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What business does industry have in weather?



About our team

Relevant research areas: 
ML for simulation 
Graph neural networks

PhD/postdoc in 
computational cognitive 
psychology. Worked on 
generative models and 
physical reasoning

Joined GDM 9 years ago Co-lead GDM Weather efforts 
Co-lead GDM Sustainability Program

Me (Peter Battaglia)

Backgrounds of some key team members

Background in quantum 
optics. GDM Research 

Engineer for 6 years

Background in math/
stats. GDM Research 
Engineer for 7 years

Background in aerospace 
engineering and climate. GDM 
Research Scientist for 5 years
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Our mission: "Build AI responsibly to benefit humanity" 



About Google DeepMind (GDM)

GDM is an R&D unit within Google.  

Our mission: "Build AI responsibly to benefit humanity" 

Historically, GDM conducted more open-ended research,  

but now the path from R → D → Product is shorter and straighter 

Why? 

1. ML tools have matured, and scaled to real-world challenges 

2. Application areas have become easier to interface with 

a. Bigger, better curated data 

b.Standardized metrics for evaluating performance 

3. More ML experts with domain expertise, and vice versa
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R&D: Why the path from R → D → Product is shorter and straighter

1.  ML tools have matured, and scaled to real-world challenges 
Example of some of our early work that preceded GraphCast and weather modeling

Nodes: bodies
Edges: gravitational forces

Nodes: balls
Edges: rigid collisions between objects

Nodes: masses
Edges: springs and rigid collisions

Battaglia et al., 2016, NeurIPS

N-body: 3-9 nodes Rigids: 7-13 nodes String: 6-31 nodes



R&D: Why the path from R → D → Product is shorter and straighter

1.  ML tools have matured, and scaled to real-world challenges 
As has happened across ML, we built more sophisticated methods and tested them on more complex systems

Sanchez-Gonzalez et al., 2020, ICML

d✓

<latexit sha1_base64="nE73T9eRJLfcXyuQQcLQ7L/NSko=">AAACCHicbVDLSsNAFJ3UV62vqks3g0VwVZJS0GXBjcsK9gFtKJPJpBk6mQkzN0IJ/QGXbvUj3Ilb/8Jv8CectlnY1gMXDufcy733BKngBlz32yltbe/s7pX3KweHR8cn1dOzrlGZpqxDlVC6HxDDBJesAxwE66eakSQQrBdM7uZ+74lpw5V8hGnK/ISMJY84JWClfjgaQsyAjKo1t+4ugDeJV5AaKtAeVX+GoaJZwiRQQYwZeG4Kfk40cCrYrDLMDEsJnZAxG1gqScKMny/uneErq4Q4UtqWBLxQ/07kJDFmmgS2MyEQm3VvLv7nDTKIbv2cyzQDJulyUZQJDArPn8ch14yCmFpCqOb2VkxjogkFG9HqFjFWtiFOGvYZm463nsUm6TbqXrPefGjWWs0ipzK6QJfoGnnoBrXQPWqjDqJIoBf0it6cZ+fd+XA+l60lp5g5Rytwvn4BCNOaYw==</latexit>

Update

<latexit sha1_base64="dx/DLB+2YgKIzz8J93z5l13N0KU=">AAACBnicbVBNS8NAEN34WetX1aOXxSJ4Kkkp6LHgxWMF0xbaUDabTbt2Nxt2J0IJvXv0qj/Cm3j1b/gb/BNu2xxs64OBx3szzMwLU8ENuO63s7G5tb2zW9or7x8cHh1XTk7bRmWaMp8qoXQ3JIYJnjAfOAjWTTUjMhSsE45vZ37niWnDVfIAk5QFkgwTHnNKwEptP40IsEGl6tbcOfA68QpSRQVag8pPP1I0kywBKogxPc9NIciJBk4Fm5b7mWEpoWMyZD1LEyKZCfL5tVN8aZUIx0rbSgDP1b8TOZHGTGRoOyWBkVn1ZuJ/Xi+D+CbIeZJmwBK6WBRnAoPCs9dxxDWjICaWEKq5vRXTEdGEgg1oeYsYKtswknX7jE3HW81inbTrNa9Ra9zXq81GkVMJnaMLdIU8dI2a6A61kI8oekQv6BW9Oc/Ou/PhfC5aN5xi5gwtwfn6BWX+mXs=</latexit>

