
5. Wind driven circulation

• Εισαγωγικές έννοιες 

• Η θεωρία του Ekman 

• Η θεωρία του Sverdrup για 
την ανεµογενή κυκλοφορία 

• Το δυτικό όριο και οι 
προσεγγίσεις των Stommel 
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Κυκλώνας (Β.Η.) 
Cyclone

Αντικυκλώνας (Β.Η.) 
Anticyclone

<latexit sha1_base64="nPKErUBaGq2FrzpZ/nWfi6ZkvVM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48t2A9oQ9lsp+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBZcG9f9dgobm1vbO8Xd0t7+weFR+fikraNEMWyxSESqG1CNgktsGW4EdmOFNAwEdoLp3dzvPKHSPJIPJo3RD+lY8hFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHEkhClYYJq3fPc2PgZVYYzgbNSP9EYUzalY+xZKmmI2s8Wh87IhVWGZBQpW9KQhfp7IqOh1mkY2M6Qmole9ebif14vMaNbP+MyTgxKtlw0SgQxEZl/TYZcITMitYQyxe2thE2ooszYbEo2BG/15XXSvqp619Vas1ap1/I4inAG53AJHtxAHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD5nWM+A==</latexit>y

<latexit sha1_base64="yUaXGUYvNwCkYqPCWMk1IHLDprU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48t2FZoQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnGNzO/84hK81jemUmCfkSHkoecUWOl5lO/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVu6zWmrVKvZbHUYQTOIVz8OAK6nALDWgBA4RneIU358F5cd6dj0VrwclnjuEPnM8f5PGM9w==</latexit>x

<latexit sha1_base64="dTxBx4tZn0nTPbG/hTd50fK0bVE=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0J6jHgxWMENwkkS5idzCZD5rHMzIphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHfFKWfG+v63t7a+sbm1Xdop7+7tHxxWjo5bRmWa0JAornQnxoZyJmlomeW0k2qKRcxpOx7fzvz2I9WGKflgJymNBB5KljCCrZPaYT8X+Gnar1T9mj8HWiVBQapQoNmvfPUGimSCSks4NqYb+KmNcqwtI5xOy73M0BSTMR7SrqMSC2qifH7uFJ07ZYASpV1Ji+bq74kcC2MmInadAtuRWfZm4n9eN7PJTZQzmWaWSrJYlGQcWYVmv6MB05RYPnEEE83crYiMsMbEuoTKLoRg+eVV0rqsBVe1+n292qgXcZTgFM7gAgK4hgbcQRNCIDCGZ3iFNy/1Xrx372PRuuYVMyfwB97nD4vgj60=</latexit>

Umax

<latexit sha1_base64="gw2YtMszpJFr8JG3Dl6GFNrwD8g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF4+t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTjm5n/8IRK81jem0mCfkSHkoecUWOl5l2/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVu6zWmrVKvZbHUYQTOIVz8OAK6nALDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fq1mM0Q==</latexit>

R

<latexit sha1_base64="3O8b6bu1pr8UvfsGS543EzO83w0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD82BNyhX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uwxs/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbSvql69WruvVRq1PI4inME5XIIH19CAO2hCCxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gDNaY1z</latexit>

P1

<latexit sha1_base64="wpDyJz1e42PRaAEQvCyUjW0ZCII=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD81BbVCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophjd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqt5VtX5frzTqeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AHO7Y10</latexit>

P2

<latexit sha1_base64="nPKErUBaGq2FrzpZ/nWfi6ZkvVM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48t2A9oQ9lsp+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBZcG9f9dgobm1vbO8Xd0t7+weFR+fikraNEMWyxSESqG1CNgktsGW4EdmOFNAwEdoLp3dzvPKHSPJIPJo3RD+lY8hFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHEkhClYYJq3fPc2PgZVYYzgbNSP9EYUzalY+xZKmmI2s8Wh87IhVWGZBQpW9KQhfp7IqOh1mkY2M6Qmole9ebif14vMaNbP+MyTgxKtlw0SgQxEZl/TYZcITMitYQyxe2thE2ooszYbEo2BG/15XXSvqp619Vas1ap1/I4inAG53AJHtxAHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD5nWM+A==</latexit>y

<latexit sha1_base64="yUaXGUYvNwCkYqPCWMk1IHLDprU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48t2FZoQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnGNzO/84hK81jemUmCfkSHkoecUWOl5lO/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVu6zWmrVKvZbHUYQTOIVz8OAK6nALDWgBA4RneIU358F5cd6dj0VrwclnjuEPnM8f5PGM9w==</latexit>x

