre for Environmental Data Analysis) Archive. There are thousands of SYNOP stations distributed globally resulting in around 60,000 reports a day at hourly, 3-hourly or 6-hourly intervals. The SYNOP data contains observed elements such as weather, cloud, temperature, humidity, wind, visibility, and pressure.



4.4.1.2 Satellite datasets

We will use gridded precipitation datasets to validate the timing, intensity and duration of rainfall in the convective-scale coupled NWP model over ocean, as well as over land if in situ data are not available from our Indian partners.  The choice of validation dataset will depend on the dates of the case studies; our preference is IMERG data due to its higher spatial and temporal resolution, with Tropical Rainfall Measuring Mission Precipitation Analysis (TMPA) multi-sensor data a second choice.



We will also use the Electro - Geostationary Operational Meteorological Satellite (GOMS) No.2 geostationary satellite, the Meteosat Visible and Infrared Imager (MVIRI), and the Meteosat Spinning Enhanced Visible and Infrared Imager (SEVIRI) geostationary satellites as they provide additional information on clouds over India. The Meteosat data are available from https://www.eumetsat.int/website/home/Data/DataDelivery/OnlineDataAccess. We have already obtained imagery from water vapour and infrared channels from the Dundee Satellite Receiving Station webpages prior to their closedown in April 2019, for 1 January 2016 to 31 March 2017 (MVIRI), 23 February 2017 to 31 March 2019 (SEVIRI) and 20 November 2018 to 31 March 2019 (GOMS).



The latest Advanced Microwave Scanning Radiometer (AMSR-2) will provide information on Sea Surface Temperature, Surface Wind Speeds, Atmospheric Water Vapor, Cloud Liquid Water, and Rain Rate as daily 0.25 degree gridded data files. These are available from the Remote Sensing Systems website (http://www.remss.com). In addition, over land, AMSR-2 provides all-weather land surface temperature, soil moisture and vegetation optical depth (available from http://disc.gsfc.nasa.gov).



The Soil Moisture and Ocean Salinity (SMOS) microwave instrument provides data on surface winds and is available from http://www.smosstorm.org. The Soil Moisture Active Passive (SMAP) instrument provides similar data; they are available as daily gridded data from the Remote Sensing Systems website.



Surface winds are also available from the Advanced Scatterometer (ASCAT) instrument from Remote Sensing Systems. Soil moisture from ASCAT is available via Eumetsat and, merged with data from passive sensors, from https://www.esa-soilmoisture-cci.org/.



We will use the Surface WAter Microwave Product Series (SWAMPS; available from https://iridl.ldeo.columbia.edu/SOURCES/.NASA/.JPL/.wetlands/.dailyinundation/.swamps_v3p1) to provide information on the extent of land inundation. We will also investigate whether Indian project partners have additional data, even if only for isolated cases.



4.4.1.3 Operational analyses and reanalyses

We will apply the TRACK software (see below) to Met Office global operational analyses (six-hourly) to identify and track monsoon depressions and tropical cyclones, to validate forecast tracks, as well as to create “observed” storm-relative composites of horizontal and vertical structures (e.g., winds, potential temperature, moisture, moisture fluxes).  This follows our approach in the WCSSP SE Asia FASCINATE project (Hodges and Klingaman, 2019), as well as other previous work (e.g., Hodges and Emerton, 2015).  For higher temporal resolution, we will also use hourly ECMWF Fifth Reanalysis (ERA5) data, although this has a lower spatial resolution than the operational analyses for the period of our priority case studies.



For validating ocean temperature and salinity structures, in addition to the in situ data above we will also use NEMO global analyses, available at 1/12th degree resolution for our case studies from the Copernicus Marine Environmental Modelling Services.  These analyses include assimilation of a variety of surface and deep-ocean data sources, including Argo floats, buoys and moorings.  If the Met Office have run a higher-resolution regional ocean analysis for the convective-scale coupled NWP model domain, we will use that analysis in preference to the global NEMO analysis.



For air-sea fluxes and the net surface budgets of heat, freshwater and momentum, we will compare the convective-scale coupled model to the Objectively Analysed air-sea Flux (OAFlux) dataset for turbulent fluxes, which includes not only the fluxes themselves but the component terms in the computation (e.g., wind speeds, boundary layer temperature and humidity), allowing us to determine biases in each component as well as the total flux.  We will also employ Clouds and the Earth’s Radiant Energy System (CERES) radiative fluxes.  Our ongoing work in the BoBBLE project has found CERES and OAFlux datasets more robust than those based on reanalysis surface fluxes (e.g., TropFlux), particularly for shortwave radiation during recent case studies such as the 2016 monsoon season.  We will use TRMM or GPM precipitation for freshwater input (see above) as well as JULES river runoff (particularly when non-climatological flows are enabled, see Activity 3 below).



4.4.2 Priority case studies and sensitivity tests

The call for proposals, and the Met Office response to a question through the official portal, states that the successful bidder for Lot 1 will have the opportunity to suggest case studies for evaluation of the convective-scale coupled NWP model.  Further, the Met Office confirmed that they would perform simulations on their high-performance computing facility, within reason.  Here, we outline our suggested case studies of high-impact weather events, as well as sensitivity tests and offline simulations, to support the analysis proposed in CASPER.  We are willing to work with the Met Office and with our WCSSP India partners to define these case studies and sensitivity tests further, or to choose other case studies of mutual interest. We note that we have a small amount of HPC resource available to us — through synergies with other projects — to perform some of the sensitivity tests or offline experiments, should there not be enough HPC resource at the Met Office (see Section 10).  We have included funding for support from NCAS Computational Modelling Services (25% FTE over the project) to assist with performing simulations and managing data (see Section 7).



Our suggested case studies are listed in Table 1 below, in priority order.  They include the July 2016 monsoon depression that was observed directly by INCOMPASS, and for which coincident Bay of Bengal ocean observations are available from BoBBLE.  This case study period has been extensively analysed in observations by both projects, as well as in global and convective-scale atmosphere-only MetUM simulations (INCOMPASS) and in global atmosphere-only and coupled NWP simulations (BoBBLE).  CASPER will leverage our experience with this period in observations and forecasts, allowing us to quickly analyse the convective-scale coupled NWP model alongside our existing datasets, which demonstrates value for money.  



Our case studies also include three tropical cyclones, although we appreciate resources may not allow running forecasts of all three.  We prefer Titli (2018) due to the higher resolution of the Met Office operational NWP system and global analyses (N1280, ~10km at 50N) than in 2016 during Vardah and Roanu (N768, ~17km at 50N).  We prefer Vardah to Roanu as it represents an interesting case study of the effect of orography on TC vortex generation (Fine et al., 2016).  We have selected these storms as they cover the two peaks in the seasonal cycle of TC activity (spring and autumn); span a variety of track orientations and landfall positions (Fig. 1); caused storm surges over Indian islands and the subcontinent, which is important for our analysis of oceanic hazards (Activity 1); and caused severe flooding from extreme rainfall, which is important for our tests of land-surface parameterisation developments (Activity 3).  All four systems caused heavy rainfall over land, particularly along the coastlines for the TCs and inland for the monsoon depression (Fig. 1).



Table 1: CASPER priority case studies of a monsoon depression and three tropical cyclones.

		System

		Date

		Region

		Effects



		Monsoon Depression

		30 June - 7 July 2016

		Bay of Bengal, central India

		Heavy rainfall in Madhya Pradesh and East Rajasthan



		Very Severe Cyclonic Storm Titli

		6-12 October 2018

		Andaman Sea, Bay of Bengal, Odisha, Andhra Pradesh, West Bengal

		Heavy rainfall, flooding and landslides in Odisha, gale-force winds.  Estimated US$900 million damage and 85 deaths



		Very Severe Cyclonic Storm Vardah

		3-19 December 2016

		Andaman Sea, Andaman and Nicobar Islands, Tamil Nadu, Andrah Pradesh

		Heavy rainfall and flooding in Andaman Islands and Tamil Nadu, gale-force winds.  Estimated US$3.3 billion damage and 47 deaths



		Cyclonic Storm Roanu

		14-23 May 2016

		Eastern coast of India, Bay of Bengal, Sri Lanka, Bangladesh

		Heavy rainfall and flooding along the eastern coast of India, Sri Lanka and Bangladesh. Estimated $2.0 billion damage and 135 deaths.
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Figure 1:  Accumulated precipitation (mm) within 5° (geodesic) of 6-hourly storm track locations, from TRMM 3B42 gridded precipitation. Tracks are taken from JRA-55 (Roanu, unnamed monsoon depression and Vardah; dark green track) and IBTrACS (Titli; dark red track).  JRA-55 tracks are found using the approach of Hodges (1994, 1995, 1999) and Hodges and Emerton (2015).  Note that IBTrACS tracks storms during their TC phase only so the true accumulated precipitation is higher than shown.



For each case study system, we request a control experiment with the current development configuration (coupled atmosphere-ocean with climatological river flows to the ocean) and two sensitivity experiments.  For all experiments, we request one forecast per day, initialised at 00Z, for the lifetime of the system (see Table 2), run to T+72 hours or the desired operational forecast length for the model, whichever is longer.  We request a domain at least as large as the NCUM domain and the prototype coupled convective-scale NWP configuration (as in the Met Office response to our portal query).  For the sensitivity experiments, for all case studies we request one experiment without atmosphere-ocean coupling, but otherwise identical to the control, to support our analysis of the added value of atmosphere-ocean coupling in Activity 2.  For the monsoon depression, we request a sensitivity experiment with JULES river routing coupled to the ocean (i.e., with predicted rather than climatological river flows) to test the parameterisation in coupled mode and examine the effect of river outflows on upper-ocean stratification.  For the tropical cyclones, we request an offline NEMO simulation without atmospheric forcing, so that we can derive the pure astronomical tide to compute storm surge from the coupled control experiment, and another offline NEMO simulation with only atmospheric forcing (without the astronomical tide), so that we can evaluate the pure storm-induced surge and the tide-surge interaction.  These experiments are summarised in Table 2.



Table 2: Suggested sensitivity tests and offline simulations for the convection-permitting coupled NWP model.

		System

		Start time(s)

		Run length

		Domain

		Sensitivity tests



		Monsoon Depression

		Daily at 00Z 30 June to 6 July 2016

		T+72hrs

		4km resolution

65°E-100°E 3.5°N-40°N

		· Without coupled ocean

· With JULES river flow into ocean



		Very Severe Cyclonic Storm Titli

		Daily at 00Z 6 Oct to 11 Oct 2018

		T+72hrs

		4km resolution

65°E-100°E 3.5°N-40°N

		· Without coupled ocean

· NEMO only (for astronomical tides and atmospheric-only surge)



		Very Severe Cyclonic Storm Vardah

		Daily at 00Z 3 Dec to 18 Dec 2016

		T+72hrs

		4km resolution

65°E-100°E 3.5°N-40°N

		· Without coupled ocean

· NEMO only (for astronomical tides and atmospheric-only surge)



		Cyclonic Storm Roanu

		Daily at 00Z 14 May to 22 May 2016

		T+72hrs

		4km resolution

65°E-100°E 3.5°N-40°N

		· Without coupled ocean

· NEMO only (for astronomical tides and atmospheric-only surge)







4.4.3 Methods



4.4.3.1 Tracking tropical cyclones and monsoon depressions

To identify TCs and monsoon depressions in forecasts and operational analyses, we will apply Co-I Hodges’ well-known TRACK feature-tracking software, which identifies and follows centres of vorticity.  TRACK can apply a wide range of constraints on feature size, structure, intensity, lifetime and distance travelled, to ensure identification of a consistent set of features in each dataset.  TRACK includes the ability to create composite horizontal and vertical structures of features, rotated relative to the direction of propagation (e.g., Catto et al., 2010).  Our previous and ongoing research has applied TRACK to identify TCs in reanalyses and MetUM forecasts (Guo et al., 2017; Hodges and Klingaman, 2019).  In CASPER, we will use TRACK to identify TCs and monsoon depressions in operational analyses, the convective-scale coupled NWP model, sensitivity experiments and operational global forecasts.



4.4.3.2 Analysis of Scales of Precipitation (ASoP) diagnostics

To identify the spatial and temporal scales of rainfall for our case studies, in observations and NWP forecasts, we will apply the “Analysis of Scales of Precipitation” (ASoP) diagnostics (Klingaman et al., 2017).  ASoP computes intensity spectra; two-dimensional histograms of intensity at consecutive temporal intervals, to distinguish between intermittent and persistent precipitation; correlations with space and time, to estimate spatial and temporal scales of precipitation features; and contributions to total precipitation from events in various intensity ranges, to understand how errors in rainfall arise from biases in daily or sub-daily frequency and intensity.  ASoP targets mesoscale and daily or sub-daily features, so it is ideal for analysing the spatial and temporal organisation of precipitation features in monsoon depressions and TCs, in observations and models.  In CASPER, we will apply ASoP to hourly and daily rainfall from ground observations (if available), satellite-derived analyses and MetUM forecasts, to evaluate the spatial and temporal scales of rainfall in forecasts as a function of lead time, including the sensitivity of these scales to horizontal resolution, convective physics and air-sea interactions. 



4.5 Activities



To accomplish our objectives, CASPER is divided into four Activities.  The four Activities described below correspond to those listed in Section 6.  Activities 1-3 contain scientific research to address the objectives (O) above and the key outcomes (K) in Section 3; Activity 4 is a collaboration and project-management Activity.  The methods described below are reflected in the Milestones (M) and sub-Activities/Deliverables (A) listed in Section 6.  A high-level summary diagram is included below (Fig. 1).  The names listed next to the title of each Activity below and in Section 6 are the names of the Investigators primarily responsible, but not solely responsible, for that Activity; we expect other Investigators to contribute as well.  The post-doctoral research assistants will contribute to each Activity, as noted in Fig. 2 and in Section 6.



4.5.1 Activity 1: Evaluation of convective-scale forecasts for India (Klingaman)



Activity 1 addresses objectives O1 and O2, delivers K1 and contributes to the delivery of K4 and K5.  We will assess comprehensively the performance of the convective-scale coupled NWP model for our monsoon-depression and tropical-cyclone priority case studies (see Table 1), including performance for the representation of atmospheric, oceanic and land-surface hazards.  



For atmospheric hazards, we will begin by tracking the tropical cyclones and monsoon depressions in the convective-scale coupled NWP forecasts, using the TRACK algorithm described above (M2.1).  We will also apply TRACK to the operational Met Office analyses, to validate the forecast tracks from the convective-scale coupled NWP model.  The analyses provide track and intensity estimates at similar resolution to the forecasts, which is often a cleaner comparison than using the point estimates from the Best Track dataset; the analyses are also higher-resolution than reanalyses (e.g., ERA-5), which makes them more suitable for comparison to the convective-scale coupled NWP model.  For each case study monsoon depression or TC, we will compute errors in track and intensity (e.g., errors in maximum wind speed and mean sea-level pressure) as a function of forecast lead time, comparing the convective-scale coupled NWP model analyses and Best Track data (M1.1).  We will compare the forecast horizontal and vertical structures of each storm from the convective-scale coupled NWP model against available satellite observations (e.g., GOMS, SEVIRI, MVIRI).  We will also use the TRACK structure-compositing capability to compare the horizontal and vertical structures of the storms against similar composites from operational analyses, although we note that the operational analyses have a coarser resolution than the convective-scale model.  A key research objective is to evaluate changes in storm structure and intensity during storm landfall (M1.5).  We will assess whether the convective-scale coupled NWP model can reproduce the observed weakening of storm dynamics as the storms move from ocean to land.  We will evaluate whether intensity and structure biases differ between the oceanic and land phases of each storm.
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Figure 2: High-level Activity and Milestone summary diagram for CASPER.  The names listed next to the title of each Activity below and in Section 6 are the names of the Investigators primarily responsible, but not solely responsible, for that Activity; we expect other Investigators to contribute as well.  The post-doctoral research assistants will contribute to each Activity, as noted in Fig. 2 and in Section 6.  Details on all Activities and Milestones can be found in Sections 4 and 6



We will also examine the performance of the convective-scale coupled NWP model for rainfall and wind speed predictions, with a focus on the heavy rainfall and high winds associated with each of our case study systems (M1.2).  We will compute errors in system-associated rainfall amount as a function of lead time, using the rainfall-compositing technique we have developed in previous projects (Guo et al., 2017; Peatman et al., 2019) that considers all rainfall within a fixed radius of each point along the storm track to be associated with the storm.  We will also quantify biases in the frequency, intensity and duration of rainfall and wind speed in the convective-scale model, relative to satellite-derived analyses (e.g., TRMM, IMERG) and ground-based observations (if available from Indian partners; see Section 5; SYNOPS are available for winds).  We will apply the ASoP diagnostics to identify the spatial and temporal scales of precipitation features in the forecasts and satellite-derived analyses, including how these scales vary with lead time and how they change as the systems move from ocean to land (M1.3).



For land-surface hazards, we will evaluate forecasts of extreme river flows and fluvial inundation driven by the heavy rainfall associated with each of our case study systems (M1.7).  As the current configuration of the convective-scale coupled NWP model uses climatological river flows to the ocean, we will first develop an offline configuration of the JULES land-surface model, closely modelled on the 4km configuration of the convective-scale coupled NWP model (M1.6).  We will use this offline configuration to perform forced simulations, driven by output from the convective-scale coupled NWP model, for each of our case studies.  The results from these offline simulations will be similar to the river flows that the coupled model would have predicted.  We will evaluate predictions of river flow against available in situ observations (including any data available from partners, see Section 5) and predictions of inundation from SWAMPS. We will investigate the effect of biases in rainfall in the NWP model by repeating the offline runs this time using best estimates of rainfall (e.g. TRMM). As the offline runs are not restricted to the relatively small number of priority case studies for the convective-scale coupled NWP model, we will consider a larger set of events of potential interest across the wider WCSSP India project, such as the Kerala floods in August 2018, using forcing data based on reanalyses and best-estimate rainfall (subject to availability of suitable forcing and evaluation data). These activities will evaluate the current state-of-the-art parameterisations available to JULES and the convective-scale coupled NWP model (i.e., the River Flow Module, RFM, with an optional simple description of overbank flow).



We will further evaluate forecast performance for land-surface conditions and land-atmosphere fluxes over India through quantifying biases in land and atmospheric temperatures in the convective-scale NCMRWF forecast model configuration (NCUM; M1.12).  NCUM uses a similar resolution (4km) and domain as the prototype convective-scale coupled NWP model. Analysis of this model for a single case during the INCOMPASS field campaign revealed rapidly-evolving biases in the monsoon trough linked to the errors in the representation of soil moisture shortcomings (Barton et al., 2019). The proposed work will provide a more comprehensive analysis using a full season of operational forecasts.  We will work with partners at NCMRWF to identify systematic biases in JULES land-atmosphere fluxes related to errors in the treatment of irrigation or in soil moisture.  We will compare NCUM output to ERA5 reanalysis (for atmospheric temperatures), AMSR-2 (for land surface temperatures and soil moisture), SMOS and ASCAT (for soil moisture), as well as to in situ measurements of surface fluxes from INCOMPASS provided by CEH.



For oceanic hazards, we will assess the convective-scale coupled NWP model predictions of sea-level extremes while the case-study systems are over the Bay of Bengal, as well as storm surges when the systems make landfall (M1.8).  We will evaluate these forecasts against available satellite-derived observations (e.g., altimetry), as well as in situ measurements (e.g., tide gauges) if available from project partners.  Computing the storm surge requires an offline ocean-only simulation to obtain the astronomical tide (Zhang et al., 2017), which we will subtract from the coupled NWP simulation to obtain the wind- and pressure-driven surge component.  We will focus on the ability of the convective-scale coupled NWP model to predict the timing, intensity and spatial extent of sea-level extremes and storm surges. To better understand the source of such an ability, we will quantify (a) atmosphere-only induced surge and (b) tide-surge interactions, using (a) atmosphere-forced NEMO simulations and (b) the difference between the pure atmosphere-forced surge and the above-derived storm surge (Zhang et al., 2017). Tide-surge interaction is an important factor for the timing and intensity of sea-level extremes and storm surges at coastal regions (Feng and Tsimplis, 2014). We will also investigate whether the predicted surges are collocated with river basins, which would indicate an increased risk of fluvial flooding and coastal inundation from the reduced ability of rivers to drain into the sea.  As the current coupled convective-scale model does not simulate interactive river outflows, however, we cannot assess performance for these multiple hazards; our results will suggest priorities for further model development to capture this process and the resultant risk to coastal populations.