xi

<latexit sha1_base64="o+q+3RyI9+o0o6Yl/gGV2k97X3I=">AAACDHicbVDLSsNAFL3xWeur6tJNsAiuSlIKuiy4cVnBPqAJZTKdtEPnEWYmYgn9BZdu9SPciVv/wW/wJ5y0WdjWAwOHc+7lnjlRwqg2nvftbGxube/slvbK+weHR8eVk9OOlqnCpI0lk6oXIU0YFaRtqGGklyiCeMRIN5rc5n73kShNpXgw04SEHI0EjSlGxkpBwJEZR3H2NBvQQaXq1bw53HXiF6QKBVqDyk8wlDjlRBjMkNZ930tMmCFlKGZkVg5STRKEJ2hE+pYKxIkOs3nmmXtplaEbS2WfMO5c/buRIa71lEd2Ms+oV71c/M/rpya+CTMqktQQgReH4pS5Rrp5Ae6QKoINm1qCsKI2q4vHSCFsbE3LV9hI2oExr9vP2Hb81S7WSade8xu1xn2j2mwUPZXgHC7gCny4hibcQQvagCGBF3iFN+fZeXc+nM/F6IZT7JzBEpyvX5trnFw=</latexit>

v0
i

<latexit sha1_base64="MM0Dt+bH5t8Xia8T3E22+f67fLc=">AAACDnicbVDLSgMxFL3js9ZX1aWbYBFclZlS0GXBjcsK9gHttGTSTBuaZIYkUyhD/8GlW/0Id+LWX/Ab/Akz7Sxs64HA4Zx7uScniDnTxnW/na3tnd29/cJB8fDo+OS0dHbe0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTuY3Gd+e0qVZpF8MrOY+gKPJAsZwcZK/Z7AZhyE6XTedwdsUCq7FXcBtEm8nJQhR2NQ+ukNI5IIKg3hWOuu58bGT7EyjHA6L/YSTWNMJnhEu5ZKLKj200XqObq2yhCFkbJPGrRQ/26kWGg9E4GdzFLqdS8T//O6iQnv/JTJODFUkuWhMOHIRCirAA2ZosTwmSWYKGazIjLGChNji1q9wkeRHRiLqv2Mbcdb72KTtKoVr1apPdbK9VreUwEu4QpuwINbqMMDNKAJBBS8wCu8Oc/Ou/PhfC5Ht5x85wJW4Hz9AtFqnPw=</latexit>

e0i,j

<latexit sha1_base64="EA58GTTUFUPeOoLMCo5cRQ5lATs=">AAACFHicbVC7TsMwFHV4lvIKZWSxqJAYUJVUkWCsxMJYJPqQ2hI5rtOa2nFkO4gqym8wssJHsCFWdr6Bn8BpM9CWI1k6Oude3eMTxIwq7Tjf1tr6xubWdmmnvLu3f3BoH1XaSiQSkxYWTMhugBRhNCItTTUj3VgSxANGOsHkOvc7j0QqKqI7PY3JgKNRREOKkTaSb1f6HOlxEKYku3f8lF48ZL5ddWrODHCVuAWpggJN3/7pDwVOOIk0ZkipnuvEepAiqSlmJCv3E0VihCdoRHqGRogTNUhn2TN4ZpQhDIU0L9Jwpv7dSBFXasoDM5knVcteLv7n9RIdXg1SGsWJJhGeHwoTBrWAeRFwSCXBmk0NQVhSkxXiMZIIa1PX4hU2EmZgzOvmM6Ydd7mLVdKu11yv5t161YZX9FQCJ+AUnAMXXIIGuAFN0AIYPIEX8ArerGfr3fqwPueja1axcwwWYH39Al/EntI=</latexit>