<latexit sha1_base64="dTxBx4tZn0nTPbG/hTd50fK0bVE=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0J6jHgxWMENwkkS5idzCZD5rHMzIphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHfFKWfG+v63t7a+sbm1Xdop7+7tHxxWjo5bRmWa0JAornQnxoZyJmlomeW0k2qKRcxpOx7fzvz2I9WGKflgJymNBB5KljCCrZPaYT8X+Gnar1T9mj8HWiVBQapQoNmvfPUGimSCSks4NqYb+KmNcqwtI5xOy73M0BSTMR7SrqMSC2qifH7uFJ07ZYASpV1Ji+bq74kcC2MmInadAtuRWfZm4n9eN7PJTZQzmWaWSrJYlGQcWYVmv6MB05RYPnEEE83crYiMsMbEuoTKLoRg+eVV0rqsBVe1+n292qgXcZTgFM7gAgK4hgbcQRNCIDCGZ3iFNy/1Xrx372PRuuYVMyfwB97nD4vgj60=</latexit>

Umax

<latexit sha1_base64="gw2YtMszpJFr8JG3Dl6GFNrwD8g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF4+t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTjm5n/8IRK81jem0mCfkSHkoecUWOl5l2/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVu6zWmrVKvZbHUYQTOIVz8OAK6nALDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fq1mM0Q==</latexit>

R

<latexit sha1_base64="3O8b6bu1pr8UvfsGS543EzO83w0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD82BNyhX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uwxs/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbSvql69WruvVRq1PI4inME5XIIH19CAO2hCCxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gDNaY1z</latexit>

P1

<latexit sha1_base64="wpDyJz1e42PRaAEQvCyUjW0ZCII=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD81BbVCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophjd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqt5VtX5frzTqeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AHO7Y10</latexit>

P2

<latexit sha1_base64="gcUp/QCzq133UepeCQGe7GEvrpU=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBi2W3FPUkBS8eV7Af0C4lm2bb0CS7JlmhLP0TXjwo4tW/481/Y9ruQVsfDDzem2FmXphwpo3rfjuFtfWNza3idmlnd2//oHx41NJxqghtkpjHqhNiTTmTtGmY4bSTKIpFyGk7HN/O/PYTVZrF8sFMEhoIPJQsYgQbK3X8fu3C927cfrniVt050CrxclKBHH6//NUbxCQVVBrCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi2VWFAdZPN7p+jMKgMUxcqWNGiu/p7IsNB6IkLbKbAZ6WVvJv7ndVMTXQcZk0lqqCSLRVHKkYnR7Hk0YIoSwyeWYKKYvRWREVaYGBtRyYbgLb+8Slq1qndZrd/XK416HkcRTuAUzsGDK2jAHfjQBAIcnuEV3pxH58V5dz4WrQUnnzmGP3A+fwA8z47C</latexit>

P2 � P1 > 0
<latexit sha1_base64="QElebi+z2L0NPOPSbgUY/mBbQKM=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgY7gLQS0sAjaWJ5gPSI6wt9lLluzunbt7QjjyJ2wsFLH179j5b9wkV2jig4HHezPMzAsTzrRx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThWhTRLzWHVCrClnkjYNM5x2EkWxCDlth+Pbmd9+okqzWD6YSUIDgYeSRYxgY6WO369d+N6N2y9X3Ko7B1olXk4qkMPvl796g5ikgkpDONa667mJCTKsDCOcTku9VNMEkzEe0q6lEguqg2x+7xSdWWWAoljZkgbN1d8TGRZaT0RoOwU2I73szcT/vG5qousgYzJJDZVksShKOTIxmj2PBkxRYvjEEkwUs7ciMsIKE2MjKtkQvOWXV0mrVvUuq/X7eqVRz+Mowgmcwjl4cAUNuAMfmkCAwzO8wpvz6Lw4787HorXg5DPH8AfO5w85xY7A</latexit>

P2 � P1 < 0

<latexit sha1_base64="3O8b6bu1pr8UvfsGS543EzO83w0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD82BNyhX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uwxs/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbSvql69WruvVRq1PI4inME5XIIH19CAO2hCCxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gDNaY1z</latexit>

P1
<latexit sha1_base64="wpDyJz1e42PRaAEQvCyUjW0ZCII=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD81BbVCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophjd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqt5VtX5frzTqeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AHO7Y10</latexit>

P2

<latexit sha1_base64="8+/b45ZB4/4ejlBlcQqqZn5Onoc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48t2FZoQ9lsJ+3azSbsboQa+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnGNzO/84hK81jemUmCfkSHkoecUWOl5lO/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVu6zWmrVKvZbHUYQTOIVz8OAK6nALDWgBA4RneIU358F5cd6dj0VrwclnjuEPnM8f5/mM+Q==</latexit>z