We will further evaluate forecast performance for air-sea fluxes and upper-ocean stratification in the Bay of Bengal through assessing the surface budgets of heat, freshwater and momentum (M1.9).  Recent research by the CASPER team in the BoBBLE project has shown that the MetUM global coupled NWP model has substantial mean biases in the net surface heat and freshwater budgets, related to the development of dry biases in the Indian monsoon (Valdivieso da Costa et al., 2019).  We will extend this analysis to the convective-scale coupled NWP model, focusing on the evolution of the net surface heat, freshwater and momentum budgets during our priority case studies of monsoon depressions and TCs.  We will compute biases of sea-surface temperature (SSTs), sea-surface salinity (SSS) and each component of the surface heat, freshwater and momentum budget against best-available observations or analyses (e.g., OAFlux for turbulent fluxes and windstress, CERES for radiation, NEMO analyses for SST and SSS).  For the July 2016 monsoon depression, we will compare the convective-scale coupled NWP model against oceanographic and air-sea flux observations from the BoBBLE campaign.  We will evaluate how the passage of high-impact weather systems affects the vertical mixing and stratification in the upper ocean, with an emphasis on the formation of freshwater barrier layers from intense precipitation, and the re-stratification of the upper ocean in the quiescent conditions after the weather system makes landfall (M1.11).  The timescale for re-stratification and surface warming may affect the development of subsequent weather systems along the same track.  Finally, we will evaluate the diurnal cycle of SST in the convective-scale coupled model against high-resolution ocean data assimilation products (e.g., NEMO analyses).  We are particularly interested in whether any improvements in the timing of the diurnal cycle of convection in the convection-permitting coupled NWP model are linked to similar improvements in the timing of the diurnal cycle of SST (M1.10).



Activity 1 will comprehensively assess the convective-scale coupled NWP model for predictions of atmospheric, oceanic and land-surface hazards linked to high-impact weather events over India.  Activity 1 will deliver reports on the performance for atmospheric hazards (A1.1), oceanic hazards and the oceanography of the Bay of Bengal (A1.3), land-surface hazards (A1.2) and the representation of land-atmosphere feedbacks (A1.4).  We expect at least one peer-reviewed manuscript to arise from Activity 1 during the project, with further papers to be submitted at the end of the project or after.



4.5.2 Activity 2: Influence of resolution and coupling on development and prediction of extreme weather and its impacts (Schwendike)



Activity 2 addresses O2 and O3, delivers K2 and contributes to the delivery of K4 and K5.  Activity 2 will demonstrate the potential added value of the convective-scale coupled NWP model for predicting high-impact weather events over India and the surrounding ocean, particularly its inclusion of atmosphere-ocean interactions and its convection-permitting atmospheric and eddy-resolving oceanic horizontal resolutions.  We will demonstrate this potential added value by comparing the convective-scale coupled NWP model to the global MetUM coupled NWP trial configuration, as well as to sensitivity experiments with the convective-scale model that disable atmosphere-ocean interactions (see Table 2).  The comparison to the global coupled NWP model is the cleanest assessment of the added value of resolution possible with available datasets; the comparison to the atmosphere-only sensitivity experiments will reveal the added value of atmosphere-ocean coupling at convective-scale horizontal resolutions.



As in Activity 1, our assessments will focus on our priority case study events of monsoon depressions and TCs.  Each of these systems developed over the Bay of Bengal before making landfall in South Asia, offering the potential for atmosphere-ocean feedbacks to influence the genesis, development and intensification of these systems, and hence for air-sea interactions to influence forecast performance.



For atmospheric hazards, we will begin by tracking each case-study weather system in the global coupled NWP forecasts and the convective-scale sensitivity experiments, using the TRACK software (M2.1).  We will analyse storm horizontal and vertical structure, composited using TRACK and evaluated against satellite products and TRACK-based composites of operational analyses, to determine the effects of atmosphere-ocean coupling and atmospheric and oceanic horizontal resolutions on predictions of storm dynamics.  For the effects of air-sea coupling, analysis will focus on the track and development of the case-study weather systems over the Bay of Bengal (M2.2).  For example, negative local air-sea feedbacks may damp the intensity of weather systems through the cooling effects of wind-driving oceanic mixing and suppressed surface heating of the upper ocean.  Alternatively, the relatively quiescent conditions ahead of the system may warm SSTs, providing stronger surface enthalpy fluxes to intensify the system once it arrives.  For the effects of horizontal resolution, analysis will focus on the hazards during and after landfall, including predictions of high winds and heavy rainfall (M2.4).  Increased resolution is expected to intensify the system; it may also improve the spatial and temporal structures of precipitation features, which we will assess with the ASoP diagnostics, or the frequency, duration and intensity of extreme rainfall.  Air-sea coupling and horizontal resolution may jointly affect the landfall phase of the system, including the changes in storm structures and intensity when the system moves from ocean to land (M2.3).  In particular, more finely resolved coastlines and near-shore topography may alter surface fluxes during the landfall phase.



For oceanic hazards, we will evaluate how atmospheric and oceanic resolutions affect the predictions of sea-level extremes while the case-study weather systems are over the Bay of Bengal, as well as storm surges when they make landfall (M2.5).  We will compare the representation of oceanic hazards in the convective-scale coupled NWP model to that in the global coupled NWP model, emphasising hazards such as waves (if implemented in the coupled model during our project) and surges that are likely to be affected by the hypothesized stronger weather systems in the convective-scale atmospheric model and the ability of the higher-resolution oceanic model to simulate internal and astronomical tides.  To quantify the role of atmosphere-ocean interactions on model performance for oceanic hazards, we will analyse offline NEMO simulations with atmospheric forcing from the atmosphere-only convective-scale NWP simulations.  We will compare sea-level extremes and storm surges predicted by the offline model to those predicted by the convective-scale coupled model, which will reveal how changes in storm track and intensity with coupling affect the prediction of oceanic hazards.



We will further evaluate the potential added value of air-sea coupling and horizontal resolution in the convective-scale NWP model by assessing their influence on the representation of atmosphere-ocean fluxes and upper-ocean stratification in the Bay of Bengal (M2.6).  We will analyse the surface budgets of heat, freshwater and momentum in the global coupled NWP and the atmosphere-only convective-scale NWP sensitivity experiments.  Our ongoing research in BoBBLE shows that, in the seasonal mean, the atmosphere-only global NWP model exhibits stronger biases in surface fluxes (particularly greater shortwave heating) over the Bay and surrounding land, due to the lack of negative feedbacks from SST changes (Valdivieso da Costa et al., 2019).  We will extend these analyses to the CASPER case studies, to evaluate how air-sea coupled feedbacks and horizontal resolution alter the evolution of air-sea fluxes, and the subsequent effects on the upper ocean (e.g., upper-ocean mixing and re-stratification, freshwater barrier layers), as the weather systems pass over.  We will connect changes in the representation of air-sea fluxes and upper-ocean stratification to changes in the structure, track and intensity of the case-study weather systems, identified in M2.2-M2.4.  Finally, we will diagnose the diurnal cycle of SST in the global coupled NWP model and compare it to that in the convective-scale coupled model (M2.7).  As in M1.10, we are particularly interested to connect changes in the diurnal cycle of atmospheric convection between the parameterised-convection and convection-permitting atmospheric models to changes in the diurnal cycle of SST, both in the intensity and the timing of the diurnal maxima and minima.



Activity 2 will demonstrate the potential added value of the convective-scale coupled NWP model for atmospheric and oceanic hazards associated with high-impact weather over India, against alternative configurations of atmosphere-only convective-scale NWP or global coupled NWP.  The comparisons of forecast performance in this Activity will reveal the potential benefits of the increased horizontal resolutions of the atmospheric and oceanic components of the convective-scale coupled model, as well as the representation of atmosphere-ocean interactions.  Activity 2 will deliver reports on the added value for atmospheric hazards (A2.1), as well as oceanic hazards and the oceanography of the Bay of Bengal (A2.2).  We expect at least one peer-reviewed manuscript to arise from Activity 2 during the project, with further papers to be submitted at the end of the project or after.



4.5.3 Activity 3: Contributions to convective-scale NWP model development (Clark)



Activity 3 addresses O4, delivers K3 and contributes to the delivery of K4 and K5.  This Activity will develop and test improvements to the land-surface and oceanic components of the convective-scale coupled NWP model for representing hazards associated with high-impact weather systems over India, particularly in terms of how water from extreme precipitation accumulates on the land surface, is routed into river systems and eventually influences the stratification of the Bay of Bengal.  Correctly predicting the timing, duration and spatial extent of these flooding hazards is crucial for protecting lives and livelihoods during extreme rainfall events.  The effects of river runoff on ocean stratification may influence SSTs and hence the development of subsequent weather systems over the Bay.



For the land surface, we will further develop the 4km offline configuration of JULES (from M1.6) to additionally represent ponding (standing surface water) during intense rainfall.  We will focus on infiltration, ponding and infiltration-excess runoff (i.e., runoff that occurs when the rainfall rate exceeds the infiltration capacity of the soil) although we will be working with a configuration of JULES that can also simulate other sources of excess water (e.g., excess water above soil saturation storage capacity) - a realistic simulation of ponding and runoff during high intensity rainfall events is essential if the model is to predict the high river flows that result from extreme rainfall.  Furthermore, the presence of ponded water in regions affected by MDs will feed-back on the atmosphere via negative sensible heat fluxes for the life-time of the inundation (several days), meaning the development of this parameterisation will leave a legacy that can be exploited in coupled NWP simulations after this project. We will evaluate this revised representation using observed rainfall for the CASPER priority case-study weather systems (see Table 1), as well as with best-available forcing data for other case studies of extreme rainfall (following the pattern of M1.7).  We will validate model forecast river flows using in situ data where available. To assess the extent and lifetime of simulated inundation and standing water, we will use the existing SWAMPS satellite product, but also consider the potential for using ASCAT and/or AMSR-2 data (M3.3).  We will conduct further experiments using forecast rainfall from the convective-scale coupled NWP model; the output from these simulations should be highly similar to the output from forecasts with “online” standing water and hence this analysis will examine the performance of a potential convective-scale coupled NWP configuration with the ponding parameterisation enabled.



We will improve the representation of river routing and fluvial inundation in our 4km offline JULES by further developing the configuration to include a revised parameterization of river routing and inundation (M3.4). For this we will utilise code developments, currently underway in NERC’s Hydro-JULES project, which broadly follow the approach of the CaMa-Flood global river-flow model (Yamazaki et al. 2011) using appropriate simplifications of the shallow water equations. The revised model includes extra physics which, amongst other benefits, allow the simulation of backwater effects which could be significant for larger rivers at the 4km scale. In CASPER we will develop the supporting data (e.g., river flow maps and sub-grid topography) required to utilise the new code in our 4km India configuration, and evaluate this new configuration. We will evaluate the parameterisation by driving the offline JULES configuration with best-available meteorological data (e.g., ERA5, observed rainfall) for the CASPER priority case-study weather systems, as well as for other case studies of extreme weather relevant to WCSSP India (M3.5).  Model-predicted river flows and inundation will be validated against stream gauge data and satellite estimates, augmented by any further data available from project partners; see Section 5). In particular this revised and more physically-correct parameterisation is expected to result in improved prediction of river heights and the extent of inundation when compared to the current state of the art in JULES (as used for M1.7). We will also drive the offline configuration with forecast precipitation from the convective-scale coupled NWP model, as a first step toward a future model configuration with interactive river routing.



To illuminate model-development priorities for coupled land-ocean hazards, we will investigate the effects of ocean-to-land and land-to-ocean coupling on JULES and NEMO for case studies of storm surges into river channels (M3.6).  We will assess the impact on river flow and fluvial inundation of using a time-varying sea-surface height (from NEMO) at the downstream river boundary. We will also investigate how a time-varying sea-surface height along the coasts might be incorporated into the JULES river-routing model, as an initial approach to simulating coastal inundation.  Further, we will assess the influence of JULES-simulated river runoffs on upper-ocean stratification, through offline NEMO simulations driven by output from the revised river-routing parameterisation.  While the research in this Activity holds potential for future model developments to improve the prediction of multiple and coupled hazards, we stress that within the timescale of CASPER we can only investigate these processes in offline simulations, not in fully coupled and interactive forecasts. However, the approach used across the JULES simulations in Activity 3 (e.g., separately using NWP and observed forcing, comparing current and alternative configurations) will allow us to make recommendations as to where future development effort might best be targeted.



We will investigate the added value of increased oceanic vertical resolution on the representation of the upper-ocean stratification of the Bay of Bengal, including the simulated diurnal cycle of SSTs and the vertical mixing and re-stratification of the upper ocean during the passage of high-impact weather systems (M3.1).  While NEMO uses a fine (~1 m) vertical resolution near the surface, the resolution degrades quickly with depth, which potentially degrades the ability to represent variability in mixed-layer depth, the entrainment of sub-surface waters during strong mixing events, the representation of freshwater barrier layers and the timescale for re-stratification by surface heating during the quiescent period after a high-impact weather system passes over.  We will test the effects of finer vertical resolution in offline ocean-only simulations, driven by surface forcing from the convective-scale coupled NWP configuration for CASPER priority case studies.  We will evaluate how vertical resolution affects mixed-layer depth and the thermodynamic structure of the upper ocean, validated against in situ data (e.g., moorings, BoBBLE field observations) and NEMO analyses.  From our analysis, we will make recommendations to the Met Office and Indian partners on the necessary vertical resolution to capture the effects of high-impact weather systems on the Bay of Bengal.



Activity 3 will develop, implement and evaluate new or revised treatments of land-surface and oceanic processes for possible inclusion in the convective-scale coupled NWP model configuration.  Activity 3 will deliver reports on the added value of increased oceanic vertical resolution (A3.1) and the development and validation of revised treatments of infiltration (A3.2) and river-routing and fluvial inundation (A3.3), the latter of which will include recommendations for further model development on land-ocean coupled hazards.  We expect at least one peer-reviewed manuscript to arise from Activity 2 during the project, with further papers to be submitted at the end of the project or after.  We will also deliver all new and modified code to the Met Office, as FCM branches against the relevant model trunk code, for possible inclusion in the trunk and hence in the convective-scale coupled NWP model.



4.5.4 Activity 4: Collaboration and project management (Klingaman)



Activity 4 addresses all project objectives (O1, O2, O3 and O4), delivers K4 and contributes to the delivery of K5.  Activity 4 is a collaboration and project-management Activity.  First, it ensures that CASPER remains a single, coherent and integrated project across the three UK institutions involved, accounting for the contributions of many Investigators and PDRAs at a various points in the project timeline (see “Constraints” in Section 3 and timeline in Fig. 1).  Secondly, it ensures that CASPER develops strong collaborations with the Met Office, with Indian partners and with wider CSSP and WCSSP activities (in WCSSP India and in other programmes).  The CASPER team are involved in a broad range of UK and international research related to weather and climate hazards, monsoons, short-range and sub-seasonal prediction, atmosphere-ocean interactions, tropical convection and model development and evaluation (see Section 7.1).  The Met Office and WCSSP India partners are also involved in much of this research.  The involvement of CASPER staff in these activities, along with participation in international conferences and publication of peer-reviewed manuscripts, will ensure that the results of CASPER research are disseminated broadly across the international community.  Our collaborations and networks will also ensure that CASPER remains at the forefront of scientific research in these areas. 



We will ensure that CASPER remains an integrated project through monthly teleconferences to discuss project progress (M4.1), as well as two two-day project meetings at the University of Reading to share results and plan future research directions (M4.2).  We target January 2020 and September 2020 for these meetings.  We also note that several milestones in the project are lead by Investigators and PDRAs from multiple institutions with differing but complementary expertise, and that several deliverable reports combine contributions from multiple institutions.  This demonstrates our commitment to working together to assess and understand coupled atmosphere-ocean-land hazards for high-impact weather in India, and ensures that CASPER will deliver far more than three smaller, single-institution projects.



We will extend our existing collaborations with the Met Office and Indian partners, and establish new collaborations, by participating in WCSSP India project meetings (M4.3), visiting Indian partner institutions following these meetings for more in-depth discussions of collaborative research (M4.4), inviting our partners to join our teleconferences once per quarter (M4.5) or more frequently if they wish, making funded visiting scientist placements available to Indian researchers (M4.6) and storing our data and code on the JASMIN collaborative analysis platform (M4.7).  For the visiting scientist placements, we welcome the opportunity to work with Indian partners to develop ideas for collaborative analysis relevant to CASPER objectives, including joint model evaluation of UK and Indian operational models for high-impact weather events of interest.  We will continue to collaborate with our visiting scientists after they return to India, to ensure that the projects result in co-authored publications where possible.



We will ensure that our research contributes to the wider WCSSP India programme through participation in project meetings and by building collaborations with other defrayed project.  In particular, we are interested in collaborating with the project on orographic precipitation to analyse atmospheric and land-surface hazards related to extreme rainfall, as well with the project on statistical post-processing to apply their diagnostics to the output of the convective-scale coupled NWP case study forecasts analysed in CASPER.



We will disseminate our research to the wider international community through peer-reviewed publications, international conferences and a project website (M4.8 and M4.9).



At the conclusion of the project, we will deliver a final report that communicates our research outcomes and demonstrates the benefits achieved for the India and the UK (M4.10).



This Activity will deliver a single, coherent and integrated project that provides value for money (A4.1), builds a strong and sustained collaboration with the Met Office and Indian partners (A4.2), contributes to and benefits from international research on South Asian monsoon hazards (A4.3) and meets its research objectives and aligns to international development priorities (A4.4).
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		Dependency Description

		Responsible Owner

		Required Date



		Convective-scale coupled NWP forecasts for CASPER priority case studies (see Section 4, Table 1 for list)

		Met Office

		1 October 2019



		Sensitivity tests disabling air-sea interactions in the convective-scale coupled NWP model, for CASPER priority case studies (see Section 4, Table 1 for list)

		Met Office

		1 March 2020



		Sensitivity tests enabling predicted river flows into the ocean in the convective-scale coupled NWP model, for CASPER priority case studies (see Section 4, Table 1 for list)

		Met Office

		1 March 2020



		Offline NEMO experiments with and without atmospheric forcing, for calculating storm surge from convective-scale coupled NWP model, for CASPER priority case studies (see Section 4, Table 1 for list)

		Met Office

		1 April 2020



		Station or gridded rainfall and near-surface wind (mean and gusts) data for India

		Indian Meteorological Department and/or National Centre for Medium-range Weather Forecasts

		1 October 2019



		Tide-gauge data for India

		Indian National Centre for Ocean Information Services (INCOIS)

		1 April 2020



		In situ data for air-sea fluxes and upper-ocean vertical structure (e.g., moorings, buoys, ships)

		INCOIS

		1 December 2019



		Streamflow data for India

		Possible sources include the Water Resources Information System for India (India-WRIS) and the Global Runoff Data Center.

		1 November 2019



		SWAMPS inundation data

		NASA JPL

		1 November 2019



		Revised routing and inundation code for JULES (for A3.3)

		NERC Hydro-JULES project (led by CEH)

		1 July 2020



		NCUM 4km forecast data

		National Centre for Medium-range Weather Forecasts

		1 October 2019



		INCOMPASS field observations (surface fluxes, aircraft data, radar data)

		Andrew Turner (Co-I on CASPER, PI of INCOMPASS)

		1 September 2019



		BoBBLE field observations (surface fluxes, temperature and salinity profiles)

		Nicholas Klingaman (PI on CASPER, Reading PI of BoBBLE)

		1 September 2019
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The table below presents a summary of all Activities and Milestones, as a Master Deliverable List, in addition to the details in the Met Office-supplied tables below.
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Table 3: Master Deliverable List for CASPER, showing each Milestone and how it contributes to each Activity, as well as the personnel responsible.  Key to personnel: NK – Nick Klingaman, AT – Andy Turner, CH – Chris Holloway, KH – Kevin Hodges, MV – Maria Valdivieso, XF – Xiangbo Feng, WK – Will Keat, JS – Juliane Schwendike, CB – Cathryn Birch, SP – Simon Peatman, LJ – Lawrence Jackson, DC – Doug Clark, TM – Toby Marthews, CT – Chris Taylor, EB – Emma Barton, SF – Sonja Folwell

Identify activities plans for the Research Plan (please add and use as many activity templates as required). Please include any relevant planning assumptions. 