v0
j

<latexit sha1_base64="jyE9FVANU3acfSW6HZ2A8CYdfcM=">AAACDnicbVDLSgMxFM3UV62vqks3wSK4KjNlQJcFNy4r2Ae005JJM21sHkOSKZSh/+DSrX6EO3HrL/gN/oSZdha29UDgcM693JMTxoxq47rfTmFre2d3r7hfOjg8Oj4pn561tEwUJk0smVSdEGnCqCBNQw0jnVgRxENG2uHkLvPbU6I0leLRzGIScDQSNKIYGSv1exyZcRil03nfHTwNyhW36i4AN4mXkwrI0RiUf3pDiRNOhMEMad313NgEKVKGYkbmpV6iSYzwBI1I11KBONFBukg9h1dWGcJIKvuEgQv170aKuNYzHtrJLKVe9zLxP6+bmOg2SKmIE0MEXh6KEgaNhFkFcEgVwYbNLEFYUZsV4jFSCBtb1OoVNpJ2YMxr9jO2HW+9i03SqlU9v+o/+JW6n/dUBBfgElwDD9yAOrgHDdAEGCjwAl7Bm/PsvDsfzudytODkO+dgBc7XL9MHnP0=</latexit>

vm
i

<latexit sha1_base64="6yxeFdMRmeSuWhewsYDAJn3mCcE=">AAACDnicbVDLSgMxFL3js9ZX1aWbYBFclZlS0GXBjcsK9gHttGTSTBuaZIYkUyhD/8GlW/0Id+LWX/Ab/Akz7Sxs64HA4Zx7uScniDnTxnW/na3tnd29/cJB8fDo+OS0dHbe0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTuY3Gd+e0qVZpF8MrOY+gKPJAsZwcZK/Z7AZhyE6XTeFwM2KJXdirsA2iReTsqQozEo/fSGEUkElYZwrHXXc2Pjp1gZRjidF3uJpjEmEzyiXUslFlT76SL1HF1bZYjCSNknDVqofzdSLLSeicBOZin1upeJ/3ndxIR3fspknBgqyfJQmHBkIpRVgIZMUWL4zBJMFLNZERljhYmxRa1e4aPIDoxF1X7GtuOtd7FJWtWKV6vUHmvlei3vqQCXcAU34MEt1OEBGtAEAgpe4BXenGfn3flwPpejW06+cwErcL5+ATRcnTk=</latexit>

emi,j

<latexit sha1_base64="fWBXWQO7sBW/E8khYhlG66Oeaxs=">AAACFHicbVC7TsMwFHV4lvIKZWSxqJAYUJVUkWCsxMJYJPqQ2hI5rtOa2nFkO4gqym8wssJHsCFWdr6Bn8BpM9CWI1k6Oude3eMTxIwq7Tjf1tr6xubWdmmnvLu3f3BoH1XaSiQSkxYWTMhugBRhNCItTTUj3VgSxANGOsHkOvc7j0QqKqI7PY3JgKNRREOKkTaSb1f6HOlxEKYku+d+Si8eMt+uOjVnBrhK3IJUQYGmb//0hwInnEQaM6RUz3ViPUiR1BQzkpX7iSIxwhM0Ij1DI8SJGqSz7Bk8M8oQhkKaF2k4U/9upIgrNeWBmcyTqmUvF//zeokOrwYpjeJEkwjPD4UJg1rAvAg4pJJgzaaGICypyQrxGEmEtalr8QobCTMw5nXzGdOOu9zFKmnXa65X8269asMreiqBE3AKzoELLkED3IAmaAEMnsALeAVv1rP1bn1Yn/PRNavYOQYLsL5+AcObnw8=</latexit>

em+1
i,j

<latexit sha1_base64="ZPbDpb/FsB6W11nLRsKTK1rgJ8I=">AAACGHicbVDLSsNAFJ3UV62vqODGzWARBKUkJaDLghuXFewD2hgm00k7diYJMxOhxPyIS7f6Ee7ErTu/wZ9w0mZhWw8MHM65l3vm+DGjUlnWt1FaWV1b3yhvVra2d3b3zP2DtowSgUkLRywSXR9JwmhIWooqRrqxIIj7jHT88XXudx6JkDQK79QkJi5Hw5AGFCOlJc886nOkRn6Qkuw+5ed25qX04iHzzKpVs6aAy8QuSBUUaHrmT38Q4YSTUGGGpOzZVqzcFAlFMSNZpZ9IEiM8RkPS0zREnEg3nebP4KlWBjCIhH6hglP170aKuJQT7uvJPK1c9HLxP6+XqODKTWkYJ4qEeHYoSBhUEczLgAMqCFZsognCguqsEI+QQFjpyuavsGGkB0a8rj+j27EXu1gm7XrNdmrOrVNtOEVPZXAMTsAZsMElaIAb0AQtgMETeAGv4M14Nt6ND+NzNloyip1DMAfj6xebJqCL</latexit>