<latexit sha1_base64="yUaXGUYvNwCkYqPCWMk1IHLDprU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48t2FZoQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnGNzO/84hK81jemUmCfkSHkoecUWOl5lO/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVu6zWmrVKvZbHUYQTOIVz8OAK6nALDWgBA4RneIU358F5cd6dj0VrwclnjuEPnM8f5PGM9w==</latexit>x

<latexit sha1_base64="NvZbabH0f8kM0fDvd4LfHIpB6OM=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hV0J6jHgxWME88BkCbOTSTJkdmaZ6RXCkr/w4kERr/6NN//GSbIHTSxoKKq66e6KEiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVqeG8QbTUpt2RC2XQvEGCpS8nRhO40jyVjS+nfmtJ26s0OoBJwkPYzpUYiAYRSc9diMx1Chibnulsl/x5yCrJMhJGXLUe6Wvbl+zNOYKmaTWdgI/wTCjBgWTfFrsppYnlI3pkHccVdQtCbP5xVNy7pQ+GWjjSiGZq78nMhpbO4kj1xlTHNllbyb+53VSHNyEmVBJilyxxaJBKglqMnuf9IXhDOXEEcqMcLcSNqKGMnQhFV0IwfLLq6R5WQmuKtX7arlWzeMowCmcwQUEcA01uIM6NICBgmd4hTfPei/eu/exaF3z8pkT+APv8wfMzJD4</latexit>O

<latexit sha1_base64="3O8b6bu1pr8UvfsGS543EzO83w0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD82BNyhX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uwxs/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbSvql69WruvVRq1PI4inME5XIIH19CAO2hCCxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gDNaY1z</latexit>

P1
<latexit sha1_base64="wpDyJz1e42PRaAEQvCyUjW0ZCII=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD81BbVCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophjd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqt5VtX5frzTqeRxFOINzuAQPrqEBd9CEFjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AHO7Y10</latexit>

P2
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The geostrophic – hydrostatic limit Large L



Global atmospheric circulation

Coriolis Land/sea

Polar Easterlies

Westerlies

Trades

Polar Easterlies

Westerlies

Trades

Κ
ατανοµή του ανέµου µε το γεω

γραφικό πλάτος



where: 

ρα  air density (1.3 kg/m3) 
u10  wind speed at10 m (m/sec) 
cD  drag coefficient (unitless)

Wind stress on the sea

31041 −×= .cD

Measurements showed that cD 
is related to the wind speed 
(not a constant). Nevertheless, 
we  usually use a constant 
value for simplicity.
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Examples of cD used: 

Gale winds

Moderate winds

Weak winds~⌧ = cD⇢a|u10|~u10



Fridtjof Nansen (1898) Qualitative theory, currents transport water at 
an angle to the wind. 

Vagn Walfrid Ekman (1902) Quantitative theory for wind-driven transport 
at the sea surface.

Harald Sverdrup (1947) Theory for wind-driven circulation in the 
eastern Pacific.

Henry Stommel (1948) Theory for westward intensification of wind-
driven circulation (western boundary currents).

Walter Munk (1950) Quantitative theory for main features of the 
wind-driven circulation

Kirk Bryan (1963) Numerical models of the oceanic circulation.

Evolution of wind-driven circulation theory:

The surface wind effect (Nansen theory):

W + F + C = 0

Βασισµένος σε παρατηρήσεις 
της κίνησης παγόβουνων 

Fridtjof Nansen 
1861-1930

From Stewart, 2008: Introduction to Physical Oceanography



Η περιοχή µελέτης

Πως εξηγείται η δοµή της κυκλοφορίας (µε τα ίδια 
χαρακτηριστικά στους τρεις ωκεανούς); Αυτά θα 

µελετηθούν µε τις θεωρίες Ekman, Sverdrup, 
Stommel και Munk.
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+
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Conservation of momentum equations:

Conservation of mass equation:

Εξισώσεις εργασίας:

Ekman Theory

Vagn Walfrid Ekman 
1874-1954
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Ek =
Viscosity terms

Coriolis terms

AH

U

L2

1

fU
=

AH

fL2

AV
U

H2

1

fU
=

AV

fH2

⌧ 1

⇠ 1
Ro =

Non-linear terms

Coriolis terms
=

U

fL
⌧ 1

Υποθέσεις:

Θεωρώντας ότι το Η είναι το βάθος επίδρασης του ανέµου << του 
ολικού βάθους 

AHr2
H
~u ⌧ AV

@2~u

@z2

Geostrophic 
Layer 
(Interior)

~⌧

u, �

ug, �g

Ekman 
Layer

Για απλούστευση των λύσεων θα αγνοήσουµε µεταβολές στην πυκνότητα: ⇢ = ⇢0

Κινήσεις µεγάλης (οριζόντιας) κλίµακας: very large L

Και οι εξισώσεις κίνησης γίνονται:

(A)
�f� = � 1

⇢0

@p

@x
+AV

@2u

@z2

fu = � 1

⇢0

@p

@y
+AV

@2�

@z2

(B)
�f�g = � 1

⇢0

@p

@x

fug = � 1

⇢0

@p

@y

Η γεωστροφική ισορροπία συνεχίζει να ισχύει 
(ο άνεµος δηµιουργεί βαθµίδες πίεσης):

(Α) - (Β) 
�f (� � �g) = AV

@2u

@z2

f (u� ug) = AV
@2�

@z2

Ekman  
Equations



για απλούστευση θεωρούµε µόνο ζωνικό άνεµο:

Η λύση είναι:

Αντικαθιστώντας στην V : 

Οριακές συνθήκες:
at z = 0 99K ⇢0AV

@u

@z
= ⌧x; ⇢0AV

@�

@z
= 0

at z ! 1 99K u = ug; � = �g

⌧y = 0

Πολ/ζουµε (2) µε                     και προσθέτουµε 
την (1): 

i =
p
�1

�f (� � �g) = AV
@2u

@z2

f (u� ug) = AV
@2�

@z2

(1)

(2)

d2V

dz2
� if

AV
V = 0 (3), where V = u� ug + i (� � �g)

remember: ug, �g / z

V = Ae(1+i)z/� +Be�(1+i)z/�

where � =

s
2AV

f

B=0, αφού η λύση δεν µπορεί να απειρίζεται για z ! �1
Χρησιµοποιώντας τις δύο οριακές συνθήκες: A =

⌧x�(1� i)

2⇢0AV

u� ug + i (� � �g) =
⌧x�(1� i)

2⇢0AV
e
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Το βάθος του 
στρώµατος 
Ekman (Ekman 
layer) ορίζεται 
ως το βάθος 
όπου η ταχύτητα 
µειώνεται κατά 
ένα e (e-folding 
scale)

ΙI. Η κατακόρυφη κατανοµή της ταχύτητας 
Ekman:

Ekman Spiral 
(Η σπείρα του 

Ekman)

ΙI. Επιφανειακή ταχύτητα Ekman:

u = ug +
⌧x/⇢0p
fAV

ez/� cos

 
�
z

�
+

⇡

4

!
� = �g �

⌧x/⇢0p
fAV

ez/� sin

 
�
z

�
+

⇡

4

!

at z = 0

usurface = ug +
⌧x/⇢0p
fAV

cos

 
⇡

4

!

�surface = �g �
⌧x/⇢0p
fAV

sin

 
⇡

4

!

� =

s
2AV

f

45o
~⌧

~uEkman = ~u� ~ug

at z = 0

usurface = ug +
⌧x/⇢0p
fAV

cos

 
⇡

4

!

�surface = �g �
⌧x/⇢0p
fAV

sin

 
⇡

4

!

~⌧
~uEkman(surface)

~uEkman(z)

�



Ekman Transport 45o

90o

Surface Current

Ekman Transport

ΙIΙ. Η κατά βάθος ολοκληρωµένη µεταφορά Ekman (Ekman transport):

Coastal upwelling

Open sea upwelling/downwelling

Συνέπειες:

UE =

Z 0

�1
(u� ug) dz =

1

⇢0f
⌧y

VE =

Z 0

�1
(� � �g) dz = �

1

⇢0f
⌧x

Ολοκληρώνοντας την ταχύτητα λόγω επίδρασης του ανέµου               από την 
επιφάνεια µέχρι το εσωτερικό του ωκεανού:

(~u� ~ug)

K

K

O

O

~⌧

~UE

Η σύγκλιση/απόκλιση 
µεταφοράς Ekman 
δηµιουργεί 
καταβύθιση/ανάβλιση, 
αντίστοιχα
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Coastal upwelling induced by the summer 
monsoon wind forcing
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Winds at 10 m (AM&WFG) Sea Surface temperature (AVHRR - OPAM)

m/s

oC

και η επίδραση στις κλιµατικές τάσεις

August 9, 2025
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North Trades

South Trades
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Open sea upwelling/downwelling

oC



Από την εξίσωση 
συνέχειας:

Wind Stress Curl
Στο εσωτερικό (κάτω από το στρώµα 
Ekman):

IV. Ekman pumping

Coastal Ekman pumping

Επειδή η παράγωγος δεν ορίζεται 
στην παράκτια περιοχή (η τάση 
είναι ασυνεχής συνάρτηση)
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@⌧x

@y

! wEk =
UE
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⌧x,y

L⇢0f
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Ekman dynamics 
in a tank



Ξεκινώντας από τις εξισώσεις κίνησης παρουσία (κατακόρυφης) τριβής:

Sverdrup’s theory for the wind-driven circulation

Ολοκληρώνοντας από το βυθό (-Η) µέχρι την 
επιφάνεια της θάλασσας:
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@p

@x
+AV
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Harald Ulrik Sverdrup 
1888-1957@
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u
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) f
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@�
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!
+ �� = AV

@2

@z2

 
@�

@x
�

@u

@y

!

Using continuity and the 
fact that w(0)=w(-H)=0

Meridional mass transport My

Wind stress curl

at z = 0 99K ⇢0AV
@u

@z
= ⌧

x

⇢0AV
@�

@z
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y
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@u
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@x
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@�
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!
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Z 0
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�
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Westerlies

Trades

? ?

(wind-stress curl)

and for 

<latexit sha1_base64="yRosCAOtuEutNQ8VSyAjmhm3gLI=">AAACOnicbVDLSgMxFM3Ud31VXboJFsGNZUaKuhEEN24EBVuFTi130kwbmnmQ3JEOw3yXG7/CnQs3LhRx6weYPsBHeyBwOOfcJPd4sRQabfvZKszMzs0vLC4Vl1dW19ZLG5t1HSWK8RqLZKRuPdBcipDXUKDkt7HiEHiS33i9s4F/c8+VFlF4jWnMmwF0QuELBmikVunK9TgCvWilJy7zFbDMjUGhAEldhOQuzX+Efr4/NdP/lUnzVqlsV+wh6CRxxqRMxrhslZ7cdsSSgIfIJGjdcOwYm9ngQiZ5XnQTzWNgPejwhqEhBFw3s+HqOd01Spv6kTInRDpUf09kEGidBp5JBoBd/d8biNO8RoL+cTMTYZwgD9noIT+RFCM66JG2heIMZWoIMCXMXynrgikHTdtFU4Lzf+VJUj+oOIeV6lW1fFod17FItskO2SMOOSKn5Jxckhph5IG8kDfybj1ar9aH9TmKFqzxzBb5A+vrG2bur5s=</latexit>

�My =
@⌧y

@x
�

@⌧x

@y

<latexit sha1_base64="77w1LC/BDt53qItOE7kv4/f0alc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh4MVjBfsBbSib7aZdutnE3YlQQv+EFw+KePXvePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnCScD+iQyVCwShaqdNDmvYnN26/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+b1TcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZk9TwZCc4ZyYgllWthbCRtRTRnaiEo2BG/55VXSuqh6l9Xafa1Sr+VxFOEETuEcPLiCOtxBA5rAQMIzvMKb8+i8OO/Ox6K14OQzx/AHzucPqS+PsA==</latexit>

⌧y = 0

<latexit sha1_base64="mP34XQ1LPR4tA+/TvGayz5fxQ1c=">AAACIXicbVDLSgMxFM3UV62vqks3wSK4scxIUTeC4MaNUMGq0KnlTprR0MyD5I44DPMrbvwVNy4U6U78GTPtgM8DgZNz7r3JPV4shUbbfrcqU9Mzs3PV+drC4tLySn117UJHiWK8wyIZqSsPNJci5B0UKPlVrDgEnuSX3vC48C/vuNIiCs8xjXkvgJtQ+IIBGqlfPzjtp4c7LvMVsMzJM9fjCHl5d2NQKEBSFyG5vs+/hDTv1xt20x6D/iVOSRqkRLtfH7mDiCUBD5FJ0Lrr2DH2smIgkzyvuYnmMbAh3PCuoSEEXPey8YY53TLKgPqRMidEOla/d2QQaJ0GnqkMAG/1b68Q//O6CfoHvUyEcYI8ZJOH/ERSjGgRFx0IxRnK1BBgSpi/UnYLJhw0odZMCM7vlf+Si92ms9dsnbUaR60yjirZIJtkmzhknxyRE9ImHcLIA3kiL+TVerSerTdrNCmtWGXPOvkB6+MTcVek6w==</latexit>