		Activity 1: Evaluation of convective-scale forecasts for India

		Activity No

		1



		This Activity will evaluate comprehensively the convective-scale coupled NWP model, against available observations, for several (2-4) selected case studies of extreme weather events in the Indian region (see Section 4 for our preferred case studies), including atmospheric, oceanic and land-surface hazards.  We will track tropical cyclones and monsoon depressions in the case-study forecasts (M1.1).  To assess the representation of atmospheric convective systems (e.g., tropical cyclones, monsoon depressions), we will compare the horizontal and vertical structures of the systems in the convective-scale NWP model to satellite data (M1.4), focusing on the representation of changes in these structures as the storms move from ocean to land (M1.5).  To evaluate the performance of extreme rainfall and high winds associated with these systems we will compare convective-scale NWP model predicted rainfall to ground-based observations (including Indian radar data, if available from project partners) or satellite-based analyses (M1.2), including using diagnostics that characterise the spatial and temporal scales of sub-daily rainfall features (M1.3). Validation of the land-surface component will focus on hazards from extreme river flows linked to heavy rainfall (M1.6, M1.7), as well as the performance of Indian partner convective-scale forecasts for land-atmosphere fluxes linked to biases in near-surface temperatures, to inform model development (M1.12).  To assess oceanic hazards, we will compare simulated storm surges and extreme sea levels associated with cyclones and depressions to available partner or satellite observations, including the potential for surges to affect river drainage (M1.8).  We will also validate the representation of air-sea fluxes of heat, momentum and freshwater (M1.9), the diurnal cycle of SST (M1.10) and the upper-ocean vertical structure (M1.11) against reanalysis data or satellite-derived or in situ observations, including recent campaign measurements.



This Activity will deliver four reports focusing on evaluation of atmospheric and oceanic hazards (A1.1), Bay of Bengal oceanography (A1.3), land-surface hazards (A1.2) and land-atmosphere interactions (A1.4), which combined will characterise thoroughly the performance of the coupled convective-scale NWP system for extreme weather events and provide critical information to inform further model development.  We expect at least one peer-reviewed paper to be submitted from this Activity during the project, with further papers to be submitted at the end of the project or shortly thereafter.



Assignee: Klingaman





		Objective 1: To assess the ability of a coupled convective-scale NWP model to predict high-impact South Asian weather events, including associated and multiple hazards over land and ocean (A1.1 and A1.2; M1.1-M1.7).

Objective 2: To evaluate coupled, convective-scale predictions of the surface heat, freshwater and momentum budgets over the Bay of Bengal (A1.3, M1.8-M1.11)

Objective 3: To assess the representations of land-surface processes and land-atmosphere feedbacks at convective scale resolution (A1.4, M1.12)



		Key Deliverables:



A1.1: Report on performance of convective-scale coupled NWP model for selected high-impact South Asian weather events, including associated atmospheric hazards (e.g., timing, intensity and duration of extreme rainfall; river flooding and inundation)



		Start and Completion date:



A1.1: 
Start 1 Sep 2019

Complete 31 Mar 2020



		Assignee:



A1.1: Schwendike



		A1.2: Report on biases in land-surface hazards (e.g., river flow) linked to high-impact weather events over India.

		A1.2:

Start 1 Sep 2019

Complete 31 Mar 2020



		A1.2: Clark





		A1.3: Report on performance of convective-scale coupled NWP model for oceanic hazards (e.g., storm surges and sea-level extremes) and air-sea interactions over the Bay of Bengal, including surface heat, momentum and freshwater budgets and upper-ocean structure.

		A1.3:

Start 1 Apr 2020

Complete 31 Jul 2020



		A1.3: Klingaman



		A1.4: Report on biases in land-atmosphere interactions linked to forecasting high-impact weather events over India, including implications for JULES technical developments.

		A1.4:

Start 1 Sep 2019

Complete 28 Feb 2021



		A1.4: Taylor





		Milestones towards deliverables:



M1.1: Track tropical cyclones and monsoon depressions in convective-scale coupled NWP model and operational analyses

		Completion date:



M1.1: 31 Dec 2019

		Assignee:



M1.1: Hodges



		M1.2: Evaluate predictions of heavy rainfall for selected case studies, against available ground-based observations (e.g., Indian radars) and satellite data (e.g., IMERG)

		M1.2: 29 Feb 2020

		M1.2: Keat, Jackson, Turner  



		M1.3: Evaluate spatial and temporal scales of rainfall using analysis of scales of precipitation diagnostics

		M1.3: 31 Mar 2020

		M1.3: Keat, Klingaman



		M1.4: Evaluate the intensity, structure and track of high-impact weather systems against satellite observations

		M1.4: 31 Jan 2020

		M1.4: Jackson, Schwendike, Hodges



		M1.5: Evaluate ability of convective-scale NWP model to reproduce observed changes in storm dynamics and intensity during landfall

		M1.5: 31 Jan 2020

		M1.5: Jackson, Schwendike, Holloway, Birch, Peatman



		M1.6: Develop a 4km offline JULES configuration to evaluate river flow and fluvial inundation when driven by observed meteorology.

		M1.6: 31 Dec 2019

		M1.6: Marthews, Clark



		M1.7: Evaluate predictions of river flow using rainfall from convective-scale NWP model against available observations.

		M1.7: 31 Mar 2020



		M1.7: Marthews, Clark





		M1.8: Evaluate predictions of oceanic hazards (e.g., storm surges and sea-level extremes), including potential for multiple ocean-land hazards (e.g., surges and river flooding), for selected case studies against available observations (e.g., tide gauges, satellite altimetry)

		M1.8: 31 Mar 2020

		M1.8: Feng, Klingaman



		M1.9: Assess surface heat, freshwater and momentum budgets over the Bay of Bengal in the convective-scale NWP model, against available in situ data (e.g., campaign data, buoys, moorings), gridded analyses (e.g., CERES, OAFlux) and reanalyses (e.g., ERA5).

		M1.9: 31 May 2020

		M1.9: Valdivieso, Klingaman



		M1.10: Assess diurnal cycle of SST in the Bay of Bengal in the convective-scale NWP model, including links to the diurnal cycle of atmospheric convection.

		M1.10: 30 Jun 2020

		M1.10: Valdivieso, Holloway



		M1.11: Assess the thermodynamic structure of the upper ocean in the convective-scale NWP model, including mixed-layer depth and formation of freshwater barrier layers from heavy rainfall or river flow.

		M1.11: 31 Jun 2020

		M1.11: Valdivieso, Klingaman



		M1.12: Assess performance of land-surface and impacts on lower atmosphere at convective scale in operational forecasts.

		M1.12: 28 Feb 2021

		M1.12: Barton, Taylor
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		Activity 2: Influence of resolution and coupling on development and prediction of extreme weather and its impacts

		Activity No

		2



		This Activity will demonstrate the potential added value of the coupled convective-scale NWP model over alternative configurations, using case studies of extreme weather events over India, focusing on the effects of increased atmospheric and oceanic horizontal resolution and of atmosphere-ocean coupling.  To test the effects of increased resolution we will compare the convective-scale coupled model to the global coupled NWP configuration. To test atmosphere-ocean coupling we will compare the convective-scale coupled model to the atmosphere-only sensitivity tests (see Section 4 for our suggested sensitivity tests), and the NCUM convective-scale configuration (if available).  We will explore the added value of the convective-scale coupled model for predicting atmospheric, oceanic and land-surface hazards.  For atmospheric hazards, we will compare predictions of the tracks, intensities and horizontal and vertical structures of tropical cyclones and monsoon depressions over ocean (M2.2) and land (M2.3), including how coupling and resolution alter the effects of landfall on storm dynamics.  This requires first tracking these systems in operational and trial model configurations (M2.1).  We will also identify the influences of coupling and resolution on predictions of damaging winds and extreme rainfall over land (M2.4).  For oceanic hazards, we will explore how convective-scale atmospheric and oceanic resolution affect the prediction of extreme sea levels and surges associated with cyclones and depressions (M2.5), including the potential for high sea levels to impede river drainage and lead to coastal inundation.  We will also quantify the effects of resolution and coupling on air sea interactions over the Bay of Bengal, particularly how the passage of extreme weather systems in each model configuration affects the surface budgets of heat, freshwater and momentum, and the stratification of the upper ocean (M2.6).  Finally, we will seek to connect changes in the diurnal cycle of convection with explicit atmospheric convection to changes in the diurnal cycle of SST in coupled models (M2.7).



This Activity will deliver two reports that will reveal the added value of air-sea coupling and convective-scale atmospheric and oceanic dynamics for predicting weather extremes over India, focusing on simulated atmospheric (A2.1) and oceanic hazards and the oceanography of the Bay of Bengal (A2.2).  We expect at least one peer-reviewed paper to be submitted from this Activity during the project, with further papers to be submitted at the end of the project or shortly thereafter.



Assignee: Schwendike





		Objective 1: To determine the added value of the atmosphere-ocean coupled interactions on predictions of high-impact weather over India, at convective scale (A2.1, M2.1-M2.4)

Objective 2: To determine the added value of convection-permitting atmospheric, and eddy-resolving oceanic, resolution for predictions of high-impact weather over India (A2.1, M2.1-M2.5)

Objective 3: To determine the added value of convection-permitting atmospheric resolution, and eddy-resolving oceanic resolution, on the prediction of air-sea interactions and oceanic hazards in the Bay of Bengal (A2.2, M2.6 and M2.7)



		Key Deliverables:



A2.1: Report on the added value of horizontal resolution and atmosphere-ocean coupled interactions on predictions of high-impact weather events, including storm evolution and dynamics during landfall, by comparing convective-scale coupled and atmosphere-only predictions.

		Start and Completion date:



A2.1: 
Start: 1 Mar 2020

Complete: 31 Mar 2021



		Assignee:



A2.1: Birch





		A2.2: Report on the added value of atmospheric and oceanic resolutions for predictions of air-sea interactions (e.g., air-sea fluxes, surface heat, freshwater and momentum budgets) and oceanic hazards (e.g., storm surges, extreme sea  levels) in the Bay of Bengal, by comparing global and convective-scale coupled predictions.

		A2.2:

Start: 1 Sep 2019

Complete: 31 Nov 2020

		A2.2: Klingaman



		Milestones towards deliverables:



M2.1: Track tropical cyclones and monsoon depressions in operational forecasts, convective-scale coupled forecasts and sensitivity tests

		Completion date:



M2.1: 31 March 2020

		Assignee:



M2.1: Hodges



		M2.2: Evaluate effects of horizontal resolution and air-sea coupled feedbacks on storm intensity, evolution and tracks during development phase over ocean.

		M2.2: 31 November 2020

		M2.2: Jackson, Schwendike, Birch, Holloway, Peatman



		M2.3: Evaluate effects of horizontal resolution, air-sea and air-land coupled feedbacks on storm intensity and dynamics during landfall phase and subsequent movement over land.

		M2.3: 31 March 2021

		M2.3: Jackson, Birch, Schwendike, Turner, Holloway



		M2.4: Assess the effects of horizontal resolution and air-sea coupling on predictions of multiple and coupled hazards over land (e.g., high winds, heavy rainfall), by evaluating the convective-scale coupled NWP against operational models.

		M2.4: 30 June 2020

		M2.4: Jackson, Keat, Schwendike, Birch, Holloway, Peatman



		M2.5: Assess the effects of horizontal resolution and air-sea coupling on performance for predictions of oceanic hazards (e.g., storm surges, sea-level extremes), including potential for ocean-land coupled hazards (e.g., storm surges into river basins), by evaluating convective-scale coupled NWP against global coupled NWP.

		M2.5: 30 June 2020

		M2.5: Feng, Klingaman



		M2.6: Evaluate effects of convective-scale atmospheric and oceanic resolutions on the surface heat, momentum and freshwater budgets of the Bay of Bengal, including comparing the convective-scale NWP and operational models against in situ observations and satellite-derived analyses.

		M2.6: 30 Nov 2020

		M2.6: Valvidieso, Klingaman



		M2.7: Evaluate effects of convective-scale atmospheric resolution on high-frequency (e.g., diurnal) SST and upper-ocean stratification, using offline ocean simulations driven by global-scale and convective-scale atmospheric forcing.

		M2.7: 31 Oct 2019

		M2.7: Valdivieso, Holloway









		Activity 3: Contributions to convective-scale NWP model development

		Activity No

		3



		

This Activity aims to improve the representations of the land surface and the ocean, and their interactions, in the convective-scale coupled NWP model.  We will use an offline configuration of the JULES land-surface model at convective-scale resolution over India (M3.2), which will be used to develop a parameterisation of infiltration and standing water (ponding) following extreme or sustained rainfall.  We will test this parameterisation in offline mode (M3.3), forced by best-available meteorology, focusing initially on case studies of tropical cyclones and monsoon depressions used elsewhere in CASPER, but also on other extreme events relevant to work in CSSP-India, such as the Kerala floods of 2018.  We will extend this offline configuration to use revised river routing and fluvial inundation parameterisations for India at convective-scale resolution (M3.4), which ultimately can be incorporated into the coupled NWP model.  We will test these parameterisations, again forced by best-available meteorological data, for selected case studies of tropical cyclones and monsoon depressions, validating river runoff and inundation against satellite estimates or partner data (M3.5).  To provide evidence for model-development priorities for coupled ocean-land hazards, we will use sequential simulations of the land and ocean models to investigate key questions. These will include the effect on oceanic features of using riverflow simulated by JULES rather than climatological flows as input to the ocean model; and using a time-varying sea level as a boundary condition for river routing to simulate the effects of storm surges, including effects from reduced river drainage and direct coastal inundation by the sea (M3.6).  We will explore the effect of increased oceanic vertical resolution on the simulated thermodynamic structure of the Bay of Bengal, using offline ocean simulations driven by convective-scale model output (M3.1). We aim, to evaluate whether the current convective-scale NWP configuration would benefit from additional vertical resolution, particularly during strong mixing and re-stratification events driven by extreme weather systems.



This Activity will produce three reports that document pathways to model improvement in the oceanic (A3.1) and land-surface components of the system, including the representation of infiltration and standing surface water (A3.2) and river routing and fluvial inundation (A3.3).  We will also deliver any model code produced or modified, as FCM branches, for potential inclusion into the relevant model trunk code bases.  We expect at least one peer-reviewed paper to be submitted from this Activity during the project, with further papers to be submitted at the end of the project or shortly thereafter.



Assignee: Clark





		Objective 1: To determine the potential added value of increased oceanic vertical resolution on predictions of Bay of Bengal SST and upper-ocean stratification (A3.1, M3.1)

Objective 2: To develop and validate a representation of land-surface infiltration and ponding from intense rainfall in India (A3.2, M3.2 and M3.3)

Objective 3: To develop and validate representations of river routing and fluvial inundation for India (A3.3, M3.4-M3.6)



		[bookmark: _Hlk7189419]Key Deliverables:



A3.1: Report on the potential added value of increased ocean vertical resolution in the convective-scale NWP model for Bay of Bengal SST and upper-ocean stratification, using offline ocean experiments validated against in situ observations and satellite-derived analyses

		Start and Completion date:



A3.1: 
Start: 1 Jan 2020

Complete: 29 Feb 2020

		Assignee:



A3.1: Klingaman



		A3.2: Report on the effect of revised treatments of infiltration in JULES on predictions of runoff, river flows and ponding, including delivery of modified JULES code for consideration for inclusion in the convective-scale NWP model.

		A3.2:

Start: 1 Jan 2020
Complete: 31 Dec 2020

		A3.2: Clark



		A3.3: Report on the effects of land-ocean coupling and the performance of a revised 4km river-routing and fluvial inundation model for test cases, including possible effects of storm surges on river outflow and inundation.

		A3.3:

Start: 1 Jul 2020

Complete: 31 Mar 2021

		A3.3: Marthews









		Milestones towards deliverables:



M3.1: Perform and evaluate forced-ocean simulations with modified vertical resolution, driven by convective-scale NWP surface forcing, to determine whether finer vertical resolution would improve predictions of Bay of Bengal SSTs and upper-ocean stratification

		Completion date:



M3.1: 31 Dec 2019

		Assignee:



M3.1: Valdivieso, Klingaman









		M3.2: Develop JULES code and an offline configuration to represent infiltration and ponding during extreme rainfall



		M3.2: 31 May 2020 

		M3.2: Folwell, Clark



		M3.3: Evaluate offline JULES configuration for infiltration and ponding, with a focus on CASPER high-impact case studies, including representations of river flow, inundation and standing water.

		M3.3: 31 Dec 2020

		M3.3: Folwell, Clark



		M3.4: Develop JULES configuration including revised parameterisations of river routing and inundation at 4km over India  

		M3.4: 31 Oct 2020

		M3.4: Marthews, Clark



		M3.5: Evaluate new JULES configuration, including revised parameterisations of river routing and inundation,  with a focus on evaluation for CASPER high-impact case studies.

		M3.5: 31 Jan 2021

		M3.5: Marthews, Clark



		M3.6: Investigate the impacts of land-ocean coupling on both land and ocean models, through use of JULES-calculated river flows in NEMO, and NEMO-derived time-varying sea surface heights in the JULES routing model.

		M3.6: 31 Mar 2021

		M3.6: Marthews, Feng, Clark









		Activity 4: Collaboration and project management

		Activity No

		4



		

This Activity will deliver a single, coherent and integrated project across the three UK institutions involved, as well as a strong and sustained collaboration between CASPER and the Met Office and WCSSP India partner institutions, including those partners with whom the CASPER team already collaborate as part of ongoing UK-India joint projects (National Centre for Medium-range Weather Forecasts, Indian Meteorological Department and Indian National Centre for Ocean Information Systems).  We will collaborate with the Met Office and our partners on selection of case-study high-impact weather systems to test the convective-scale coupled NWP model; evaluation of the convective-scale coupled NWP model, including evaluation against Indian operational models, if our partners have resources for such evaluation.  We will share model data, diagnostics and monsoon-depression and cyclone tracking methods with the Met Office and with our Indian partners, so that they remain available to the community beyond the end of CASPER.  We will facilitate project integration and collaborations through monthly teleconferences between the UK institutions involved, quarterly teleconferences involving project partners, two project workshops at the University of Reading, WCSSP India science meetings and bi-lateral visits of UK and Indian scientists to each other’s institutions (funding for which is included in our project budget).  We will also facilitate collaboration through storing our code and data on the JASMIN collaborative analysis platform, to which Indian institutions can gain access.  We will disseminate the results of CASPER research to the international research community through participation in international conferences, through reports and peer-reviewed publications and through a project website.



This Activity addresses all project objectives (O1, O2, O3 and O4), delivers K4 and contributes to the delivery of K5.



Assignee: Klingaman





		Objective 1: To deliver a single, coherent and integrated project across the three UK institutions involved in CASPER (A4.1, A4.4, M4.1, M4.2, M4.7, M4.10)

Objective 2: To continue to develop strong and sustained collaborations of CASPER team with the Met Office and with WCSSP India partners (A4.2, M4.3-M4.7)

Objective 3: To disseminate the results of CASPER research, including collaborative research with Indian partners, to the research and weather and climate services communities in the UK, India and globally (A4.3, M4.8, M4.9)



		Key Deliverables:



A4.1: A single, coherent and integrated project across the three UK institutions involved in CASPER.