vm+1
i

<latexit sha1_base64="IUzod+b9A2xfmFN7REG4xbjxQ6Y=">AAACFHicbVDLSsNAFJ34rPUV69JNsAiCUJIS0GXBjcsK9gFtLJPppB06jzAzKZaQ33DpVj/Cnbh17zf4E07aLGzrgYHDOfdyz5wwpkRp1/22Nja3tnd2S3vl/YPDo2P7pNJWIpEIt5CgQnZDqDAlHLc00RR3Y4khCynuhJPb3O9MsVRE8Ac9i3HA4IiTiCCojTSwK30G9TiM0mn2mLIrLxuQgV11a+4czjrxClIFBZoD+6c/FChhmGtEoVI9z411kEKpCaI4K/cThWOIJnCEe4ZyyLAK0nn2zLkwytCJhDSPa2eu/t1IIVNqxkIzmSdVq14u/uf1Eh3dBCnhcaIxR4tDUUIdLZy8CGdIJEaazgyBSBKT1UFjKCHSpq7lK3QkzMCY1c1nTDveahfrpF2veX7Nv/erDb/oqQTOwDm4BB64Bg1wB5qgBRB4Ai/gFbxZz9a79WF9LkY3rGLnFCzB+voFgVie5g==</latexit>

(b)

(c) (e)(d)

(a) Xt0

<latexit sha1_base64="FFNUwHHZRtxXaCXRYfUeptosCzE=">AAACB3icbVDLSgNBEOz1GeMr6tHLYBA8hd0Q0GPAi8cI5gHJGmYns8mQeSwzs0JY8gEevepHeBOvfobf4E84SfZgEgsaiqpuuruihDNjff/b29jc2t7ZLewV9w8Oj45LJ6cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1O4+Z7fvTfqnsV/w50DoJclKGHI1+6ac3UCQVVFrCsTHdwE9smGFtGeF0WuylhiaYjPGQdh2VWFATZvNzp+jSKQMUK+1KWjRX/05kWBgzEZHrFNiOzKo3E//zuqmNb8KMySS1VJLFojjlyCo0+x0NmKbE8okjmGjmbkVkhDUm1iW0vIUPlWsYiap7xqUTrGaxTlrVSlCr1O5r5Xotz6kA53ABVxDANdThDhrQBAJjeIFXePOevXfvw/tctG54+cwZLMH7+gUL25nV</latexit>

X̃tK

<latexit sha1_base64="JKqdNdDDw0syQmrxVhW8095cHk4=">AAACEXicbVDLSsNAFJ34rPXRqEs3wSK4KkkJ6LLgRnBTwT6gjWEymbRDJ5MwcyOUkK9w6VY/wp249Qv8Bn/CaZuFbT0wcDjnXO6dE6ScKbDtb2Njc2t7Z7eyV90/ODyqmccnXZVkktAOSXgi+wFWlDNBO8CA034qKY4DTnvB5Gbm956oVCwRDzBNqRfjkWARIxi05Ju1ITAe0rxfPObg3xW+Wbcb9hzWOnFKUkcl2r75MwwTksVUAOFYqYFjp+DlWAIjnBbVYaZoiskEj+hAU4Fjqrx8fnhhXWgltKJE6ifAmqt/J3IcKzWNA52MMYzVqjcT//MGGUTXXs5EmgEVZLEoyrgFiTVrwQqZpAT4VBNMJNO3WmSMJSagu1rewkeJDozjpv6MbsdZ7WKddJsNx22492695ZY9VdAZOkeXyEFXqIVuURt1EEEZekGv6M14Nt6ND+NzEd0wyplTtATj6xd5x53X</latexit>