My = �
1

�

@⌧x

@y

Depth integrated vorticity 
equation for the wind-driven 
circulation

Meridional 
Sverdrup 
Tansport

<latexit sha1_base64="DLgEUpOZ8BvBWBkp9dsANM+RZUs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCFy9CRfsBbSib7aZdutmE3YkQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHjFLuB/RoRKhYBSt9HDXz/rlilt15yCrxMtJBXI0+uWv3iBmacQVMkmN6Xpugv6EahRM8mmplxqeUDamQ961VNGIG38yP3VKzqwyIGGsbSkkc/X3xIRGxmRRYDsjiiOz7M3E/7xuiuG1PxEqSZErtlgUppJgTGZ/k4HQnKHMLKFMC3srYSOqKUObTsmG4C2/vEpaF1Xvslq7r1XqtTyOIpzAKZyDB1dQh1toQBMYDOEZXuHNkc6L8+58LFoLTj5zDH/gfP4ANgaNuA==</latexit>

My



         For eastward intensification:  

      

        

For westward intensification:  

<latexit sha1_base64="IXRiwGxLmfSMivtSr0sIqfQiGCk=">AAACGHicbVDLThtBEJwl4RHzMsmRywgLiZPZRRZwQkjhkCORsLHktazeca89YnZmNdOLZVb+DC75FS45JIpy5cbfMH4cAk5JI5WqutTTleRKOgrDl2Dlw8fVtfWNT5XNre2d3ere55YzhRXYFEYZ207AoZIamyRJYTu3CFmi8Da5+zr1b+/ROmn0DY1z7GYw0DKVAshLvepx/IAEvdIIBD25CHls5WBIYK0Z8fgKFQFPedw3Iz3TetVaWA9n4MskWpAaW+C6V332YVFkqEkocK4ThTl1S7AkhcJJJS4c5iDuYIAdTzVk6Lrl7LAJP/RKn6fG+qeJz9R/EyVkzo2zxE9mQEP33puK//M6BaXn3VLqvCDUYr4oLRQnw6ct8b60KEiNPQFhpf8rF0OwIMh3WfElRO9PXiatk3p0Wm98b9QuG4s6Ntg+O2BHLGJn7JJ9Y9esyQR7ZE/sF/sd/Ah+Bn+Cv/PRlWCR+cLeIHh+BRrioGc=</latexit>

⇣ocean > 0 ! �f #

<latexit sha1_base64="CBdYkLIJXN/GH9Stqx2VwnsYrvc=">AAACFnicbVA9TxtBEN0jAYz5ckJJs4qFRIN1hyygoLAERUoiYWzJZ1lz6zl7xd7uaXcOZE7+FWn4KzQpEqG0UTr+DWvjgkCeNNLTezOamZfkSjoKw6dg6cPH5ZXVylp1fWNza7v26fOVM4UV2BZGGdtNwKGSGtskSWE3twhZorCTXJ/N/M4NWieNvqRJjv0MRlqmUgB5aVA7iO+QYFAagaCnpyGPrRyNCaw1tzw+R0XAUx4X+VwZ1OphI5yDvyfRgtTZAheD2t94aESRoSahwLleFObUL8GSFAqn1bhwmIO4hhH2PNWQoeuX87emfM8rQ54a60sTn6uvJ0rInJtkie/MgMburTcT/+f1CkpP+qXUeUGoxcuitFCcDJ9lxIfSoiA18QSElf5WLsZgQZBPsupDiN6+/J5cHTaio0bzW7Peai7iqLBd9oXts4gdsxb7yi5Ymwn2nT2wn+xXcB/8CB6D3y+tS8FiZof9g+DPM2q/n34=</latexit>

⇣ocean < 0 ! �f "

<latexit sha1_base64="eb456N9il4FRhtVOCmXIN29Hs2w=">AAACFnicbVDLSgMxFM3UV62vUZdugkVwY5mRoi4UCm5cVrAP6JSSSTNtaCYTkoxYh/kKN/6KGxeKuBV3/o2ZdkBtPXDhcM69yb3HF4wq7ThfVmFhcWl5pbhaWlvf2Nyyt3eaKoolJg0csUi2faQIo5w0NNWMtIUkKPQZafmjy8xv3RKpaMRv9FiQbogGnAYUI22knn3k3RONLjwcSIQTTyCpKWLQi4WiLOLpj3SXnjs9u+xUnAngPHFzUgY56j370+tHOA4J15ghpTquI3Q3yZ7EjKQlL1ZEIDxCA9IxlKOQqG4yOSuFB0bpwyCSpriGE/X3RIJCpcahbzpDpIdq1svE/7xOrIOzbkK5iDXhePpREDOoI5hlBPtUEqzZ2BCEJTW7QjxEJiBtkiyZENzZk+dJ87jinlSq19VyrZrHUQR7YB8cAhecghq4AnXQABg8gCfwAl6tR+vZerPep60FK5/ZBX9gfXwDanygHA==</latexit>