		Start and Completion date:



A4.1: 
Start: 1 Sep 2019

Complete: 31 Mar 2021



		Assignee:



A4.1: Klingaman, Schwendike, Clark



		A4.2: A strong and sustained collaboration with Indian partner institutions

		A4.2:

Start: 1 Sep 2019

Complete: 31 Mar 2021

		A4.2: Klingaman, Schwendike, Clark



		A4.3: Dissemination of CASPER research to the global scientific community

		A4.3:

Start: 1 Sep 2019

Complete: 31 Mar 2021

		A4.3: Klingaman, Schwendike, Clark



		A4.4: Final report from project, detailing research outcomes against project objectives and benefits to partner country

		A4.4: 
Start: 1 Feb 2021

Complete: 31 March 2021

		A4.4: Klingaman, Schwendike, Clark



		Milestones towards deliverables:



M4.1: Monthly teleconferences between Reading, Leeds and CEH to discuss project progress and provide input to CASPER monthly progress reports to the Met Office

		Completion date:

 

M4.1: 31 Mar 2021

		Assignee:

 

M4.1: Klingaman, Schwendike, Clark



		M4.2: Two two-day project workshops at the University of Reading to discuss project progress and future research plans

		M4.2: Target January 2020 and September 2020

		M4.2: Klingaman



		M4.3: Participation in WCSSP India meetings

		M4.3: Dates to be determined

		M4.3: Klingaman, Schwendike, Clark



		M4.4: Visits by CASPER staff to Indian partners following WCSSP India in-country meetings

		M4.4: Dates to be determined

		M4.4: Klingaman, Schwendike, Clark



		M4.5: Quarterly teleconferences with WCSSP India project partners

		M4.5: 31 Mar 2021

		M4.5: Klingaman



		M4.6: Visiting scientist placements at UK institutions for Indian scientists

		M4.6: 31 Mar 2021 (target summer and autumn 2020)

		M4.6: Klingaman, Schwendike, Clark



		M4.7: Storage of all data and code on JASMIN for collaborative analysis

		M4.7: 31 Mar 2021

		M4.7: Klingaman



		M4.8: Presentation of research at international conferences

		M4.8: 31 Mar 2021

(target summer 2020)

		M4.8: Valdivieso, Jackson, Barton, Feng



		M4.9: Dissemination of research through peer-reviewed publications, reports and project website

		M4.9: 31 Mar 2021

		M4.9: Valdivieso, Jackson, Barton, Feng



		M4.10: Preparation of final report from project, detailing research outcomes against project objectives and benefits to partner country

		M4.10: 31 Mar 2021

		M4.10: Klingaman, Schwendike, Clark
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Research Plan Roles and Responsibilities



		Required Role

		Name (please advise if to be recruited) 

		Title

		Organisation /institution

		Required Responsibility

		Cost

		Confirmation of payment source (Paid from the grant award / in kind/other funding)



		Principal Investigator

		 Nicholas Klingaman

		Dr

		National Centre for Atmospheric Science

		· Project coordination and leadership

· Leading Activity 1 and Activity 4

· Supervising and line managing Maria Valdivieso, Xiangbo Feng and Will Keat

· Project reporting (e.g., monthly reports)

		 £9,441.20

		FY1 costs are in-kind (paid by NERC Independent Research Fellowship)



FY2 costs are paid from the grant award



		Co-Investigator

		 Andrew Turner

		Dr

		National Centre for Atmospheric Science

		· Co-supervision of Will Keat and Maria Valdivieso

· Contributing INCOMPASS campaign data and simulations

· Contributing Indian radar data

· Leading comparison of convective-scale NWP model with Indian radar data

· Contributing to project reports

		 £9,824.40

		100% of costs are paid from the grant award



		Co-Investigator

		Chris Holloway

		Dr

		University of Reading

		· Co-supervision of Maria Valdivieso and Xiangbo Feng

· Co-supervision of Lawrence Jackson

· Contributing to project reports

· Leading analysis of links between diurnal cycle of SST and diurnal cycle of convection

		 £6,000.67

		100% of costs are paid from the grant award 



		Co-Investigator

		Kevin Hodges

		Dr

		National Centre for Atmospheric Science

		· Tracking of tropical cyclones and monsoon depressions in NWP models and reanalysis data

· Contributing to project reports

		 £6,577.60

		100% of costs are paid from the grant award



		PDRA

		Maria Valdivieso

		Dr

		National Centre for Atmospheric Science

		· Performing analysis of Bay of Bengal heat, freshwater and momentum budgets in NWP models and observations.

· Performing analysis of Bay of Bengal upper-ocean vertical structure in NWP models and observations.

· Performing analysis of the diurnal cycle of SST in NWP models and observations

· Presenting research at conferences and project workshops

· Contributing to project reports

· Leading writing of peer-reviewed manuscripts

		£60,842.04

		100% of costs are paid from the grant award



		PDRA

		Xiangbo Feng

		Dr

		National Centre for Atmospheric Science

		· Performing analysis of oceanic hazards (e.g., storm surges, extreme sea level) in NWP models and observations.

· Assisting with investigations of land-ocean coupled hazards (e.g., storm surges into river basins)

· Contributing to project reports and peer-reviewed manuscripts

· Presenting research at project workshops

		£28,421.49

		100% of costs are paid from the grant award



		PDRA

		Will Keat

		Dr

		National Centre for Atmospheric Science

		· Comparing forecast rainfall to observations (e.g., radar data, station data, satellite analyses)

· Contributing to project reports and peer-reviewed manuscripts.

· Presenting research at project workshops.

		£11,744.07

		100% of costs are paid from the grant award



		Technical Support

		Computational Modelling Support pool staff

		N/A

		National Centre for Atmospheric Science

		· Performing MetUM simulations

· Assistance with data transfer and data management

		£8,069.39

		100% of costs are paid from the grant award.



NB: While the exact person has not been specified, we do not need to recruit.



		Co-Investigator

		Juliane Schwendike

		Dr

		University of Leeds

		· Leading Activity 2

· Supervising and line managing Lawrence Jackson

· Contributing to project reports

· Leading analysis of performance of convective-scale NWP model for selected high-impact South Asian weather events

		£13,742.00

		100% of costs are paid from the grant award



		Co-Investigator

		Cathryn Birch

		Dr

		University of Leeds

		· Supervising Lawrence Jackson

· Contributing to project reports

· Leading analysis of the added value of horizontal resolution and atmosphere-ocean coupled interactions on predictions of high-impact weather events

		£13,337.00

		100% of costs are paid from the grant award



		Co-Investigator

		Simon Peatman

		Dr

		University of Leeds

		· Contributing to scientific discussions and interpretation of results

· Contributing to project reports

		£3,502.00

		100% of costs are paid from the grant award



		PDRA

		Lawrence Jackson

		Dr

		University of Leeds

		· Performing analysis into the storm dynamics in atmosphere only simulations and those from the environmental prediction system

· Contributing to project reports and peer-reviewed manuscripts.

· Presenting research at project workshops.

		£88,201.00

		100% of costs are paid from the grant award



		Co-Investigator

		Douglas Clark

		Dr

		Centre for Ecology and Hydrology

		· Leading Activity 3.

· Supervising Folwell and Marthews.

· Leading evaluation of current river flow scheme.

· Leading development and analysis of infiltration in JULES.

· Contributing to project reports and papers.

		£15,985.81

		100% of costs are paid from the grant award



		Co-Investigator

		Christopher Taylor

		Dr

		Centre for Ecology and Hydrology

		· Leading analysis of land-atmosphere interactions.

· Supervising Barton.

· Contributing to project reports and papers.

		£15,444.55

		100% of costs are paid from the grant award



		Co-Investigator

		Toby Marthews

		Dr

		Centre for Ecology and Hydrology

		· Leading use and evaluation of improved river routing code, and evaluation of land-ocean interactions.

· Developing and using offline JULES configuration to evaluate river flow and inundation.

· Contributing to project reports and papers.

		£40,526.43

		100% of costs are paid from the grant award



		PDRA

		Emma Barton

		Dr

		Centre for Ecology and Hydrology

		· Analysing land surface behaviour and land-atmosphere interactions.

· Contributing to project reports and papers.

		£29,513.51

		100% of costs are paid from the grant award



		PDRA

		Sonja Folwell

		Ms

		Centre for Ecology and Hydrology

		· Developing the treatment of infiltration in JULES and analysis of related runs.

· Contributing to project reports and papers.

		£22,376.57

		100% of costs are paid from the grant award
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The CASPER project team combines expertise in atmospheric, oceanic and terrestrial processes relevant for evaluating and improving predictions of high-impact weather systems over India and their associated hazards.  Of particular note are our skills in convective-scale atmospheric dynamics, oceanic hazards, air-sea and air-land coupled processes and land-surface physics.  The team has a sustained track record of model development and evaluation, including a successful history of working collaboratively with the Met Office and overseas partners to validate and improve the Unified Model.  The team have extensive experience of successfully delivering CSSP and WCSSP projects, as well as working with Indian partners on previous and current UK-India joint projects.  Our skills and expertise will ensure CASPER delivers on its ambitious research programme.



Please note that CVs are included with the bid submission for all named staff.



The National Centre for Atmospheric Science (NCAS) is one of the Natural Environment Research Council’s research centres and is a world leader in atmospheric science.  The Centre increases knowledge of key environmental issues including: climate change, weather processes, atmospheric composition and air quality.  Through the Atmospheric Measurement Facility (AMF), the Centre maintains a unique range of atmospheric instrumentation as part of its mission to provide national capability of observing the atmosphere for the UK. NCAS Computational Modelling Services (CMS) supports use of the MetUM within the UK academic community and has considerable experience in developing MetUM configurations with large computational domains and handling high data output from the resulting simulations.  The NCAS-Climate Tropical Group has internationally recognized expertise in monsoons, tropical convection, tropical cyclones, air-sea interaction, the Madden-Julian oscillation and convectively coupled equatorial waves.



The Department of Meteorology at the University of Reading (UoR) is one of the largest of its kind in Europe; it carries out internationally leading research on physical and dynamical processes in the climate system across temporal and spatial scales from cloud microphysics to global climate change.  In the 2014 REF, 86% of our research was graded as world leading or internationally excellent.  UoR is a formal Academic Partner of the Met Office and hosts about 20 Met Office scientists.  The Department of Meteorology hosts the Climate Directorate of NCAS as well as NCAS-CMS (Computational Modelling Services).



Dr Nicholas Klingaman (PI, NCAS) is a Principal Research Fellow in the NCAS-Climate Tropical Group.  He holds a NERC Independent Research Fellowship on the role of air-sea coupled interactions in sub-seasonal climate variability, including monsoon active-break cycles and tropical cyclones.  He leads the development of the Global Ocean Mixed Layer configuration of the Met Office Unified Model, which he has used for process-oriented studies of the roles of air-sea coupling in monsoon variability (Klingaman et al., 2011; Peatman et al., 2018), tropical cyclones (Feng et al., 2019), the MJO (Klingaman and Woolnough, 2014) and tropical extreme rainfall (Hirons et al., 2018).  He is PI or Co-I of three CSSP projects [PERCHANCE (water cycle) and COSMIC (convective-scale modelling) in CSSP-China, DUBSTEP (sub-seasonal variability) in CSSP-Brazil)] and was PI of two past projects [(DREAM (water cycle) in CSSP-China, FASCINATE (air-sea interactions in tropical cyclones in WCSSP-SE Asia)], which combined have produced 15 peer-reviewed publications on variability and extremes in regional water cycles.  He leads the modelling component of the NERC/India joint Bay of Bengal Boundary-Layer Experiment (BoBBLE), which includes evaluation of MetUM air-sea coupled NWP reforecasts of the 2016 monsoon season against operational weather predictions, as well as a variety of ocean-only experiments to target mixed-layer processes in the Bay.  He co-led the “Vertical structure and diabatic processes of the MJO” international model intercomparison project, with a focus on sub-seasonal predictions of tropical convective heating and moistening profiles. He has 48 publications (24 since 2017) with an h index of 16.



Dr Andrew Turner (Co-I, NCAS/UoR) is an Associate Professor in Monsoon Systems, a joint position between the Department of Meteorology and NCAS, with more than 15 years’ experience in climate modelling and analysis.  Modelling work during his PhD demonstrated the impact of mean-state model biases in the equatorial Pacific Ocean on the monsoon-ENSO teleconnection, suggesting that these errors inhibit predictability (Turner et al., 2005).  His PhD has been followed by a project he led under India’s Monsoon Mission, in understanding errors in forecasting the mean monsoon and its onset in the Met Office seasonal prediction system GloSea5 (Johnson et al., 2016; Chevuturi et al., 2018).  Work led by Turner in the Met Office/NERC JWCRP Modelling Monsoon Systems project has demonstrated the sensitivity of Asian monsoon convection to parametrization and resolution (Bush et al., 2015; Johnson et al., 2016).  On climate change, during his NERC Fellowship, Turner led a major review for the monsoon in the Asian region (Turner and Annamalai, 2012).  Subsequent work under a NERC Changing Water Cycle (South Asia) project has used comparisons of CMIP5 model data and bespoke MetUM experiments to examine the relative roles of greenhouse gas and anthropogenic aerosol drivers on past variability in the Asian monsoon (Guo et al., 2015; 2016).  Turner also played a role in a major climate model assessment of Asian monsoon behaviour in CMIP5 and CMIP3 models (Sperber et al., 2013).  Dr Turner’s experience in climate model analysis has led to his selection as a Lead Author for Working Group I: The Physical Science Basis of the IPCC Sixth Assessment Report.  Most recently, Turner has led the joint UK-India INCOMPASS project, featuring the first campaign of a foreign research aircraft in India, alongside other ground measurements and associated modelling at the convective scale (4.4 km and 1.5 km).  Results from INCOMPASS have already led to a new paradigm for the monsoon onset there (Parker et al., 2016; Menon et al., 2018), and for the importance of detailed convective-scale interactions with orography (Fletcher et al., 2019) and with mesoscale patterns of soil moisture, leading to important land-atmosphere coupling (Barton et al., 2019).



Dr Xiangbo Feng is a Research Scientist with NCAS-Climate. His current research focuses on understanding the sources of predictability for tropical cyclones in the West Pacific, as well as improving the ability of numerical weather prediction models to forecast tropical cyclones and associated extremes, from the perspective of air-sea coupling. Since January 2018, he has worked on the WCSSP SE Asia FASCINATE project and the CSSP China PERCHANCE project. This has resulted in a submitted paper on effects of air-sea coupling on tropical cyclone predictions in the West Pacific, and another paper in preparation on seasonal predictions of tropical cyclones and the relationship of seasonal skill to large-scale teleconnections (e.g., to the El Nino-Southern Oscillation). He also recently worked on the effect of atmosphere-ocean interactions on the coupled climate reanalysis.  He has evaluated the strengths and weaknesses of the ECMWF state-of-the-art coupled reanalysis system compared to the operational uncoupled reanalysis system, including how air-sea coupling improves the representation of tropical atmospheric climate and its variability, and how coupling amplifies equatorial ocean biases. Previously, he worked extensively on sea-level extremes (including waves) through analysing observational records and also running numerical models. He has published 16 papers, including 11 papers as first author, as well as one first-authored book chapter and one co-authored book.



Dr Christopher Holloway studies the organization of convection and its interaction with the large-scale environment. He has extensive experience using observations and regional models to study the interaction between tropical convection and its environment and how to improve the representation of convective processes in models. For instance, Holloway and Neelin (2009) used an observationally based analysis of the vertical structure of moisture over Nauru to link entrainment to the strong moisture-precipitation relationship and has more than 150 citations. Christopher has contributed to further publications using high-resolution convection-permitting MetUM regional simulations to understand interactions between tropical convection and large-scale phenomena (such as the MJO) to identify biases in coarser-resolution MetUM simulations and processes that may lead to those biases (Holloway et al., 2012, 2015); and studying fundamental processes leading to self-organization of tropical convection in observations (Tobin et al., 2013; Stein et al., 2017; Holloway et al., 2017) and models (Holloway and Woolnough, 2016; Holloway, 2017). Christopher is a Co-I on RevCon, which is part of the joint NERC-Met Office ParaCon project and seeks a step change in convective parameterisation. He is also a Co-I on four WCSSP projects: a project linking tropical waves to high-impact weather in SE Asia, the FORTIS project providing training for forecasters in SE Asia, the FORSEA project evaluating convection permitting forecasts of high-impact weather (for which he is Reading PI) and the DUBSTEP project investigating subseasonal variability and high-impact weather in Brazil. Christopher also co-supervised a PhD student who studied mechanisms leading to extreme rainfall over Peninsular Malaysia; he is currently co-supervising a PhD student studying biases in the Maritime Continent in climate models.



Dr Kevin Hodges has conducted research over the past 25 years into high impact weather systems in the areas of climate and Numerical Weather Prediction (NWP). During this period, he has developed the TRACK analysis system that can be used to identify and track a wide range of weather systems, and produce spatial statistics, storm centred composites and NWP weather system error analysis. Dr Hodges has been involved in several CSSP projects. He was a Co-I on the CSSP FOREX project, contributed to the MESETA project and was a Co-I on the FASCINATE.  He is currently Co-I on the SE Asia “Waves” project and PERCHANCE. Dr Hodges has also previously worked on the XWS and WISC windstorm projects and is currently involved in the follow-on COPERNICUS SOS windstorm project. The work with TRACK contributes to these projects and has contributed to many publications. The TRACK program is used worldwide in a variety of academic institutes, government organisations and commercial organisations.



Dr Maria Valdivieso has worked extensively on global ice-ocean reanalyses and reanalysis evaluations, including running reanalyses at ECMWF and publishing reanalysis data with GMES Marine Core Services as part of EU-funded projects such as MyOcean. She has worked on the Ocean Reanalysis Intercomparison Project (ORA-IP) under the internationally coordinated effort promoted by CLIVAR-GSOP (CLIVAR Exchanges no. 64).  In addition, she has been involved in other international collaborations, including the CMIP6/OMIP analysis, the CLIVAR Ocean Heat Content and OMDP working groups, the ESA TIE-OHF (Towards Improved Estimates of Ocean Heat Flux) project, and a work package leader on a EU COST action EOS (Evaluation of Ocean Syntheses). She is currently based in NCAS working on BoBBLE, supervised by PI Klingaman, focusing on understanding how air-sea coupling affects prediction skill for Indian monsoon rainfall in global MetUM weather forecasts. Specifically, she has been looking at MetUM re-forecasts for summer 2016 using three configurations (atmosphere-only NWP, NWP coupled with NEMO ¼ o and NWP coupled to 1-D KPP ocean), examining surface forcing biases and lagged correlations at subseasonal timescales, and making comparisons with satellite-based products and atmospheric reanalysis. In this project, she will mainly contribute to analyses of air-sea coupled feedbacks in the Bay of Bengal for case studies, including assessing the surface budgets (for heat, water and momentum) as well as the diurnal cycle of SST/convection in the different forecasts against available observations.



Dr Will Keat has expertise in evaluating high-resolution forecasts of rainfall using weather radars, particularly over southern Africa, stemming from his work on a Weather Science for Services Partnership-South Africa (WSSP-South Africa). This work focused on evaluating the physical representation of convective storms and their rainfall in 1.5 km and 300 m simulations of the Met Office Unified Model, including the study of biases in the timing of convective initiation and storm lifecycles. He also has expertise in dual polarisation radar and its applications, having developed a novel retrieval technique to improve estimates of rainfall rate as part of his PhD. He is currently working at NCAS on the Enhanced Seasonal Climate Applications for Predicting Extremes (ESCAPE) project, developing and implementing an algorithm for weighting multi-model forecasts that accounts for historical skill and reliability for temperature and rainfall extremes.



The Institute for Climate and Atmospheric Science (ICAS) at the University of Leeds (UoL) conducts internationally leading research on the physical processes governing atmospheric and climate systems, with a long track record of using field measurements to develop a range of models, including MetUM.  We have a formal partnership with the Met Office, with Met Office staff working at Leeds.  ICAS has a strong track record on tropical weather and climate research (e.g., leadership within AMMA, Cascade, TerraMaris, INCOMPASS, Fennec and a range of WCSSP projects over China, Brazil and SE Asia).  ICAS hosts the Directorate of NCAS and the Leeds component of the NCAS Atmospheric Measurement Facility (AMF).