Construct graph

<latexit sha1_base64="KgZz/W1U1ZSTbiYjGx8yvaxjGkE=">AAACEXicbVDLSgMxFM3UV62Pjrp0EyyCqzJTCrosdOOygn1AO5RMmmlDM8mQ3BHK0K9w6VY/wp249Qv8Bn/CtJ2FbT0QOJxzLvfmhIngBjzv2yns7O7tHxQPS0fHJ6dl9+y8Y1SqKWtTJZTuhcQwwSVrAwfBeolmJA4F64bT5sLvPjFtuJKPMEtYEJOx5BGnBKw0dMtNJQ3olAIea5JMhm7Fq3pL4G3i56SCcrSG7s9gpGgaMwlUEGP6vpdAkBENnAo2Lw1SwxJCp2TM+pZKEjMTZMvD5/jaKiMcKW2fBLxU/05kJDZmFoc2GROYmE1vIf7n9VOI7oKMyyQFJulqUZQKDAovWsAjrhkFMbOEUM3trZhOiCYUbFfrW8RY2cAkrtnP2Hb8zS62SadW9evV+kOt0qjnPRXRJbpCN8hHt6iB7lELtRFFKXpBr+jNeXbenQ/ncxUtOPnMBVqD8/ULGHudmg==</latexit>

Pass messages

<latexit sha1_base64="9tacSZQOx3eLpABdYEbeVlXf9UU=">AAACDXicbVDLSgMxFL3js9ZX1aWbYBFclZlS0GXBjcsK9gHtUDJppg3NY0wyQhn6DS7d6ke4E7d+g9/gT5i2s7CtFwKHc8595EQJZ8b6/re3sbm1vbNb2CvuHxweHZdOTltGpZrQJlFc6U6EDeVM0qZlltNOoikWEaftaHw709tPVBum5IOdJDQUeChZzAi2jgob2BgkqDF4SE2/VPYr/rzQOghyUIa8Gv3ST2+gSCqotIS7Sd3AT2yYYW0Z4XRa7KWGJpiM3fCugxK7TWE2P3qKLh0zQLHS7kmL5uzfjgwLYyYick6B7cisajPyP62b2vgmzJhMUkslWSyKU46sQrME0IBpSiyfOICJZu5WREZYY2JdTstb+FA5w0hU3WdcOsFqFuugVa0EtUrtvlqu1/KcCnAOF3AFAVxDHe6gAU0g8Agv8Apv3rP37n14nwvrhpf3nMFSeV+/0IOcbQ==</latexit>

Extract dynamics info

<latexit sha1_base64="ZKYSFsM/df4nTI3cKPXEj+eVBeA=">AAACF3icbVDLSgMxFM34rPU1Kq7cBIvgqsyUgi4LIrisYB/QDiWTZtrQPIYkIw5DP8SlW/0Id+LWpd/gT5hpZ2FbDwQO59zLuTlhzKg2nvftrK1vbG5tl3bKu3v7B4fu0XFby0Rh0sKSSdUNkSaMCtIy1DDSjRVBPGSkE05ucr/zSJSmUjyYNCYBRyNBI4qRsdLAPb19MgphA4epQJxiDamI5MCteFVvBrhK/IJUQIHmwP3pDyVOOBEGM6R1z/diE2RIGYoZmZb7iSYxwhM0Ij1LbRTRQTY7fwovrDKEkVT2CQNn6t+NDHGtUx7aSY7MWC97ufif10tMdB1kVMSJIQLPg6KEQSNh3gUcUkWwYaklCCtqb4V4jPI6bGOLKWwk7cCY1+xnbDv+cherpF2r+vVq/b5WadSLnkrgDJyDS+CDK9AAd6AJWgCDDLyAV/DmPDvvzofzOR9dc4qdE7AA5+sXmiyf/g==</latexit>

Learned simulator, s✓

<latexit sha1_base64="5WSv3EZZle02BJIlGhj8/bkroYM=">AAACH3icbVDLSgNBEJz1/TbqUYTBKHiQsBsCehS8ePCgYFRIQuiddJLBeSwzvUIInvwSj171I7yJ13yDP+HkcfBVMFBUVdPTlWZKeorjQTQ1PTM7N7+wuLS8srq2XtjYvPY2dwKrwirrblPwqKTBKklSeJs5BJ0qvEnvTof+zT06L625ol6GDQ0dI9tSAAWpWdg5R3AGW9xLnSsg6w75nm/WqYsEe81CMS7FI/C/JJmQIpvgoln4rLesyDUaEgq8ryVxRo0+OJJC4cNSPfeYgbiDDtYCNaDRN/qjMx74flBavG1deIb4SP0+0QftfU+nIamBuv63NxT/82o5tY8bfWmynNCI8aJ2rjhZPuyEt6RDQaoXCAgnw1+56IIDQaG5n1tUx4ZAV5fDMaGd5HcXf8l1uZRUSpXLcvGkMulpgW2zXXbAEnbETtgZu2BVJtgje2Yv7DV6it6i9+hjHJ2KJjNb7AeiwRcAXaLC</latexit>