⇣ =
@�

@x
< 0

<latexit sha1_base64="EOsReZ6kBRmn7h72kTkcnRj223Y=">AAACFnicbVDLSgMxFM3UV62vUZdugkVwY5mRom6UghuXFewDOqVk0kwbmsmEJCPWYb7Cjb/ixoUibsWdf2OmHVBbD1w4nHNvcu/xBaNKO86XVVhYXFpeKa6W1tY3Nrfs7Z2mimKJSQNHLJJtHynCKCcNTTUjbSEJCn1GWv7oMvNbt0QqGvEbPRakG6IBpwHFSBupZx9590Sjcw8HEuHEE0hqihj0YqEoi3j6I92lF07PLjsVZwI4T9yclEGOes/+9PoRjkPCNWZIqY7rCN1NsicxI2nJixURCI/QgHQM5SgkqptMzkrhgVH6MIikKa7hRP09kaBQqXHom84Q6aGa9TLxP68T6+Csm1AuYk04nn4UxAzqCGYZwT6VBGs2NgRhSc2uEA+RCUibJEsmBHf25HnSPK64J5XqdbVcq+ZxFMEe2AeHwAWnoAauQB00AAYP4Am8gFfr0Xq23qz3aWvBymd2wR9YH99thqAe</latexit>

⇣ =
@�

@x
> 0

Vorticity considerations
<latexit sha1_base64="AXuv1x2yUeYSnj5g4Fq4aBB97OU=">AAAB+nicbVBNS8NAEN34WetXqkcvwSIIQkmkqBeh4MVjBfsBTSib7aRduvlgd6LW2J/ixYMiXv0l3vw3btsctPXBwOO9GWbm+YngCm3721haXlldWy9sFDe3tnd2zdJeU8WpZNBgsYhl26cKBI+ggRwFtBMJNPQFtPzh1cRv3YFUPI5ucZSAF9J+xAPOKGqpa5aCE/cRkF66CA+YMRx3zbJdsaewFomTkzLJUe+aX24vZmkIETJBleo4doJeRiVyJmBcdFMFCWVD2oeOphENQXnZ9PSxdaSVnhXEUleE1lT9PZHRUKlR6OvOkOJAzXsT8T+vk2Jw4WU8SlKEiM0WBamwMLYmOVg9LoGhGGlCmeT6VosNqKQMdVpFHYIz//IiaZ5WnLNK9aZarlXzOArkgBySY+KQc1Ij16ROGoSRe/JMXsmb8WS8GO/Gx6x1ychn9skfGJ8/ejKUHg==</latexit>
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Trades

curl stresswind -=
¶
¶
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¶
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Mx (x) =
∂
∂y

M y
x

xEast

∫ dx = − 1
β
∂2τ x

∂y2
xEast − x( )

Depth integrated Vorticity equation 
for the wind-driven circulation

β - effect

Using the depth integrated continuity equation

0®
¶
¶
x

yt
Polar 
Easterlies

Westerlies

Trades xEast

Zonal velocity vanishes at one 
boundary. Selection according 
to vorticity conservation

Δ f +ζ( )+ζτ = 0
Eastern boundary:
Δf ↓;  ζ  must be +;  balanced by ζτ −
Western boundary:
Δf ↑;  ζ  must be -;  does not balanced by ζτ −
We need another vorticity term

(⌧y = 0)

The zonal Sverdrup transport

The meridional Sverdrup transport

?

<latexit sha1_base64="rqaMJ88LAemGHOgaqHnAlgH+9+U=">AAACLHicbVDLSsNAFJ3UV62vqEs3g0UQhJJIUTdCoRs3QgX7gCaEyXTSDp08mJlIQ8gHufFXBHFhEbd+h5M2YG09MHDm3HPvzD1uxKiQhjHVSmvrG5tb5e3Kzu7e/oF+eNQRYcwxaeOQhbznIkEYDUhbUslIL+IE+S4jXXfczOvdJ8IFDYNHmUTE9tEwoB7FSCrJ0ZsW9jjCqRUhLili8N6ZZL+3SXaxakgWDEl2azh61agZM8BVYhakCgq0HP3NGoQ49kkgMUNC9E0jknaaj8SMZBUrFiRCeIyGpK9ogHwi7HS2bAbPlDKAXsjVCSScqYsdKfKFSHxXOX0kR2K5lov/1fqx9G7slAZRLEmA5w95MYMyhHlycEA5wZIliiDMqforxCOkspEq34oKwVxeeZV0LmvmVa3+UK826kUcZXACTsE5MME1aIA70AJtgMEzeAUfYKq9aO/ap/Y1t5a0oucY/IH2/QMlBalQ</latexit>