Dr Juliane Schwendike (UoL) has worked on convection in the tropics for the last 13 years.  Her research includes investigating the boundary layer and inner core dynamics of TCs, the predictability of TCs in global and convection-permitting ensemble simulations, the link between African easterly waves and convection, the large-scale local Hadley and Walker circulations, and the impact of the MJO on these circulations.  Juliane is PI of the WCSSP SE Asia projects on tropical cyclones, vertical structures, FORecasting for SouthEast Asia (FORSEA), and Forecaster Training in Southeast Asia (FORTIS).  Juliane was the PI of the CSSP China project on investigating the representation of the East Asian monsoon in convection-permitting MetUM simulations. Additionally, Juliane is Co-I and work package leader of the GCRF African SWIFT project.



Dr Cathryn Birch (UoL) is a tenure-tracked University Academic Fellow in atmospheric science, funded partly by the Met Office.  Her research involves process study within dynamical meteorology and in high-resolution modelling of weather and climate.  She specialises in tropical convection, scale interaction within monsoon systems, mesoscale circulations and the diurnal cycle.  Much of her work has involved confronting models with observations to diagnose biases in processes and the use of models to forecast and understand high impact weather and flooding.  Recently her work has focused on SE Asia and India.  She is a Co-I of the NERC large-grant TerraMaris, the WCSSP SE Asia Vertical Structures project, the WCSSP SE Asia Tropical Cyclone project, the WCSSP SE Asia FORecasting for SouthEast Asia (FORSEA) project, two GCRF projects on tropical climate and weather forecasting and is PI of a UK pluvial flood forecasting project (iCASP).  She has won two international prizes: the Royal Meteorological Society L F Richardson Prize and the European Meteorology Society Young Scientist Award for her work on tropical convection.



Dr Simon Peatman (UoL) is a post-doctoral researcher whose research focuses on tropical variability and climate modelling.  He has recently carried out research on the Indian summer monsoon and its intraseasonal variability, in particular investigating the impact of air-sea coupling in the Bay of Bengal; and on the predictability of precipitation due to tropical cyclones in Met Office forecasts.  He has also published papers on the MJO and diurnal cycle of convection over the Maritime Continent, and the effect of convective entrainment on the simulation of equatorial waves.  Simon is the post-doc on the WCSSP SE Asia Vertical Structures project and the UoL post-doc on TerraMaris.  He has previously been a post-doc on FASCINATE; the Bay of Bengal Boundary Layer Experiment (BoBBLE); and Fundamental Influences of Large-Scale Wave Dynamics on Tropical Weather Systems at the University of Reading.



It has been identified by the University of Leeds that Dr Lawrence Jackson would be suitable for the research outlined for the PDRA Leeds, and he is interested in the opportunity. For this reason, we have based the costing on his salary. However, to ensure the University meets its obligations as an equal opportunity employer, the post will need to be advertised through internal redeployment and Lawrence will be encouraged to apply.



Dr Lawrence Jackson (UoL) is a research fellow at the University of Leeds working on the Future Climate For Africa (FCFA) project, AMMA-2050, and immediately prior to that worked on the FCFA IMPALA project.  He has 7 years of experience in postdoctoral research and 13 peer-reviewed publications including 5 as lead author.  His research has used global and regional scale climate model simulations to investigate the response of climate to global warming, geo-engineering inventions and the dependence of climate on the representation of convection in climate models.  Lawrence’s research focus on the AMMA-2050 project is the West African Monsoon.  In particular, on the changing relationship with the Saharan heat low under climate change and characterisation of drivers of extreme rainfall and storms in future climate.  His research focus on the IMPALA project was the response of the tropical rain-belt over Africa to climate change and the impact of convectively coupled Kelvin waves, in current climate, on African rainfall and dynamics.  He has also been responsible for developing and coding the haboob parameterisation in the Met Office Unified Model (UM) for implementation in runs as part of IMPALA and is PI on a small FCFA gap fill funding project, Vegflux, mentored by Dr John Marsham.



The Centre for Ecology and Hydrology (CEH) is the UK’s Centre of Excellence for integrated research in terrestrial and freshwater ecosystems, including land-atmosphere interactions. As part of UK Research and Innovation (UKRI), we provide innovative, independent and interdisciplinary science and long-term environmental monitoring. CEH’s mission is to deliver independent research, training and knowledge exchange in the environmental science. This helps advance knowledge of planet Earth as a complex, interacting system. CEH works closely with the Met Office in a range of activities including leading the development of the JULES land surface model and in the UKEP project; it also leads or participates in several projects in CSSP-China and CSSP-Brazil.



Dr Douglas Clark (CEH) is a land surface modeller with more than 20 years’ experience of using and developing land surface and atmospheric models. In recent years his research has focussed on improving the representation of hydrology and biogeochemistry in the JULES land surface model. He has been closely involved in the technical and scientific development of the JULES model since its inception; he has contributed many developments to the code base. He is PI of the RIVERS-Brazil project in CSSP-Brazil which is evaluating and improving aspects of the river hydrology of JULES; he is a Work Package leader in NERC’s Hydro-JULES project, within which he also manages a task on river routing and inundation. He is also CEH PI on the UKESM project and the QUINTUS Large Grant. 



Dr Toby Marthews (CEH) is a terrestrial ecologist and hydrologist with 11 years of postdoctoral research experience in climate change research. Major projects include Hydro-JULES, HydroSOS, eartH2Observe and UKEP and iLEAPS, all of which involve either working with or developing the ecological and hydrological aspects of the JULES land surface model. Through his role in the UK Environmental Prediction project (UKEP) he has developed a good understanding of the coupled NWP model that will be used in CASPER. He has 34 publications (including 12 as first author). Toby’s focus is on biogeochemical fluxes between the land surface and the lowest boundary layer of the atmosphere, notably water fluxes (including evapotranspiration) and carbon advection (sequestration and emission). These fluxes are controlled by the dynamic movement of water across the landscape (runoff, river flow), modified significantly by the vegetational component of ecosystems and the structure of forests, grasslands and other biomes. Currently, Toby has a focus on water fluxes and how they are represented in the JULES land surface model and the UK Met Office Unified Model (UM), including processes of overbank inundation and how to simulate saltwater and freshwater flooding in regions prone to extreme precipitation events.



Dr Christopher Taylor (CEH) is a meteorologist with over 25 years’ experience in studying land-atmosphere interactions. He has been the PI on series of collaborative projects on this topic, including PORCELAIN (under CSSP-China), AMMA-2050, VERA, e-stress and SWELTER-21. He has strong expertise in the use of Earth Observation data to understand land-atmosphere coupling, and to evaluate land surface and land-atmosphere models (in particular, JULES and the UM).  Much of his work has focused on semi-arid regions, in particular in Africa, and more recently under the INCOMPASS and PORCELAIN projects, in India and China. He has 71 publications, including lead authorships in Nature and Nature Geoscience. He is a member of the National Centre of Earth Observation, a Visiting Professor at the University of Leeds, and received the Royal Meteorological Society Hugh Robert Mill prize for his work on rainfall.  



Dr Emma Barton (CEH) is a meteorologist. Her current research considers land-atmosphere interactions, particularly using Earth Observation data to identify soil moisture-atmosphere feedbacks. Current or recent projects include the CSSP-China project PORCELAIN, the joint UK-India INCOMPASS project, and the NERC-funded study Vegetation Effects on Rainfall in West Africa (VERA). Under INCOMPASS, she led a recent observational paper which identified circulation responses across Northern India to soil moisture (from antecedent rainfall and irrigation); she also identified biases in convective scale forecasts linked to this coupling.



Sonja Folwell (CEH) is a land surface modeller and hydrologist. Her interests are in understanding the land processes which regulate the water and energy budgets at the land surface; how these operate over different timescales, the role of vegetation and how human activity can modify these. She works with satellite and in situ observations to evaluate these processes in models and recently has been assessing how the new generation of high-resolution convection-permitting atmospheric models behave in this respect. Her background is in hydrology, with expertise in hydrological modelling and water resources assessments (Okavango Basin, South America and the Ganges and Brahmaputra basins), reservoir operation (Karun and Dez basins, Iran), flood analysis (UK) and drought and low-flow analysis (Southern Africa).
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Please detail any background IPR to be included within the Project’s IPR register including:





		IP owner/ Licensor

		Description 

		IP Asset type

		Format/

Language

		Date/Version Number

		Users 

		Permitted Use

		Licence special conditions 



		University of Reading

		ASoP software diagnostics

		 Software

		Python

		 1.0

		University of Reading

		Any

		None (Apache license)



		NASA

		Tropical Rainfall Measuring Mission precipitation

		 Data

		netCDF

		 3B42V7

		University of Reading, University of Leeds, CEH

		Non-commercial research use

		None



		ECMWF

		ERA5 and ERA-Interim reanalysis

		 Data

		netCDF

		September 2019

		University of Reading, University of Leeds, CEH

		Any

		None



		University of Reading

		TRACK software 

		Software

		FORTRAN

		September 2019

		University of Reading 

		Any

		None



		University of East Anglia

		BoBBLE field campaign data

		Data

		netCDF and text

		July 2016

		University of Reading

		Non-commercial research use

		Restricted to BoBBLE Investigators (Klingaman is one)



		University of Reading

		INCOMPASS field campaign data

		Data

		netCDF and text

		July 2016

		University of Reading, University of Leeds,

CEH

		Non-commercial research use

		Restricted to INCOMPASS Investigators (Turner is one)



		NEMO Consortium

		NEMO ocean model

		Software

		FORTRAN

		3.6

		University of Reading

		Any

		None



		University of Reading

		KPP ocean model

		Software

		FORTRAN

		1.2

		University of Reading

		Any

		None



		Met Office

		JULES model

		Software

		FORTRAN

		5.4

		CEH

		Non-commercial research use

		None



		NASA

		Global Precipitation Mission rainfall estimates

		Data

		netCDF

		September 2019

		University of Reading, University of Leeds, CEH

		Non-commercial research use

		None







		RosHydroMet, Roscosmos

		Electro - Geostationary Operational Meteorological Satellite (GOMS) No.2 

		Imagery

		JPEG

		November 2018 to March 2019

		University of Leeds 

		Non-commercial research use

		None



		EUMETSAT

		Meteosat VISSR 

		Imagery

		JPEG

		January 2016 to March 2017

		University of Leeds 

		Non-commercial research use

		None



		EUMETSAT

		Meteosat SEVIRI 

		Imagery

		JPEG

		February 2017 to March 2019

		University of Leeds 

		Non-commercial research use

		None



		Met Office

		Global NEMO-coupled 15-day forecasts

		Data

		PP format

		Operational forecast version

		University of Reading 

		For WCSSP India projects

		For WCSSP India projects and Academic Partners



		NASA

		AMSR2 soil moisture and land surface temperature

		Data

		netCDF

		2012-2018

		CEH

		Non-commercial research use

		None



		ESA

		Soil moisture CCI

		Data

		netCDF

		2012-2018

		CEH

		Non-commercial research use

		None



		CEH

		Indian flux tower data

		Data

		netCDF

		2016-2018

		CEH

		Non-commercial research use

		Restricted to INCOMPASS until Jan 2020; prior to that available on request.
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(NB: See annex A for risk scoring, please include exit plan risks. Add more rows as required)



		Risk No

		Risk Description



		Cause

(Describe what it is that might occur.

IF …

BECAUSE…)

		Effect / Impact

(What will be impacted as a result of this risk?

RESULTING in…)

		Mitigating actions

(What actions will you take to reduce the risk/increase the opportunity)

		Risk owner

(Name of individual responsible for the management and control of this risk)

		Probability

(delete as appropriate)

		Impact

(delete as appropriate)

		Score

(insert score from risk scoring matrix)



		01

		Lack of case-study simulations and/or sensitivity tests

		If the Met Office cannot perform our priority case study simulations and/or sensitivity tests, due to lack of HPC resource

		Resulting in being unable to analyse as many case studies and/or sensitivity experiments as we propose

		We would use HPC resource provided through synergies with other projects to run a reduced set of case studies and sensitivity tests, which would mean we could still achieve our objectives, but with a reduced number of case studies and/or sensitivity tests.

		Nicholas Klingaman

		L

		M

		9



		02

		Departure or incapacity of Investigators

		If the Investigators may move to other institutions or become unable to work during the project (e.g., through long-term illness)

		Resulting in delays to some project deliverables, the nature of which would depend on the personnel who were unavailable.

		We would engage other Investigators from the appropriate institution with relevant expertise, or increase the commitment from the remaining investigators at the institution.  We note that CASPER includes more than one Investigator from each institution.  All three institutions have large (25+) cohorts of senior academics with expertise in meteorology, oceanography and/or land-surface processes.  We could also redistribute Investigator time across the project to mitigate the impact of this risk.

		Nicholas Klingaman

		VL

		M

		3



		03

		Departure or incapacity of researchers

		The named post-doctoral researchers may leave their respective institutions or be unable to work during the project (e.g., through long-term illness)

		Resulting in delays to some project deliverables, the nature of which would depend on the personnel who were unavailable.

		Should one of the named researchers leave the University or become otherwise unavailable, we would initially recruit for a replacement researcher internally, noting all three institutions involved have large (50+) cohorts of researchers on staff.  If internal recruitment failed, we would recruit externally, with potentially longer delays (2-4 months).

		Nicholas Klingaman (UoR), Douglas Clark (CEH), Juliane Schwendike (Leeds)

		L

		M

		9



		04

		Delays in the availability of revised JULES code

		If updated JULES code for routing and inundation, being created in the Hydro-JULES project, is not available on time.

		Resulting in delays to CEH work towards Activity A3.3 until suitable code is available.

		We will liaise closely with Hydro-JULES (Clark is leader of the relevant tasks in both projects) to track progress in the production of the code, which is currently expected in Jan 2020 and is seen as a priority for Hydro-JULES. CASPER does not require the code before July 2020 at the earliest. To avoid delay we could potentially contribute a small amount of CASPER effort to finishing the code, offsetting this by studying fewer test cases. In the event of intractable delays, we would consider how A3.3 could be modified to use currently available code

		Douglas Clark

		L

		M

		9



		05

		Termination of the project (exit plan)

		The project may be terminated due to issues with funding, contracts or multiple points of scientific or project management failure (e.g., staff unavailability, institutional failure).

		Resulting in the cancellation of remaining project activity and deliverables.

		We would seek alternative funding for the PDRAs involved (e.g., through other grant applications).  Project datasets and software packages would be transferred to the Met Office, or to the Institution assuming the contract for this work (if applicable), as well as to Indian partners.  We note that the Investigators and their institutions have a long and established history of successful project management (see Section 7.1), including previous and current CSSP and WCSSP projects (China, Southeast Asia, Brazil).

		Nicholas Klingaman

		VL

		VH

		15



		06

		Delays in accessing partner data

		If there are delays in accessing WCSSP India partner data (see Section 5 for list) or in transferring data to UK computing facilities for analysis

		Resulting in delays to project deliverables that require partner data.  We note that only A1.4 requires partner data; partner data would be valuable for, but is not critical to, other deliverables.

		We will contact project partners as soon as the contracts are awarded, before the project starts, to minimise delays.  The Investigators have a long and successful track record of working with Indian partners, including sharing data (e.g., through BoBBLE and INCOMPASS field campaigns).

		Chris Taylor

		L

		M

		9
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10.1	Payment schedule



		Activity number

		Milestone number

		Payment Value (where 100% fec value is used, please also provide value sought)

		On completion of associated activities (please provide relevant activity number) 


		Start Date

		End 
Date*



		A3.1

		M3.1

		FEC value: £60,700

Value sought:
£60,700

		A3.1: Report on the potential added value of increased ocean vertical resolution in the convective-scale NWP model for Bay of Bengal SST and upper-ocean stratification, using offline ocean experiments validated against in situ observations and satellite-derived analyses

		

1/1/20

		

29/2/20



		

		

		

		Associated Output of Milestone:

· M3.1: Perform and evaluate forced-ocean simulations with modified vertical resolution, driven by convective-scale NWP surface forcing, to determine whether finer vertical resolution would improve predictions of Bay of Bengal SSTs and upper-ocean stratification.

Dependencies:

· Surface forcing data from convective-scale NWP simulations

· Offline ocean simulations with modified vertical resolution, driven by convective-scale NWP surface forcing



		A1.1

		M1.1, M1.2, M1.3, M1.4,

M1.5

		FEC value: £152,350.09


Value sought:
£131,216.49

		A1.1: Report on performance of convective-scale NWP model for selected high-impact South Asian weather events, including associated atmospheric (e.g., timing, intensity and duration of extreme rainfall; river flooding and inundation)

		

1/9/19

		

31/3/20



		

		

		

		Associated Output of Milestone:

· M1.1: Track tropical cyclones and monsoon depressions in convective-scale coupled NWP model and operational analyses.

· M1.2: Evaluate predictions of heavy rainfall for selected case studies, against available ground-based observations (e.g., Indian radars) and satellite data (e.g., IMERG)

· M1.3: Evaluate spatial and temporal scales of rainfall using analysis of scales of precipitation diagnostics

· M1.4: Evaluate the intensity, structure and track of high-impact weather systems against satellite observations

· M1.5: Evaluate ability of convective-scale NWP model to reproduce observed changes in storm dynamics and intensity during landfall.


Dependencies:

· Convective-scale coupled NWP simulations of priority case studies

· Gridded rainfall and wind data from Indian project partners





		A1.2

		M1.6,  M1.7

		FEC value: £106,975.03



Value sought:

£106,975.03



		A1.2: Report on biases in land-surface hazards (e.g., river outflow) linked to high-impact weather events over India.

		

1/9/19

		

31/3/20



		

		

		

		Associated Output of Milestone:

· M1.6: Develop a 4km offline JULES configuration to evaluate river flow and fluvial inundation when driven by observed meteorology.

· M1.7: Evaluate predictions of river flow using rainfall from convective-scale NWP model against available observations.

Dependencies:

· Observed meteorology for driving offline JULES simulations

· Rainfall forcing data from convective-scale coupled NWP model

· Land-surface data (e.g., streamflow) from Indian project partners 



		A1.3

		M1.8, M1.9, M1.10,  M1.11

		FEC value: £80,000.00



Value sought:

£80,000.00



		A1.3: Report on performance of convective-scale NWP model for oceanic hazards (e.g., storm surges and sea-level extremes) and air-sea interactions over the Bay of Bengal, including surface heat, momentum and freshwater budgets and upper-ocean structure.

		

1/4/20

		

31/10/20



		

		

		

		Associated Output of Milestone:

· M1.8: Evaluate predictions of oceanic hazards (e.g., storm surges and sea-level extremes), including potential for multiple ocean-land hazards (e.g., surges and river flooding), for selected case studies against available observations (e.g., tide gauges, satellite altimetry)

· M1.9: Assess surface heat, freshwater and momentum budgets over the Bay of Bengal in the convective-scale NWP model, against available in situ data (e.g., campaign data, buoys, moorings), gridded analyses (e.g., CERES, OAFlux) and reanalyses (e.g., ERA5).

· M1.10: Assess diurnal cycle of SST in the Bay of Bengal in the convective-scale NWP model, including links to the diurnal cycle of atmospheric convection.

· M1.11: Assess the thermodynamic structure of the upper ocean in the convective-scale NWP model, including mixed-layer depth and formation of freshwater barrier layers from heavy rainfall or river flow.

Dependencies:

· Convective-scale coupled NWP model simulations for priority case studies

· Offline NEMO simulations for storm-surge analysis

· Oceanographic data (buoys, moorings, ship data, tide gauge data) from Indian project partners



		

A3.2



		

M3.2,  M3.3

		

FEC value: £60,000.00



Value sought:

£60,000.00

		A3.2: Report on the effect of revised treatments of infiltration in JULES on predictions of runoff, river flows and ponding, including delivery of modified JULES code for consideration for inclusion in the convective-scale NWP model.

		

1/1/20

		

31/12/20



		

		

		

		Associated Output of Milestone:

· M3.2: Develop an offline JULES configuration to represent ponding during extreme rainfall

· M3.3: Evaluate offline JULES configuration for ponding, with a focus on CASPER high-impact case studies, including representations of river flow, inundation and standing water.