+ + Y

<latexit sha1_base64="C1xyllpmZMUYK+XNx5+4VuBPsq8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF48t2A9pQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX1atVas1ap1/I4inAG53AJHlxDHe6gAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDtU2M1g==</latexit>

Encoder

<latexit sha1_base64="2+XkK014vL90vl0Ij8Xd5rhJ1O0=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BIvgqSSloMeCCB4r2FZoQ9lsJu3SzSbsTool9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5QSq4Rtf9tkobm1vbO+Xdyt7+weGRfXzS0UmmGLRZIhL1GFANgktoI0cBj6kCGgcCusH4Zu53J6A0T+QDTlPwYzqUPOKMopEGtt1HeELN8lvJkhDUbGBX3Zq7gLNOvIJUSYHWwP7qhwnLYpDIBNW657kp+jlVyJmAWaWfaUgpG9Mh9AyVNAbt54vLZ86FUUInSpQpic5C/T2R01jraRyYzpjiSK96c/E/r5dhdO3nXKYZgmTLRVEmHEyceQxOyBUwFFNDKFPc3OqwEVWUoQmrYkLwVl9eJ516zWvUGvf1arNRxFEmZ+ScXBKPXJEmuSMt0iaMTMgzeSVvVm69WO/Wx7K1ZBUzp+QPrM8fI56T8Q==</latexit>

Decoder

<latexit sha1_base64="MHO1RhIvSdZtp+JfFqB8966djGs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lKQY8FPXisYFuhDWWzmbRLNx/sTool9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5fiqFRsf5tkobm1vbO+Xdyt7+weGRfXzS0UmmOLR5IhP16DMNUsTQRoESHlMFLPIldP3xzdzvTkBpkcQPOE3Bi9gwFqHgDI00sO0+whNqnt8CTwJQs4FddWrOAnSduAWpkgKtgf3VDxKeRRAjl0zrnuuk6OVMoeASZpV+piFlfMyG0DM0ZhFoL19cPqMXRglomChTMdKF+nsiZ5HW08g3nRHDkV715uJ/Xi/D8NrLRZxmCDFfLgozSTGh8xhoIBRwlFNDGFfC3Er5iCnG0YRVMSG4qy+vk0695jZqjft6tdko4iiTM3JOLolLrkiT3JEWaRNOJuSZvJI3K7derHfrY9lasoqZU/IH1ucPFDmT5w==</latexit>
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R&D: Why the path from R → D → Product is shorter and straighter

1.  ML tools have matured, and scaled to real-world challenges 
As has happened across ML, we built more sophisticated methods and tested them on more complex systems

Sanchez-Gonzalez et al., 2020, ICML

Water, sand, goop: ~10k nodes



R&D: Why the path from R → D → Product is shorter and straighter

1.  ML tools have matured, and scaled to real-world challenges 
As has happened across ML, we built more sophisticated methods and tested them on more complex systems

Pfaff et al., 2021, ICLR

Cloth, deformable solids, fluids: ~10k nodes

(This "MeshGraphNets" model was also part of the technical foundation of Keisler et al. 2022)

https://arxiv.org/abs/2202.07575


R&D: Why the path from R → D → Product is shorter and straighter

1.  ML tools have matured, and scaled to real-world challenges 
Eventually we and others reached very mature systems that could scale to global weather modeling

Lam et al., 2023, Science

GraphCast: ~1m nodes

Also shout-outs to our Google/GDM colleagues: 

• MetNet: Sønderby/Espeholt/Andrychowicz et al 2020/22/23 

• DeepMind Nowcasting: Ravuri et al 2021 

• Neural GCM: Kochkov et al 2023

https://arxiv.org/abs/2306.06079
https://www.nature.com/articles/s41586-021-03854-z
https://arxiv.org/abs/2311.07222


R&D: Why the path from R → D → Product is shorter and straighter

1.  ML tools have matured, and scaled to real-world challenges 
A similar story unfolded for Stephan Hoyer's team: 2021 PNAS paper on ML-augmented numerical solvers