Dependencies:

· Surface forcing from convective-scale coupled NWP model simulations for priority case studies

· Land-surface data (e.g., streamflow) from Indian project partners



		A2.2

		M2.5, M2.6,  M2.7

		FEC value: £80,000.00



Value sought:

£80,000.00



		A2.2: Report on the added value of atmospheric and oceanic resolutions and air-sea coupling for predictions of air-sea interactions (e.g., air-sea fluxes, surface heat, freshwater and momentum budgets) and oceanic hazards (e.g., storm surges, extreme sea  levels) in the Bay of Bengal, by comparing global and convective-scale coupled predictions.

		1/3/20

		31/1/21



		

		

		

		Associated Output of Milestone:

· M2.5: Assess the effects of horizontal resolution and air-sea coupling on performance for predictions of oceanic hazards (e.g., storm surges, sea-level extremes), including potential for ocean-land coupled hazards (e.g., storm surges into river basins), by evaluating convective-scale coupled NWP against global coupled NWP.

· M2.6: Evaluate effects of convective-scale atmospheric and oceanic resolutions on the surface heat, momentum and freshwater budgets of the Bay of Bengal, including comparing the convective-scale NWP and operational models against in situ observations and satellite-derived analyses.

· M2.7: Evaluate effects of convective-scale atmospheric resolution on high-frequency (e.g., diurnal) SST and upper-ocean stratification, using offline ocean simulations driven by global-scale and convective-scale atmospheric forcing.

Dependencies:

· Sensitivity tests with convective-scale coupled model for priority case studies

· Offline NEMO simulations for storm-surge analysis

· Oceanographic data (buoys, moorings, ship data, tide gauge data) from Indian project partners



		A1.4

		M1.11

		FEC value: £40,000.00



Value sought:

£40,000.00



		A1.4: Report on biases in land-atmosphere interactions linked to forecasting high-impact weather events over India, including implications for JULES technical developments.

		1/9/19

		31/2/21



		

		

		

		Associated Output of Milestone:

· M1.12: Assess performance of land-surface and impacts on lower atmosphere at convective scale in operational forecasts

Dependencies:

· NCUM convective-scale forecast data from Indian project partners



		A2.1

		M2.1, M2.2, M2.3, M2.4.

		FEC value: £150,000.00



Value sought:

£120,000.00

		A2.1: Report on the added value of horizontal resolution and atmosphere-ocean coupled interactions on predictions of high-impact weather events, including storm evolution and dynamics during landfall, by comparing convective-scale coupled and atmosphere-only predictions.

		1/3/20

		15/3/21



		

		

		

		Associated Output of Milestone:

· M2.1: Track tropical cyclones and monsoon depressions in operational forecasts, convective-scale coupled forecasts and sensitivity tests

· M2.2: Evaluate effects of horizontal resolution and air-sea coupled feedbacks on storm intensity, evolution and tracks during development phase over ocean.

· M2.3: Evaluate effects of horizontal resolution, air-sea and air-land coupled feedbacks on storm intensity and dynamics during landfall phase and subsequent movement over land.

· M2.4: Assess the effects of horizontal resolution and air-sea coupling on predictions of multiple and coupled hazards over land (e.g., high winds, heavy rainfall), by evaluating the convective-scale coupled NWP against operational models.

Dependencies:

· Sensitivity tests with convective-scale coupled model for priority case studies

· Gridded rainfall and wind data from Indian project partners



		A3.3



		M3.4, M3.5,  M3.6



		FEC value: £50,000.00



Value sought:

£50,000.00

		A3.3: Report on the effects of land-ocean coupling and the performance of a revised 4km river-routing and fluvial inundation model for test cases, including possible effects of storm surges on river outflow and inundation.

		

1/3/20

		

15/3/21



		

		

		

		Associated Output of Milestone:

· M3.4: Develop JULES configuration including revised parameterisations of river routing and inundation at 4km over India  

· M3.5: Evaluate new JULES configuration, including revised parameterisations of river routing and inundation, with a focus on evaluation for CASPER high-impact case studies.

· M3.6: Investigate the impacts of land-ocean coupling on both land and ocean models, through use of JULES-calculated river flows in NEMO, and NEMO-derived time-varying sea surface heights in the JULES routing model.

Dependencies:

· Surface forcing from convective-scale coupled NWP model for priority case studies

· JULES code for revised river routing and inundation, from Hydro-JULES

· Land-surface data (e.g., streamflow) from Indian project partners



		A4.4

		M4.10

		FEC value: £119,945.89



Value sought:

£111,296.29

		A4.4: Final report from the project, detailing research outcomes against project objectives and benefits to partner country



		1/2/21

		15/3/21



		

		

		

		Associated Output of Milestone:

· M4.10: Preparation of final report from project, detailing research outcomes against project objectives and benefits to partner country

Dependencies:

· All above dependencies



		

		Total Value:

		Value at 100% FEC: £899,971.01

Value sought: £837,979.73







[bookmark: _Toc525723650][bookmark: _Toc526171023][bookmark: _Toc526171053]Funding requests should be activity related. It is not a requirement that funding follow a flat structure whereby the amount of funds dispersed is consistent throughout the Grant Award Term. 



*Please ensure the end date for final deliverables is 15/03/21 



10.2	Breakdown

Please provide a breakdown of project costs within the sections indicated below. All prices must be in £ GBP (exclusive of VAT). All costs must be no more than the available funding.



Please add additional rows as required. VAT is recoverable by the Authority – it is recognised that when invoices are submitted these will be submitted with VAT (which will be recovered by the Met Office) hence the budget amount is exclusive of VAT.



Insert more rows as required to each of the following tables:



NB: All costs in this section are clearly identified with the relevant institution, to facilitate application of the correct FEC rate, as follows:

· NCAS: National Centre for Atmospheric Science - All costs at 100% FEC

· UoR: University of Reading - All costs at 80% FEC (applies only to costs for Dr. Chris Holloway)

· UoL: University of Leeds - All costs at 80% FEC

· CEH: Centre for Ecology and Hydrology - All costs at 100% FEC



NB: “Cost” here refers to the value sought (amount to be invoiced), which is the sum of the 80% and 100% FEC components shown.



		Activity / Project Cost / Invoice line description

		Cost ex VAT 

		Please indicate if 100% or 80% FEC

		Explanation of cost



		Delivery of A3.1

		£60,700.00

		100% FEC

		Covering production and analysis of offline ocean simulations with variations to vertical resolution, and preparation and review of report and attendance at associated WCSSP and project meetings.



		Delivery of A1.1

		£130,419.92

		100% FEC component: £42,333.94



80% FEC component:
£88,085.98

		Covering analysis of performance of convective-scale coupled NWP model for selected high-impact South Asian weather events, including associated atmospheric hazards, as well as preparation and review of report and attendance at associated WCSSP and project meetings.



		Delivery of A1.2

		£106,975.03

		100% FEC

		Covering analysis of biases in land-surface hazards (e.g., river outflow) linked to high-impact weather events over India, as well as preparation and review of report and attendance at associated WCSSP and project meetings.



		Delivery of A1.3

		£80,000.00

		100% FEC

		Covering analysis of performance of convective-scale coupled NWP model for oceanic hazards and air-sea interactions over the Bay of Bengal, including surface heat, momentum and freshwater budgets and upper-ocean structure, as well as preparation and review of report and attendance at associated WCSSP and project meetings.



		Delivery of A3.2

		£60,000.00

		100% FEC

		Covering development and analysis of revised treatments of infiltration in JULES and their effect on predictions of runoff, ponding and river flow, delivery of modified JULES code to the Met Office, as well as preparation and review of report and attendance at associated WCSSP and project meetings.



		Delivery of A1.4

		£40,000.00

		100% FEC

		Covering analysis of biases in land-surface processes and land-atmosphere interactions linked to high-impact weather events over India, as well as preparation and review of report and attendance at associated WCSSP and project meetings.



		Delivery of A2.2

		£80,000.00

		100% FEC

		Covering analysis of sensitivity tests with convective-scale coupled NWP model for the added value of horizontal resolution and atmosphere-ocean interactions for predictions of air-sea fluxes and oceanic hazards in the Bay of Bengal, as well as preparation and review of report and attendance at associated WCSSP and project meetings.



		Delivery of A2.1

		£120,000.00

		80% FEC

		Covering analysis of sensitivity tests with convective-scale coupled NWP model for the added value of horizontal resolution and atmosphere-ocean interactions for prediction of high-impact weather events, including storm evolution and dynamics during landfall, as well as preparation and review of report and attendance at associated WCSSP and project meetings.



		Delivery of A3.3

		£50,000.00

		100% FEC

		Covering development and analysis of a revised river-routing and fluvial inundation model in JULES, tests of effects of land-ocean coupling on model performance, delivery of modified JULES code to the Met Office, as well as preparation and review of report and attendance at associated WCSSP and project meetings.



		Delivery of A4.3

		£109,884.78



		100% FEC component: £70,409.18



80% FEC component: £40,887.11

		Covering integration of results from across the project into a final report, preparation and review of final report, preparation and review of all interim (monthly) reports and attendance at associated WCSSP and project meetings.







Directly incurred staff (NB - Added by bidder as no obvious place for these)

		Description

		Total £

		Amount Sought £



		NCAS: Directly incurred staffing costs for Maria Valdivieso da Costa, who will work on the project as a post-doctoral research assistant (PDRA) for 100% full-time equivalent (FTE) from 01/01/2020 until 31/01/2021.  Dr. Valdivieso’s expertise in air-sea interactions and physical oceanography is critical to the success of our project.  Dr. Valdivieso will be responsible for assessing the effect of high-impact weather systems on Bay of Bengal budgets of heat, freshwater and momentum; the diurnal cycle of SST; and upper-ocean stratification.

		60,842.04

		60,842.04



		NCAS: Directly incurred staffing costs for Will Keat, who will work on the project as a PDRA for 100% FTE from 01/01/2020 until 31/03/2020.  Dr. Keat’s expertise in extreme rainfall and radar meteorology is critical to the success of our project.  Dr. Keat will be responsible for analysing the performance of the convective-scale coupled NWP model for heavy rainfall over India, including validation using Indian radar data.

		11,744.07

		11,744.07



		NCAS: Directly incurred staffing costs for Xiangbo Feng, who will work on the project as a PDRA for 100% FTE from 01/04/2020 until 31/09/2020.  Dr. Feng’s expertise in air-sea interactions, sea-level extremes and storm surges is critical to the success of our project.  Dr. Feng will be responsible for analysing the performance of the convective-scale coupled model for oceanic hazards in the Bay of Bengal and the Indian coastline.

		28,421.49

		28,421.49



		NCAS: Directly incurred staffing costs for NCAS Computational Modelling Support staff, who will provide technical support for two months’ FTE over the course of the project (approximately 10% FTE).  CMS staff will assist with running simulations on HPC facilities and managing data.

		8,069.39

		8,069.39



		UoL: Directly incurred staffing costs for Lawrence Jackson, who will work on the project as a PDRA for 100% FTE from 01/10/2020 until 31/03/2021.  Dr. Jackson’s expertise in monsoon variability and dynamics is critical to the success of our project.  Dr. Jackson will be responsible for analysing convective storm dynamics in the convective-scale coupled NWP model.

		88,201.00

		70,561.00



		CEH: Directly incurred staffing costs for Emma Barton, who will work on the project as a PDRA for 66% FTE from 01/04/2020 to 31/03/2021.  Dr. Barton’s expertise in land-surface processes is critical to the success of our project.  Dr. Barton will be responsible for analysing biases in land-atmosphere fluxes in convective-scale forecasts.

		29,513.51

		29,513.51



		CEH: Directly incurred staffing costs for Sonja Folwell, who will work on the project as PDRA for 21% FTE for 01/09/2019 to 31/03/2020 and 38% FTE for for 01/04/2020 to 31/03/2021. Ms Folwell’s expertise in land-surface processes in critical to the success of our project.  Ms Folwell will be responsible for conducting and analysing offline JULES experiments with revised treatments of infiltration and ponding.

		22,376.57

		22,376.57



		Total £

		249,168.07

		231,527.87







Travel and Subsistence

		Destination

		Purpose of visit

		Total £

		Amount Sought £



		India

		UoL: Attendance at WCSSP annual meeting in India in FY1 (2 people)

		3400

		2720



		Exeter

		UoL: Attendance at WCSSP annual meeting at Met Office in FY1 (2 people)

		1490

		1192



		Reading

		UoL: Attendance at CASPER project meeting at Reading in FY1 (4 people)

		1100

		880



		India

		UoL: Attendance at WCSSP annual meeting in India in FY2 (2 people)

		3400

		2720



		Exeter

		UoL: Attendance at WCSSP annual meeting at Met Office in FY2 (2 people)

		1490

		1192



		Reading

		UoL: Attendance at CASPER project meeting at Reading in FY2 (4 people)

		1100

		880



		Korea

		UoL: Attendance at AOGS 2020 conference (1 person)

		2000

		1600



		India

		NCAS: Attendance at WCSSP annual meeting in India in FY1 (2 people)

		3400

		3400



		Exeter

		NCAS: Attendance at WCSSP annual meeting at Met Office in FY1 (2 people)

		980

		980



		India

		UoR: Attendance at WCSSP annual meeting in India in FY2 (2 people)

		3400

		3400



		Exeter

		UoR: Attendance at WCSSP annual meeting at Met Office in FY2 (2 people)

		980

		980



		Korea

		UoL: Attendance at AOGS 2020 conference (1 person)

		2000

		1600



		India

		NCAS: Visit to project partners following WCSSP annual meeting in India in FY1 (2 people)

		500

		500



		India

		NCAS: Visit to project partners following WCSSP annual meeting in India in FY2 (2 people)

		500

		500



		Reading

		NCAS: Hosting a visiting Indian scientist in FY1 for two months

		3800

		3800



		Reading

		NCAS: Hosting a visiting Indian scientist in FY2 for two months

		3800

		3800



		India

		CEH: Attendance at WCSSP annual meeting in India in FY1 (2 people)

		3400

		3400



		Exeter

		CEH: Attendance at WCSSP annual meeting at Met Office in FY1 (2 people)

		460

		460



		Reading

		CEH: Attendance at CASPER project meeting at Reading in FY1 (4 people)

		120

		120



		India

		CEH: Attendance at WCSSP annual meeting in India in FY2 (2 people)

		3400

		3400



		Exeter

		CEH: Attendance at WCSSP annual meeting at Met Office in FY2 (2 people)

		460

		460



		Reading

		CEH: Attendance at CASPER project meeting at Reading in FY2 (4 people)

		120

		120



		Korea

		UoL: Attendance at AOGS 2020 conference (1 person)

		2000

		1600



		India

		CEH: Visit to project partners following WCSSP annual meeting in India in FY1 (2 people)

		500

		500



		India

		CEH: Visit to project partners following WCSSP annual meeting in India in FY2 (2 people)

		500

		500



		Total £

		44300

		41504







Equipment

		Description

		Country of Manufacture

		Delivery Date

		Basic price £

		Import duty £

		VAT £

		Total £

		Amount Sought £



		

		

		

		

		

		

		

		



		

		Total £

		0.00

		0.00







Other Directly Incurred Costs

		Description

		Total £

		Amount Sought £



		NCAS: Hosting project workshop in FY1 (catering)

		500

		500



		NCAS: Hosting project workshop in FY2 (catering)

		500

		500



		NCAS: High-performance desktop computer (£1400), laptop computer (£1500) and two monitors (£800)

		3700

		3700



		UoL: Local disk space

		12500

		10000



		CEH: Local disk space

		1000

		1000



		Total £

		20,200

		17,300







Other Directly Allocated Costs

		Description

		Total £

		Amount Sought £



		NCAS: Directly allocated staffing costs for Nicholas Klingaman (PI), who will work on the project at 12% FTE for the duration.  Please note that the PI is funded by a NERC Independent Research Fellowship for FY1; his time will not be charged to the project.  This saves the project £9,678.61 in direct and indirect staffing costs, demonstrating value for money

		9,411.20

		9,411.20



		NCAS: Directly allocated staffing costs for Andrew Turner (Co-I), who will work on the project at 8% FTE for the duration.  Together with the other NCAS Co-Is and the PI, Dr. Turner will be responsible for supervising the Reading PDRAs, collaborating with Indian scientists, reviewing reports and publications and project administration.  Please see the Gantt chart included in Section 4 for the exact activities Dr. Turner will supervise.

		9,824.40

		9,824.40



		UoR: Directly allocated staffing costs for Chris Holloway (Co-I), who will work on the project at 5% FTE for the duration.  Together with the other NCAS Co-Is and the PI, Dr. Holloway will be responsible for supervising the Reading PDRAs, collaborating with Indian scientists, reviewing reports and publications and project administration.  Please see the Gantt chart included in Section 4 for the exact activities Dr. Holloway will supervise.

		6,000.67

		4,800.57



		NCAS: Directly allocated staffing costs for Kevin Hodges (Co-I), who will work on the project at 10% FTE in FY1 and 2% FTE in FY2.  Dr. Hodges will be responsible for tracking tropical cyclones and monsoon depressions in the convective-scale coupled NWP model, operational analyses and reanalyses, including assisting with constructing storm-relative composites.

		6,577.60

		6,577.60



		UoL: Directly allocated staffing costs for Juliane Schwendike (Co-I), who will work on the project at 14% FTE in FY1 and 12% FTE in FY2.  Together with the other Leeds Co-Is, Dr. Schwendike will be responsible for supervising the Leeds PDRA, collaborating with Indian scientists, reviewing reports and publications and project administration.  Please see the Gantt chart included in Section 4 for the exact activities Dr. Schwendike will supervise.

		13,742.00

		10,993.60



		UoL: Directly allocated staffing costs for Cathryn Birch (Co-I), who will work on the project at 14% FTE in FY1  and 12% FTE in FY2.  Together with the other Leeds Co-Is, Dr. Birch will be responsible for supervising the Leeds PDRA, collaborating with Indian scientists, reviewing reports and publications and project administration.  Please see the Gantt chart included in Section 4 for the exact activities Dr. Birch will supervise.

		13,337.00

		10,669.60



		UoL: Directly allocated staffing costs for Simon Peatman (Co-I), who will work on the project at 14% FTE in FY1  and 12% FTE in FY2.  Together with the other Leeds Co-Is, Dr. Peatman will be responsible for supervising the Leeds PDRA, collaborating with Indian scientists, reviewing reports and publications and project administration.  Please see the Gantt chart included in Section 4 for the exact activities Dr. Peatman will supervise.

		3,502.00

		2,801.60



		CEH: Directly allocated staffing costs for Douglas Clark (Co-I), who will work on the project at 32% FTE in FY1  and 9% FTE in FY2.  Dr. Clark will be responsible for supervising Marthews and Folwell, reviewing reports and publications and project administration. Please see the Gantt chart included in Section 4 for the exact activities Dr. Clark will supervise.

		15,985.81

		15,985.81



		CEH: Directly allocated staffing costs for Toby Marthews (Co-I), who will work on the project at 78% FTE in FY1 and 46% FTE in FY2.  Dr. Marthews will evaluate predictions of river flow and inundation, and will lead the work to develop a JULES configuration with revised river routing.

		40,526.43

		40,526.43



		CEH: Directly allocated staffing costs for Chris Taylor (Co-I), who will work on the project at 24% FTE in FY1 and 3% FTE in FY2.  Dr. Taylor will be responsible for leading the analysis of land-surface and land-atmosphere flux biases in convective-scale forecasts with the NCUM.

		15,444.55

		15,444.55



		Total £

		134,381.66

		127,065.33







Research Facilities/Existing Equipment

		Description

		Total £

		Amount Sought £



		

		0

		



		Total £

		0

		0.00







Overheads (NB - Added by Bidder as no obvious place for these)

		Description

		Total £

		Amount Sought £



		NCAS: Overheads

		148,077.23

		148,077.23



		UoR: Overheads

		5,039.75

		4,031.80



		UoL: Overheads

		151,654.00

		121,323.20



		CEH: Overheads

		147,150.30

		147,150.30



		Total £

		451,921.28

		420,582.53







Institutional Totals (NB - Added by Bidder for summary and cross-verification)

		Description

		Total £

		Amount Sought £



		NCAS: Total project costs

		148,077.23

		148,077.23



		UoR: Total project costs

		5,039.75

		4,031.80



		UoL: Total project costs

		298,916.00

		239,132.80



		CEH: Total project costs

		282,957.17

		282,957.17



		Total £

		899,971.01

		837,979.73







Project Totals (NB - Added by Bidder for summary and cross-verification)

		Description

		Total £

		Amount Sought £



		Directly Incurred Staff

		249,168.07

		231,527.87



		Travel and Subsistence

		44,300.00

		41,504.00



		Other Directly Incurred Costs

		20,200.00

		17,300.00



		Other Directly Allocated Costs (includes Investigators)

		134,381.66

		127,065.33



		Overheads

		451,921.28

		420,582.53



		Total

		899,971.01

		837,979.73







NB: upon approval, payments will be aligned to the delivery of Milestones for the successful bidder. 



TOTAL BID



		Total £

		Amount Sought £



		899,971.01

		837,979.73









10.3	Are there any other funding opportunities being pursued to support this activity? Could this proposal if successful be part funded? Please provide further detail. 



Please note the Met Office will not be bound to fund any additional costs, fees or charges, which have not been expressly included. Any costs over budget will not be paid.



We are not pursuing any other funding or funding opportunities to support this activity.  Our project could not be successful if part funded, because the project addresses coupled atmosphere-ocean-land hazards; severing one component of the project would substantially damage the other components, making part-funding poor value for money and leaving the project unlikely to achieve meaningful impact .  The combined expertise of the research team allows us to address all aspects of the call for proposals within a single, integrated project that requires concerted effort by the full team.  Additionally, achieving our objectives and complying with ODA requirements requires frequent interaction with project partners in India, including visits to UK institutions by Indian scientists and participation in WCSSP India meetings, all of which require considerable funding for travel and Investigator time.  Partial funding would reduce these travel commitments considerably.





10.4	Value for Money

Describe, explain and evidence your methods for delivering value for money in this project including efficiencies and value added activities. 



For example: You may wish to consider spending less grant monies (giving £ detail) for the same outputs or delivering more activities for the grant available. How much time do you intend to dedicate to the project? What work packages are the PI and Co-Is involved with and why? Are there any in-kind contributions? Have you factored in enough time to work with project partners, visiting researchers and other collaborators?



CASPER delivers considerable value for money, including £41,279 of in-kind or other donated contributions, through the following:



CASPER leverages Investigators who are already highly experienced in analysis and simulation of tropical convection (Birch, Holloway, Schwendike, Peatman, Klingaman), South Asian monsoon systems (Turner, Klingaman, Birch, Peatman, Taylor), land-surface processes (Marthews, Clark, Taylor) and atmosphere-ocean interactions (Klingaman, Holloway).  CASPER also includes named researchers with expertise in atmosphere-ocean feedbacks and physical oceanography (Valdivieso, Feng), high-resolution model analysis (Jackson, Keat), radar meteorology (Keat) and land-surface processes (Barton, Folwell).  Our research team are actively involved in developing and evaluating the MetUM and its component models, particularly JULES.  The combined experience of our research team allows us to start CASPER research immediately and to deliver more activities with the time and funding available, rather than incurring lengthy “spin-up” time involved in training and mentoring new research staff.



CASPER leverages in situ data available from the BoBBLE and INCOMPASS projects, collected during the 2016 monsoon season and available to CASPER only through the participation of Klingaman and Turner.  Our experience with these datasets, including using these datasets to validate models, ensures that we can use them quickly and easily within CASPER to achieve more within the time available.  While there is no explicit value attached to these observations, the projects that collected them were funded at more than £1 million each.



PI Klingaman will be involved in all Activities and in overall project management.  Co-Is Turner, Holloway, Hodges, Birch, Schwendike and Peatman will be involved primarily in Activities 1 and 2, in respect of their expertise in tropical meteorology and atmosphere-ocean interactions.  Co-Is Marthews, Clark and Taylor will be primarily involved in Activities 1 and 3, in respect of their expertise in land-surface processes and JULES development.  Responsibility for project management and collaboration with India will fall primarily to the PI and the lead Investigators at CEH and Leeds (Clark and Schwendike, respectively).  The Investigators intend to devote substantial time to the project (see Resource Plan in Section 7), including 12% FTE for the PI and approximately 8-10% for other Investigators on average.  Details of which Investigators are involved in which tasks are contained in the Gantt chart in Section 4.  We believe that we have devoted enough time to manage our research, including collaborations with project partners and visiting scientists.  We note that our current successful CSSP-China, WCSSP SE Asia and CSSP Brazil projects included similar amounts of effort from PIs and Co-Is.



CASPER benefits from Klingaman donating at no cost to the project 12% FTE of his time in Year 1, the value of which is £9,678.61.  CASPER also benefits from the donation of 20TB of disk space on the PI’s group workspace on JASMIN at no cost, the value of which is £5000 at £250/TB.  Finally, CASPER benefits from HPC time on ARCHER through a synergy with one of the PI’s other project on a similar theme, the value of which is £26,600 excluding VAT.



[bookmark: _Toc526171054]11. HPC Plan

Is access to high performance computing (HPC) required by the bidder for research conducted in this Lot?



  NO



        X  YES       



NB: if access to HPC is required by the Bidder then it is the responsibility of the bidder to source this and to provide a cost if appropriate for HPC in the Research plan.  


This must be included in the Grant Fund Awarded as this is the total amount of funds available.



If HPC is a requirement of a Bid then the Bidder must source and price for this in their bid. The Met Office does not have a pricing policy, nor any sort of policy statement, that allows third party access to its HPC. It must not be assumed by Bidders that they can use Met Office HPC for runs they need to do for their proposed research. 



Potential HPC sources could include ARCHER, ECMWF or JASMIN. Please note that applications to use Monsoon are restricted to NERC funded projects overseen by the Monsoon Management Group, and do not include WCSSP.



Bidders who need HPC for their research must also include a mitigation plan identifying the way forward if they are unable to secure access to HPC.  In addition to addressing this scenario in the mitigation plan, the Bidder could describe what they would do with the money originally allocated to HPC to extend the research – e.g. identify other deliverables - should the data/runs become available by other means (e.g. sometimes Bidders do not require the full amount of HPC access that they first imagined they would). The mitigation plan should include actions if the HPC is not available or HPC funding is underspent.



NB: All HPC facilities sourced as part of our bid are available to us at no cost to the project, demonstrating value for money (see Section 10.3).  This means we do not need to budget for HPC, nor do we need to describe an alternative use for HPC funding from our project.  The table below describes our plans if we are unable to gain access to the HPC facilities we require.



		Activity 

		Description of impact

		Alternative research / back up plan 



		A1 and A2



		We would have fewer case studies and sensitivity tests with which to conduct our research, which would make our conclusions less robust.



		Our bid assumes that the Met Office will provide case-study simulations and sensitivity tests with the convective-scale coupled NWP model configuration, as detailed in the call document and in the Met Office response to a query raised through the portal.

However, we do not know how many simulations the Met Office can afford to run.

If the Met Office does not provide any case-study simulations, or fewer than we request, we would use HPC facilities available to us through a synergy with a NERC-funded project on convective-scale coupled modelling.  This project has access to ARCHER.  This project has planned to run a case study of high-impact weather systems in the South Asian monsoon at convective-scale with a coupled model, as well as a sensitivity test of air-sea coupling (among other experiments planned).  Thus, we could use these simulations for CASPER, but this would provide us with only one case study, instead of the four planned in our proposal (see Section 4, Table 2).  This would make our conclusions much less robust.



		A1 and A2

		We would be unable to determine the pure storm surge, since we could not compute the astronomical tide to subtract from the sea level in the coupled control experiment.

		We have assumed that the Met Office could run an offline NEMO simulation to extract the astronomical tide from the sea level in the control coupled experiment, to compute the wind- and pressure-driven surge components of the sea level.

However, we do not know if the Met Office can run these simulations technically, or if they have the resources to do so.

If the Met Office cannot run these simulations, we will investigate running them ourselves on JASMIN (free to use) or ARCHER (through the synergy with the related convective-scale project above).



		A3

		We would be unable to run offline experiments to test model developments.

		We have assumed we will have access to local HPC facilities at our respective institutions, as well as through JASMIN to run offline JULES, NEMO and KPP (mixed-layer ocean) simulations to test parameterisation developments.

It is highly unlikely that we would lose access to these facilities, as they are integral to our research and that of the broader UK community.

These resources are free at the point of use, so there is no need to apply for access or budget for them.

Nonetheless, should we lose access then we would investigate using cloud-based solutions using the existing computing funding in our project.



		All Activities

		We would be unable to share data easily among the institutions involved, or with Indian partners

		We have assumed that we will be able to store data on JASMIN, through the WCSSP India group workspace and/or through other group workspaces (e.g., the PI has a dedicated workspace).

We believe the risk of losing access to JASMIN storage is very low, as it is integral to UK environmental science research.  Further, the Met Office have confirmed that they will provide a group workspace for WCSSP India. PI Klingaman has a large group workspace on which space could be made available for CASPER.

Nonetheless, each institution has budgeted for local disk space that could be used if we cannot secure access to JASMIN.
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[bookmark: main]Agreed terms

[bookmark: a882408][bookmark: _Toc477945125]Definitions


		“Agreement”

		means this agreement, its schedules and any annexes





		“Authority”

		means the Met Office





		“BEIS”

		Department for Business, Energy and Industrial Strategy





		“Beneficiary”

		the organisation that receives the Grant Award





		“Bid”/“Submission”/”Call Documentation”

		is the documentation relating to this Call and includes the Bidder’s response (see Schedules 1 and 2)





		“Bidder”

		means an organisation that has submitted a Bid or multiple bids for grant funding against this Call





		“Bribery Act”

		the Bribery Act 2010 and any subordinate legislation made under that Act from time to time together with any guidance or codes of practice issued by the relevant government department concerning the legislation





		“Call Objectives”

		as described in Part 1 of the Call Documentation





		“Call”





“Call Documentation”



		is this process whereby Bidders respond to this Call



the documents that form the Call



		“Commencement Date”

		as Stated in the attached bid documents





		“Governing Body”

		as Stated in the attached bid documents





		“Grant Activities”

		the activities that are defined in the Bid and which are required to meet the Call Objectives



		“Grant Award Terms and Conditions”

		includes all of the terms and conditions referred to in this Call





		“Grant Award”

		means the execution of an agreement by the Authority by way of sending the Beneficiary an authorised purchase order





		“Grant”

		means the financial grant payable to the 

Beneficiary in relation to this Call





		“In Country”

		means the country specified within the Call



		“Intellectual Property Rights”

		all patents, copyrights and design rights (whether registered or not) and all applications for any of the foregoing and all rights of confidence and Know-How however arising for their full term and any renewals and extensions





		“Know-How”

		information, data, know-how or experience whether patentable or not and including but not limited to any technical and commercial information relating to research, design, development, manufacture, use or sale



		“Partners”

		means organisations that are engaged with the Authority to meet the Project Aims







		“Programme”

		as described in Part 1 paragraph 2.4 of the Call Documentation





		“Prohibited Act”

		means:

offering, giving or agreeing to give to any servant of the Crown any gift or consideration of any kind as an inducement or reward for:

doing or not doing (or for having done or not having done) any act in relation to the obtaining or performance of this Agreement or any other contract with the Crown; or

showing or not showing favour or disfavour to any person in relation to this Agreement or any other contract with the Crown;

entering into this Agreement or any other contract with the Crown where a commission has been paid or has been agreed to be paid by the Beneficiary or on its behalf, or to its knowledge, unless before the relevant contract is entered into particulars of any such commission and of the terms and conditions of any such contract for the payment thereof have been disclosed in writing to Met Office;

committing any offence:

under the Bribery Act;

under legislation creating offences in respect of fraudulent acts; or

at common law in respect of fraudulent acts in relation to this Agreement or any other contract with the Crown; or

defrauding or attempting to defraud or conspiring to defraud the Crown





		“Project Aims Objectives”

		as described in Part 1 of the Call Documentation





		“Project Manager”

		the individual who has been nominated to represent Met Office for the purposes of the Project 



		“Project”

		the project as stated in the attached Call Documentation 





		“Research Package”

		is the Research Plan and associated Grant Activities which the Grant is funding





		“Research Plan”

		is the plan submitted by the Bidder against Call document Part 2 





		“Working Day” 

		means Monday to Friday (inclusive) excluding bank or public holidays in England





[bookmark: a338710][bookmark: _Toc477945126]Purpose of Grant

The Beneficiary shall use the Grant solely for the delivery of the Grant Activities and in accordance with the terms and conditions set out in this Agreement. The Grant shall not be used for any other purpose without the prior written agreement of Met Office.

The Beneficiary shall not make any significant change to the scope of the Grant Activities without Met Office's prior written agreement.

The Beneficiary agrees and accepts that it shall not apply for duplicate funding in respect of any part of the Grant Activities or any related administration costs that Met Office is funding in full under this Agreement.

The Grant shall not be used to fund any activity that may be party-political in intention, use or presentation, nor to propagate a particular religion.

The Grant shall be used only for activities eligible as Official Development Assistance (“ODA”) in accordance with Part 2 of the Call Documentation.

The Beneficiary must collaborate and co-operate with:

Met Office and where relevant, the Department of Business Energy and Industrial Strategy;

In Country teams, including Newton Fund staff, Science & Innovation Network officers, Foreign & Commonwealth Office prosperity officers and any representatives involved in the Newton Fund [W]CSSP Programme.

[bookmark: a663195][bookmark: _Toc477945127]Payment of Grant

Subject to clause 13, Met Office shall pay the Grant to the Beneficiary upon satisfactory completion of the agreed delivery milestones in accordance with the deliverables set out in the Research Plan. Met Office shall notify the Beneficiary in writing as soon as it is aware that no funds will be available to pay to the Beneficiary for delivery of any agreed milestones and/or for delivery of part of or the whole of the Grant Activities so that the Beneficiary can suspend the delivery of the Grant Activities or any part thereof, without any obligation to complete the same and without any penalty or liability to the Met Office for suspending any delivery of the Grant Activities or otherwise. The Beneficiary agrees and accepts that payments of the Grant can only be made to the extent that Met Office has received funds from BEIS.

No Grant funds shall be paid unless and until Met Office is satisfied that such payment has been be used for proper expenditure in the delivery of the Grant Activities and upon receipt of a properly authorised invoice together with a highlight report containing:

Authorised statement of expenditure incurred, providing a breakdown summary of main components of that spend;

Summary of the activity undertaken to achieve the agreed milestone, with summary aligned to ODA compliance; 

Forecast of spend for the following period.

The amount of the Grant paid to the Beneficiary shall not be increased in the event of any overspend by the Beneficiary in its delivery of the Grant Activities.

The Beneficiary shall upon receiving notification in writing promptly repay to Met Office any money incorrectly paid to it either as a result of an administrative error or otherwise.  This includes (without limitation) situations where either an incorrect sum of money has been paid or where Grant monies have been paid in error before all conditions pursuant to the Grant have been complied with by the Beneficiary.

[bookmark: a225261][bookmark: _Toc477945128]Use of Grant

The Grant shall be used by the Beneficiary for the delivery of the Grant Activities in accordance with the agreed budget set out in the Call Documentation attached. For the avoidance of doubt, the amount of the Grant that the Beneficiary may spend on any item of expenditure listed shall not exceed the corresponding sum of money without the prior written agreement of Met Office.

The Beneficiary shall not use the Grant to:

make any payment to members of its Governing Body; 

purchase buildings or land; 

purchase assets with an initial cost of £5,000 or greater; and will have a residual value of £1,000 or greater at the end of the Grant Activities; or

pay for any expenditure commitments of the Beneficiary entered into before the Commencement Date,

unless this has been approved in writing by Met Office.

The Beneficiary shall not spend any part of the Grant on the delivery of the Grant Activities after the Grant Award unless this has been approved in writing by Met Office.

Should any part of the Grant remain unspent at the end of the Grant Award, the Beneficiary shall ensure that any unspent monies are returned to Met Office.

Met Office will not be responsible for any liabilities arising at the end of the Grant Award period. There will be no additional funding available from Met Office for this purpose.

[bookmark: a176719][bookmark: _Toc477945129]Accounts and records

The Beneficiary shall keep all invoices, receipts, and accounts and any other relevant documents relating to the expenditure of the Grant for a period of at least six years following receipt of any Grant monies to which they relate.  Met Office shall have the right to review, at Met Office's reasonable request, the Beneficiary's accounts and records that relate to the expenditure of the Grant and shall have the right to take copies of such accounts and records.  In the event any review by Met Office results in a determination that funds provided under this Agreement have been expended for purposes not in accordance with the terms and conditions of this Agreement, the Beneficiary shall promptly refund such amount to Met Office. 

The Beneficiary shall provide, on the Met Office’s reasonable request, a copy of its annual accounts within six months (or such lesser period as Met Office may reasonably require) of the end of the relevant financial year in respect of each year in which the Grant is paid.

The Beneficiary shall comply and facilitate Met Office's compliance with all statutory requirements as regards accounts, audit or examination of accounts, annual reports and annual returns applicable to itself and Met Office. 

[bookmark: a967137][bookmark: _Toc477945130]Monitoring and reporting

The Beneficiary shall closely monitor the delivery and success of the Grant Activities throughout the Grant Award to ensure that the aims and objectives of the Grant Activities are being met and that this Agreement is being adhered to.

The Beneficiary shall provide Met Office with a progress report, highlighting progress to date towards the specified and agreed milestones, issues and risks every month, or at intervals otherwise agreed between the parties. Progress shall be provided in such formats as Met Office may reasonably require.

The Beneficiary shall provide Met Office with an annual report at the end of each year detailing progress against the deliverables, future work including updates to the Research Plan, issues and risks. 

The Beneficiary shall provide Met Office with a final report at the end of the Grant Activities summarising the work undertaken and the research outputs; details of known outcomes and Grant Activities benefits achieved.

The Beneficiary shall, on prior written request provide Met Office with such further information, explanations and documents as Met Office may reasonably require in order for it to establish that the Grant has been used properly in accordance with this Agreement.

The Beneficiary shall, on reasonable notice, permit any person authorised by Met Office such reasonable access to its employees, agents, premises, facilities and records, for the purpose of discussing, monitoring and evaluating the Beneficiary's fulfilment of the conditions of this Agreement and shall, if so required, provide appropriate oral or written explanations from them.

The Beneficiary shall permit any person authorised by Met Office for the purpose to visit the Beneficiary once every quarter to monitor the delivery of the Grant Activities.  Where, in its reasonable opinion, Met Office considers that additional visits are necessary to monitor the Grant Activities, it shall inform the Beneficiary in advance and in writing of this as well as confirming the identity of the person who may be visiting and the potential date, time and duration of such visit or visits.  

[bookmark: _GoBack]The Beneficiary shall provide Met Office with a final report in such formats as Met Office may reasonably require on completion of the Grant Award which shall confirm whether the Grant Activities have been successfully and properly completed.

The Beneficiary shall immediately inform Met Office of any cessation of work on the Grant Activities and of any event or circumstances likely to affect significantly the satisfactory completion of the Grant Activities.

[bookmark: a832325][bookmark: _Toc477945131]Acknowledgment and publicity

Subject to clause 7.2, the Beneficiary shall acknowledge the Grant Award in its annual report and accounts, including an acknowledgement of the Newton Fund and Met Office in any publications or events associated with this Grant. The Beneficiary shall acknowledge the support of Met Office and Newton Fund in any materials that refer to the Grant Activities and in any written or spoken public presentations about the Grant Activities. Such acknowledgements (where appropriate or as requested by Met Office) shall include Met Office's and Newton Fund’s name and logo (or any future name or logo adopted by Met Office and Newton Fund) using the templates provided by Met Office from time to time.