Kochkov et al., 2021, PNAS

https://www.pnas.org/doi/10.1073/pnas.2101784118


R&D: Why the path from R → D → Product is shorter and straighter

1.  ML tools have matured, and scaled to real-world challenges 
A similar story unfolded for Stephan Hoyer's team: 2023 pre-print on very competitive / SotA weather

Kochkov et al., 2023, arxiv

https://arxiv.org/abs/2311.07222


Surface E-W wind Temperature @ 500 hPaSurface temperature

R&D: Why the path from R → D → Product is shorter and straighter

2.  Application areas have become easier to interface with 
a.  Bigger, better curated data 

Datasets like ERA5, which represent decades of Earth's weather at 1* hour steps and 0.25° resolution, are invaluable for ML

Echoing Sergey's points in his talk: 
Data is the lifeblood of ML. More data. Higher quality data. This is the primary source of knowledge in ML algorithms, 
especially those with less inductive biases.



R&D: Why the path from R → D → Product is shorter and straighter

2.  Application areas have become easier to interface with 
b.  Standardized metrics for evaluating performance

ECMWF Scorecard: HRES 48r1 vs 47r3

Geopotential (z)North-south wind (v)East-west wind (u)

Specific humidity (q)Temperature (t) Surface temperature (t)

Surface east-west wind (10u)

Surface north-south wind (10v)

Mean sea-level pressure (msl)

Our Scorecard: GraphCast vs HRES

Lam et al., 2023, Science



R&D: Why the path from R → D → Product is shorter and straighter

2.  Application areas have become easier to interface with 
b.  Standardized metrics for evaluating performance

WeatherBench 2 by Rasp, Hoyer, et al 2023

https://sites.research.google/weatherbench/


Many ML experts bring along their background expertise in other technical domains. 
Similarly, people in many technical areas are developing strong ML expertise. 

This provides a critical bridge between the most technically sophisticated corners of ML 
and scientific communities. 

Through these interactions, powerful ML tools can be applied successfully to very 
challenge scientific domains.

R&D: Why the path from R → D → Product is shorter and straighter

3.  More ML experts with domain expertise, and vice versa



What business does industry have in weather?



Google has made commitments to sustainability

What business does industry have in weather? 
(speaking about Google, at least)

100%, 24/7 renewable energy by 2030

White paper

https://sustainability.google/
https://cloud.google.com/blog/topics/sustainability/5-years-of-100-percent-renewable-energy
https://www.gstatic.com/gumdrop/sustainability/247-carbon-free-energy.pdf


Google has made commitments to sustainability

What business does industry have in weather? 
(speaking about Google, at least)

1 gigaton/year CO2e reduction in cities

Environmental Insights Explorer

100%, 24/7 renewable energy by 2030

White paper

https://sustainability.google/
https://insights.sustainability.google/
https://blog.google/outreach-initiatives/sustainability/our-third-decade-climate-action-realizing-carbon-free-future/
https://cloud.google.com/blog/topics/sustainability/5-years-of-100-percent-renewable-energy
https://www.gstatic.com/gumdrop/sustainability/247-carbon-free-energy.pdf


What business does industry have in weather? 
(speaking about Google, at least)

Google Search: 24 h precipitation

https://blog.research.google/2023/11/metnet-3-state-of-art-neural-weather.html


What business does industry have in weather? 
(speaking about Google, at least)

Google Search: 24 h precipitation Flood forecasting

https://blog.research.google/2023/11/metnet-3-state-of-art-neural-weather.html
https://blog.google/outreach-initiatives/sustainability/flood-hub-ai-flood-forecasting-more-countries/


What business does industry have in weather? 
(speaking about Google, at least)

Google Search: 24 h precipitation Flood forecasting Wildfires

https://blog.research.google/2023/11/metnet-3-state-of-art-neural-weather.html
https://blog.google/outreach-initiatives/sustainability/flood-hub-ai-flood-forecasting-more-countries/
https://about.google/intl/ALL_us/stories/wildfire-safety-innovation/


What business does industry have in weather? 
(speaking about Google, at least)