The Beneficiary shall not publish any material referring to the Grant Activities or Met Office without the prior written agreement of Met Office. The Beneficiary shall submit material intended for publication, at least thirty (30) days in advance of submission for publication. The Met Office may require the Beneficiary to delay submission for publication, to modify the material in order to protect its Intellectual Property Rights and/or confidential information. Notification that the Met Office requires the Beneficiary to delay submission for publication or modify the publication, must be received by the Beneficiary within thirty (30) days after the receipt of the material by the Met Office (“Confidentiality Notice”). A delay imposed on submission on publication shall not last longer than it is necessary to address any protection issues and therefore shall not exceed one (1) month from the date of the Confidentiality Notice. 

The Beneficiary agrees where possible, and if requested in writing to do so, and with as much advance notice as reasonably practicable, to participate in and co-operate with promotional activities relating to the Grant Activities that may be instigated and/or organised by Met Office and/or Newton Fund.

Met Office may acknowledge the Beneficiary's involvement in the Grant Activities without prior notice, including the use of the Beneficiary’s logo on Grant Activity related material (including but not limited to; case studies, newsletters, presentations, formal documentation and posters). Met Office shall not use the Beneficiary logo or trademarks for any other purpose without prior written approval. If such written approval has been granted by the Beneficiary, use of logos and trademarks of the Beneficiary must be in compliance with all branding guidelines that the Beneficiary may provide on request by the Met Office.

The Beneficiary shall comply with all reasonable requests (after reasonable written notice has been provided), where possible, from Met Office to facilitate visits, provide reports, statistics, photographs and case studies that will assist Met Office in its promotional and fundraising activities relating to the Programme.

[bookmark: a925680][bookmark: _Toc477945132]Intellectual Property Rights

Met Office and the Beneficiary agree that all rights, title and interest in or to any information, data, reports, documents, procedures, forecasts, technology, Know-How and any other Intellectual Property Rights whatsoever owned by either Met Office or the Beneficiary before the Commencement Date or developed by either party during the Grant Award, shall remain the property of that party (or its licensors).

The Met Office hereby grants the Beneficiary access to its existing Intellectual Property Rights solely for use in connection with the Grant Activities (including without limitation its name and logo). The Beneficiary shall, on termination of this Agreement, cease to use such Intellectual Property Rights immediately and shall either return or destroy such Intellectual Property Rights as requested by Met Office.

Where the Beneficiary generates any Intellectual Property material under this Agreement (“Resulting IPR”) including but not limited to the final report and any interim reports and working papers, such Intellectual Property is hereby assigned, as a continuing obligation, into the name of the Beneficiary, to hold unto itself absolutely, with full title guarantee for the duration of such rights, wherever in the world enforceable. 

Beneficiary hereby grants to the Met Office a perpetual, irrevocable, sub-licensable, worldwide, non-exclusive, non-transferable, royalty-free and fully paid up right and licence to use, copy and adapt any Resulting IPR for the purposes of delivering the primary aims of the [W]CSSP Project(s) and Programme (which shall include, but not be limited to, sharing with other Newton Delivery Partners and BEIS under the same restrictions), any other use will be subject to a separate licensing arrangement.

It is acknowledged that creation of new intellectual property must be consistent with a focus on the primary aim of the Project to address ODA requirements.



[bookmark: _Toc477945133]State Aid



The Beneficiary shall notify Met Office of any changes to its State aid classification (in particular, as defined in the Community Framework For State Aid For Research and Development and Innovation (2014/C 198/01), within five business days of such change.

The Beneficiary shall:

0. return to Met Office immediately such proportion of the Grant paid to the Beneficiary as the Met Office may specify in the event that the European Commission adopts a decision that there has been a grant of illegal State Aid to or misuse of State Aid by the Beneficiary;

0. provide such information as the relevant authority may reasonably require at any time to adhere to obligations in relation to State Aid; and

0. securely archive all records relating to the Grant Activities for a period of at least ten years from the end of the Grant Award.

[bookmark: _Toc477945134]Confidentiality

Subject to clause 11 (Freedom of Information), each party shall during the term of this Agreement and thereafter keep secret and confidential all Intellectual Property Rights or Know-How or other business, technical or commercial information disclosed to it as a result of the Agreement and shall not disclose the same to any person save to the extent necessary to perform its obligations in accordance with the terms of this Agreement or save as expressly authorised in writing by the other party.

The obligation of confidentiality contained in this clause shall not apply or shall cease to apply to any Intellectual Property Rights, Know-How or other business, technical or commercial information which:

at the time of its disclosure by the disclosing party is already in the public domain or which subsequently enters the public domain other than by breach of the terms of this Agreement by the receiving party;

is already known to the receiving party as evidenced by written records at the time of its disclosure by the disclosing party and was not otherwise acquired by the receiving party from the disclosing party under any obligations of confidence; or

is at any time after the date of this Agreement acquired by the receiving party from a third party having the right to disclose the same to the receiving party without breach of the obligations owed by that party to the disclosing party.

[bookmark: a474473][bookmark: _Toc477945135]Freedom of information

The Beneficiary acknowledges that Met Office is subject to the requirements of the Freedom of Information Act 2000 (FOIA) and the Environmental Information Regulations 2004 (together the ‘Disclosure Legislation’) and shall assist and co-operate with Met Office (at the Beneficiary's expense) to enable Met Office to comply with these information disclosure requirements.

The Beneficiary shall:

provide Met Office with a copy of all information in its possession or power in the form that Met Office requires within five Working Days (or such other period as Met Office may specify) of Met Office requesting that information; and

provide all necessary assistance as reasonably requested by Met Office to enable Met Office to respond to a request for information within the time for compliance set out in section 10 of the FOIA or regulation 5 of the Environmental Information Regulations 2004.

Met Office shall be responsible for determining at its absolute discretion whether the information:

is exempt from disclosure in accordance with the provisions of the Disclosure Legislation;

is to be disclosed in response to a request for information, and in no event shall the Beneficiary respond directly to a request for information unless expressly authorised to do so by Met Office.

The Beneficiary acknowledges that Met Office may, acting in accordance with the Secretary of State for Constitutional Affairs' Code of Practice (‘the Code’) on the discharge of public authorities' functions under Part 1 of FOIA (issued under section 45 of the FOIA, November 2004), be obliged under the FOIA or the Environmental Information Regulations 2004 to disclose information:

without consulting with the Beneficiary; or

[bookmark: a963518]following consultation with the Beneficiary and having taken its views into account,

provided always that where clause 11.4(b) applies Met Office shall, in accordance with any recommendations of the Code, take reasonable steps, where appropriate, to give the Beneficiary advanced notice, or failing that, to draw the disclosure to the Beneficiary's attention after any such disclosure.

The Beneficiary shall ensure that all information produced in the course of the Agreement or relating to the Agreement is retained for disclosure and shall permit Met Office to inspect such records as requested from time to time.

Where the Beneficiary is subject to the requirements of the Disclosure Legislation, Met Office will fully co-operate with the Beneficiary in requests regarding this Agreement, to ensure compliance with the statutory requirements and the obligations in this clause 11 shall apply mutatis mutandis to the Met Office. 

[bookmark: a856705][bookmark: _Toc477945136]Data protection

[bookmark: a629806][bookmark: _Toc477945137]The General Data Protection Regulation (Regulation (EU) 2016/679), the Law Enforcement Directive (Directive (EU) 2016/680) and any implementing laws as amended from time to time, the Data Protection Act 2018 (to the extent that it relation to the processing of personal data and privacy), and any other applicable law about the processing of personal data and privacy shall together be referred to as the “Data Protection Legislation”. 

Each party shall (and shall procure that any of its staff involved in connection with the Grant Activities under the Agreement shall) comply with their respective obligations under the Data Protection Legislation. 

The Beneficiary authorises the Met Office to retain and process personal data provided by the Beneficiary to enable the Met Office to fulfil its obligations under this Agreement and its legal obligations under the Disclosure Legislation. 



12.4	The Met Office shall process personal data provided by the Beneficiary to the Met Office in accordance with its privacy policy (a copy of which can be provided on request), as may be amended from time to time, unless the Met Office is require to depart from this by applicable law. 



12.5	Each Party warrants that it has in place and undertakes to observe appropriate technical and contractual measures to ensure the security of any personal data and to guard against unauthorised or unlawful access to or processing of any personal data and against accidental loss or destruction of, or damage to, any personal data.

Withholding, suspending and repayment of Grant

Met Office's intention is that the Grant shall be paid to the Beneficiary in full. However, without prejudice to Met Office's other rights and remedies, Met Office may at its discretion withhold or suspend payment of the Grant and/or require repayment of all or part of the Grant if:

the Beneficiary uses the Grant for purposes other than those for which they have been awarded;

the delivery of the Grant Activities does not start within six months of the Commencement Date and the Beneficiary has failed to provide Met Office with a reasonable explanation for the delay within a time period agreed by the parties;

Met Office reasonably considers that the Beneficiary has not made satisfactory progress with the delivery of the Grant Activities;

the Beneficiary is, in the reasonable opinion of Met Office, delivering the Grant Activities in a negligent manner;

the Beneficiary obtains duplicate funding from a third party for the Grant Activities;

the Beneficiary obtains funding from a third party which, in the reasonable opinion of Met Office, undertakes activities that are likely to bring the reputation of the Programme or Met Office into disrepute;

the Beneficiary provides Met Office with any materially misleading or inaccurate information;

the Beneficiary commits or committed a Prohibited Act;

any member of the Governing Body, employee or volunteer of the Beneficiary has (a) acted dishonestly or negligently at any time and directly or indirectly to the detriment of the Programme or (b) taken any actions which, in the reasonable opinion of Met Office, bring or are likely to bring Met Office's name or reputation into disrepute;

the Beneficiary ceases to operate for any reason, or it passes a resolution (or any court of competent jurisdiction makes an order) that it be wound up or dissolved (other than for the purpose of a bona fide and solvent reconstruction or amalgamation);

the Beneficiary becomes insolvent, or it is declared bankrupt, or it is placed into receivership, administration or liquidation, or a petition has been presented for its winding up, or it enters into any arrangement or composition for the benefit of its creditors, or it is unable to pay its debts as they fall due; or

the Beneficiary fails to comply with any of the terms and conditions set out in this Agreement and fails to rectify any such failure within thirty (30) days of receiving written notice detailing the failure.

Wherever under the Agreement any sum of money is recoverable from or payable by the Beneficiary (including any sum that the Beneficiary is liable to pay to Met Office in respect of any breach of the Agreement), Met Office may unilaterally deduct that sum from any sum then due, or which at any later time may become due to the Beneficiary under the Agreement or under any other agreement or contract with Met Office.

The Beneficiary shall make any payments due to Met Office without any deduction whether by way of set-off, counterclaim, discount, abatement or otherwise.

Should the Beneficiary be subject to financial or other difficulties which are capable of having a material impact on its effective delivery of the Grant Activities or compliance with this Agreement it will notify Met Office immediately so that, if possible, and without creating any legal obligation, Met Office will have an opportunity to provide assistance in resolving the problem or to take action to protect Met Office and the Grant monies.

[bookmark: a492774][bookmark: _Toc477945138]Anti-discrimination

[bookmark: a777125][bookmark: a189652][bookmark: _Toc477945139]Neither party shall unlawfully discriminate within the meaning and scope of any law, enactment, order, or regulation relating to discrimination (whether in race, gender, religion, disability, sexual orientation, age or otherwise) in employment.

The parties shall take all reasonable steps to secure the observance of clause 14.1 by all servants, employees or agents and all suppliers and sub-contractors engaged in the Grant Activities.

Human rights

[bookmark: a133655][bookmark: _Toc477945140]The Parties shall (and shall use its reasonable endeavours to procure that its staff shall) at all times comply with the provisions of the Human Rights Act 1998 in the performance of this Agreement as if each Party were a public body (as defined in the Human Rights Act 1998).

Each Party shall undertake, or refrain from undertaking, such acts as the other Party requests to enable compliance with its obligations under the Human Rights Act 1998.

Limitation of liability

[bookmark: a878496]Met Office accepts no liability for any consequences, whether direct or indirect, that may come about from the Beneficiary running the Grant Activities, the use of the Grant or following withdrawal of the Grant. Subject to the limitation of liability set out in clause 16.3, the Beneficiary shall indemnify and hold harmless Met Office, its employees, agents, officers or sub-contractors with respect to all claims, demands, actions, costs, expenses, losses, damages and all other liabilities arising from or incurred by reason of the actions and/or omissions of the Beneficiary in relation to the Grant Activities, the non-fulfilment of obligations of the Beneficiary under this Agreement or its obligations to third parties.

Subject to clause 16.1 and 16.4, Met Office's liability under this Agreement is limited to the value of the Grant. 

Subject to clause 16.4, the Beneficiary’s liability under this Agreement shall not extend to loss of business or profit or to any indirect damages or indirect losses arising out of any breach of this Agreement. The aggregate liability of the Beneficiary to the Met Office in respect of all claims arising from breach of this Agreement, any negligence and under the indemnity in Clause 16.1, shall be limited to the maximum level of the Beneficiary’s applicable Required Insurance or £1 million, whichever is the greater. 

16. 4	Nothing in this Agreement limits or excludes either Party’s liability for:

(a)          death or personal injury resulting from negligence; or

(b)          any fraud or for any sort of other liability which, by law, cannot be limited or excluded.



16. 5	The Beneficiary accepts no liability for any use which may be made of any work carried out under or pursuant to this Agreement or of the results of the Grant Activities, nor for any reliance which may be placed on such work or results, nor for any advice given in connection with them. Met Office undertakes to make no claim in connection with this Agreement or its subject matter against any employees, students, agents or appointees of the Beneficiary (apart from claims based on fraud or wilful misconduct). This undertaking is intended to give protection to individual researchers; it does not prejudice any rights which either party might have to claim against the other party.

[bookmark: a90929][bookmark: _Toc477945141]Warranties

17.1	The Beneficiary warrants, undertakes and agrees that:

it has all necessary resources and expertise to deliver the Grant Activities (assuming due receipt of the Grant);

it has not committed, nor shall it commit, any Prohibited Act;

it shall at all times comply with all relevant legislation and all applicable codes of practice and other similar codes or recommendations, and shall notify Met Office immediately of any significant departure from such legislation, codes or recommendations;

it shall comply with the requirements of the Health and Safety at Work etc. Act 1974 and any other acts, orders, regulations and codes of practice relating to health and safety, which may apply to employees and other persons working on the Grant Activities;

it has and shall keep in place adequate procedures for dealing with any conflicts of interest;

it has and shall keep in place systems to deal with the prevention of fraud and/or administrative malfunction;

all financial and other information concerning the Beneficiary which has been disclosed to Met Office is to the best of its knowledge and belief, true and accurate;

it is not subject to any contractual or other restriction imposed by its own or any other organisation's rules or regulations or otherwise which may prevent or materially impede it from meeting its obligations in connection with the Grant;

it is not aware of anything in its own affairs, which it has not disclosed to Met Office or any of Met Office's advisers, which might reasonably have influenced the decision of Met Office to make the Grant on the terms contained in this Agreement; and

since the date of its last accounts there has been no material change in its financial position or prospects.

The Met Office warrants, undertakes and agrees that:

it has not committed, nor shall it commit, any Prohibited Act;

it has and shall keep in place adequate procedures for dealing with any conflicts of interest;

it has and shall keep in place systems to deal with the prevention of fraud and/or administrative malfunction.

[bookmark: a166519][bookmark: _Toc477945142]Insurance

The Beneficiary shall effect and maintain with a reputable insurance company (or by way of self-insurance) a policy or policies in respect of all risks which may be incurred by the Beneficiary, arising out of the Beneficiary's performance of the Agreement, including death or personal injury, loss of or damage to property or any other loss (the “Required Insurances”).

The Required Insurances referred to above include (but are not limited to):

public liability insurance with a limit of indemnity of not less than ten million pounds (£10,000,000) in relation to any one claim or series of claims arising from the Grant Activities; and

employer's liability insurance with a limit of indemnity of not less than five million pounds (£5,000,000) in relation to any one claim or series of claims arising from the Grant Activities; and

professional indemnity insurance (or equivalent confirmation that the risk can be covered by the organisation) with a limit of indemnity of not less than one million pounds (£1,000,000) in relation to any one claim or series of claims arising from the Grant Activities.

The Beneficiary shall (on request) supply to Met Office a copy of such insurance policies and evidence that the relevant premiums have been paid.

[bookmark: a426915][bookmark: _Toc477945143]Duration

Except where otherwise specified, the terms of this Agreement shall apply from the date of this Agreement until the anniversary of expiry of the Grant Award.

Any obligations under this Agreement that remain unfulfilled following the expiry or termination of the Agreement shall survive such expiry or termination and continue in full force and effect until they have been fulfilled.

[bookmark: a832806][bookmark: _Toc477945144]Termination

Met Office may terminate this Agreement and any Grant payments on giving the Beneficiary one (1) months' written notice should it be required to do so by financial restraints or for any other reason.

[bookmark: a1016979][bookmark: _Toc477945145]Assignment

The Beneficiary may not, without the prior written consent of Met Office, assign, transfer, sub-contract, or in any other way make over to any third party the benefit and/or the burden of this Agreement or, except as contemplated as part of the Grant Activities, transfer or pay to any other person any part of the Grant.

[bookmark: a81068][bookmark: _Toc477945146]Waiver

No failure or delay by either party to exercise any right or remedy under this Agreement shall be construed as a waiver of any other right or remedy.

[bookmark: a470909][bookmark: _Toc477945147]Notices

All notices and other communications in relation to this Agreement shall be in writing and shall be deemed to have been duly given if personally delivered, e-mailed, or mailed (first class postage prepaid) to the address of the relevant party, as referred to above or otherwise notified in writing. If personally delivered or if e-mailed all such communications shall be deemed to have been given when received (except that if received on a non-Working Day or after 5.00 pm on any Working Day they shall be deemed received on the next Working Day) and if mailed all such communications shall be deemed to have been given and received on the second Working Day following such mailing.

[bookmark: a193195][bookmark: _Toc477945148]Dispute resolution

In the event of any complaint or dispute (which does not relate to Met Office's right to withhold funds) arising between the parties to this Agreement in relation to this Agreement the matter should first be referred for resolution to the Project Manager or any other individual nominated by Met Office from time to time and in the case of the Beneficiary the individual nominated by the Beneficiary from time to time.	

[bookmark: a545096]Should the complaint or dispute remain unresolved within fourteen (14) days of the matter first being referred to the Project Manager or other nominated individual, as the case may be, either party may refer the matter to the Chief Executive of Met Office and the Chair/Chief Executive/Vice-Chancellor of the Beneficiary with an instruction to attempt to resolve the dispute by agreement within twenty-eight (28) days, or such other period as may be mutually agreed by Met Office and the Beneficiary.

In the absence of agreement under clause 24.2, the parties may seek to resolve the matter through mediation under the CEDR Model Mediation Procedure (or such other appropriate dispute resolution model as is agreed by both parties). Unless otherwise agreed, the parties shall bear the costs and expenses of the mediation equally.

[bookmark: a428184][bookmark: _Toc477945149]No partnership or agency

This Agreement shall not create any partnership or joint venture between Met Office and the Beneficiary, nor any relationship of principal and agent, nor authorise any party to make or enter into any commitments for or on behalf of the other party.

[bookmark: a808666][bookmark: _Toc477945150]Joint and several liability

Where the Beneficiary is not a company nor an incorporated entity with a distinct legal personality of its own, the individuals who enter into and sign this Agreement on behalf of the Beneficiary shall be jointly and severally liable for the Beneficiary's obligations and liabilities arising under this Agreement.

[bookmark: a701853][bookmark: _Toc477945151]Contracts (Rights of Third Parties) Act 1999

This Agreement does not and is not intended to confer any contractual benefit on any person pursuant to the terms of the Contracts (Rights of Third Parties) Act 1999.

[bookmark: _Toc477945152][bookmark: a474954]Basis of Contract

The terms of this Agreement shall apply and prevail over any inconsistent terms or conditions contained or referred to in any of the following; the Beneficiaries invoice, acceptance of a purchase order or specification or any other document supplied by the Beneficiary, or implied by law, trade custom, practice or course of dealing.

[bookmark: _Toc477945153]Governing law

This Agreement shall be governed by and construed in accordance with the law of England and the parties irrevocably submit to the exclusive jurisdiction of the English courts.
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