Google Search: 24 h precipitation Flood forecasting

Extreme heat

Wildfires

https://blog.research.google/2023/11/metnet-3-state-of-art-neural-weather.html
https://blog.google/outreach-initiatives/sustainability/flood-hub-ai-flood-forecasting-more-countries/
https://blog.google/outreach-initiatives/sustainability/extreme-heat-support/
https://about.google/intl/ALL_us/stories/wildfire-safety-innovation/


What business does industry have in weather? 
(speaking about Google, at least)

Google Search: 24 h precipitation Flood forecasting

Extreme heat Contrails

Wildfires

https://blog.research.google/2023/11/metnet-3-state-of-art-neural-weather.html
https://blog.google/outreach-initiatives/sustainability/flood-hub-ai-flood-forecasting-more-countries/
https://blog.google/outreach-initiatives/sustainability/extreme-heat-support/
https://blog.google/technology/ai/ai-airlines-contrails-climate-change/
https://about.google/intl/ALL_us/stories/wildfire-safety-innovation/


What business does industry have in weather? 
(speaking about Google, at least)

Google Search: 24 h precipitation Flood forecasting

Extreme heat Contrails Sunroof

Wildfires

https://blog.research.google/2023/11/metnet-3-state-of-art-neural-weather.html
https://blog.google/outreach-initiatives/sustainability/flood-hub-ai-flood-forecasting-more-countries/
https://blog.google/outreach-initiatives/sustainability/extreme-heat-support/
https://blog.google/technology/ai/ai-airlines-contrails-climate-change/
https://sustainability.google/operating-sustainably/stories/project-sunroof/
https://about.google/intl/ALL_us/stories/wildfire-safety-innovation/


What business does industry have in weather? 
(speaking about Google, at least)

Google Search: 24 h precipitation Flood forecasting

Extreme heat Contrails Sunroof Air quality / BreezoMeter

Wildfires

https://blog.research.google/2023/11/metnet-3-state-of-art-neural-weather.html
https://blog.google/outreach-initiatives/sustainability/flood-hub-ai-flood-forecasting-more-countries/
https://blog.google/outreach-initiatives/sustainability/extreme-heat-support/
https://blog.google/technology/ai/ai-airlines-contrails-climate-change/
https://sustainability.google/operating-sustainably/stories/project-sunroof/
https://blog.google/intl/en-au/products/explore-get-answers/air-quality-on-maps-search/
https://about.google/intl/ALL_us/stories/wildfire-safety-innovation/


What business does industry have in weather? 

NVIDIA's Earth 2 IBM / NASA's geospatial foundation modelMicrosoft's ClimaX

Towards geospatial foundation models 

• General idea: jointly model many diverse 
geospatial data sources 

• Potential to capitalize on the strong coupling 
between the atmosphere, ocean, land, ice, 
ecology, human habitation and activity

https://www.nvidia.com/en-us/high-performance-computing/earth-2/
https://www.earthdata.nasa.gov/news/impact-ibm-hls-foundation-model
https://www.microsoft.com/en-us/research/group/autonomous-systems-group-robotics/articles/introducing-climax-the-first-foundation-model-for-weather-and-climate/


How can industry partner with the weather community?



Our aims 
• Develop more accurate, efficient weather models -- we've only scratched the surface 

• Support downstream use cases 

• Advance our sustainability objectives 

• Innovate methods for ML-based simulation

How can industry partner with the weather community?



Our aims 
• Develop more accurate, efficient weather models -- we've only scratched the surface 

• Support downstream use cases 

• Advance our sustainability objectives 

• Innovate methods for ML-based simulation

How can industry partner with the weather community?

We're very interested in building stronger relationships 
• Potential technical areas to partner on: 

• Domain expertise 

• Datasets 

• Verification / benchmarks 

• How to collaborate: 

• We have a partnerships team, and have lots of ways to proceed 

• I've covered our interests, but what does the weather community want, and want from us?



Our aims 
• Develop more accurate, efficient weather models -- we've only scratched the surface 

• Support downstream use cases 

• Advance our sustainability objectives 

• Innovate methods for ML-based simulation

How can industry partner with the weather community?

Let's discuss!

We're very interested in building stronger relationships 
• Potential technical areas to partner on: 

• Domain expertise 

• Datasets 

• Verification / benchmarks 

• How to collaborate: 

• We have a partnerships team, and have lots of ways to proceed 

• I've covered our interests, but what does the weather community want, and want from us?
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