@Mx

@x
+

@My

@y
= 0

<latexit sha1_base64="pQh8EAsynho77MNqX6S81IWj+0I=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF49V7Ae0oWy2m3bpJht2J0oJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVqxptMSaU7ATVcipg3UaDknURzGgWSt4PxzcxvP3JthIofcJJwP6LDWISCUbRSt3cvhiOkWqunfrniVt05yCrxclKBHI1++as3UCyNeIxMUmO6npugn1GNgkk+LfVSwxPKxnTIu5bGNOLGz+YnT8mZVQYkVNpWjGSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzEScp8pgtFoWpJKjI7H8yEJozlBNLKNPC3krYiGrK0KZUsiF4yy+vktZF1bus1u5qlXotj6MIJ3AK5+DBFdThFhrQBAYKnuEV3hx0Xpx352PRWnDymWP4A+fzB4/TkWg=</latexit>)

The zonal Sverdrup transport
Using the depth 
integrated mass 
conservation

<latexit sha1_base64="DLgEUpOZ8BvBWBkp9dsANM+RZUs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCFy9CRfsBbSib7aZdutmE3YkQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHjFLuB/RoRKhYBSt9HDXz/rlilt15yCrxMtJBXI0+uWv3iBmacQVMkmN6Xpugv6EahRM8mmplxqeUDamQ961VNGIG38yP3VKzqwyIGGsbSkkc/X3xIRGxmRRYDsjiiOz7M3E/7xuiuG1PxEqSZErtlgUppJgTGZ/k4HQnKHMLKFMC3srYSOqKUObTsmG4C2/vEpaF1Xvslq7r1XqtTyOIpzAKZyDB1dQh1toQBMYDOEZXuHNkc6L8+58LFoLTj5zDH/gfP4ANgaNuA==</latexit>

My
<latexit sha1_base64="6IJC+N3jKcz2oTAvE2ge7Mti8x8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vjw4kWoaD+gDWWznbRLN5uwuxFL6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMrqd+6xGV5rF8MOME/YgOJA85o8ZK97e9p16p7FbcGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns1Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2hD8BZfXibN84p3UaneVcu1ah5HAY7hBM7Ag0uowQ3UoQEMBvAMr/DmCOfFeXc+5q0rTj5zBH/gfP4ANIKNtw==</latexit>

Mx



Westerlies

Trades

Combining Mx and My to estimate 
the Sverdrup Circulation

<latexit sha1_base64="DLgEUpOZ8BvBWBkp9dsANM+RZUs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCFy9CRfsBbSib7aZdutmE3YkQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHjFLuB/RoRKhYBSt9HDXz/rlilt15yCrxMtJBXI0+uWv3iBmacQVMkmN6Xpugv6EahRM8mmplxqeUDamQ961VNGIG38yP3VKzqwyIGGsbSkkc/X3xIRGxmRRYDsjiiOz7M3E/7xuiuG1PxEqSZErtlgUppJgTGZ/k4HQnKHMLKFMC3srYSOqKUObTsmG4C2/vEpaF1Xvslq7r1XqtTyOIpzAKZyDB1dQh1toQBMYDOEZXuHNkc6L8+58LFoLTj5zDH/gfP4ANgaNuA==</latexit>

My
<latexit sha1_base64="6IJC+N3jKcz2oTAvE2ge7Mti8x8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vjw4kWoaD+gDWWznbRLN5uwuxFL6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMrqd+6xGV5rF8MOME/YgOJA85o8ZK97e9p16p7FbcGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns1Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2hD8BZfXibN84p3UaneVcu1ah5HAY7hBM7Ag0uowQ3UoQEMBvAMr/DmCOfFeXc+5q0rTj5zBH/gfP4ANIKNtw==</latexit>

Mx
<latexit sha1_base64="wzMPD4uW2YGkXnNPnSF3Ho4+MkI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCFy9CC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+GbmPzyh0jyW92aSoB/RoeQhZ9RYqXnXL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpH1R9S6rtWatUq/lcRThBE7hHDy4gjrcQgNawADhGV7hzXl0Xpx352PRWnDymWP4A+fzB6PFjMw=</latexit>

M



Westerlies

Trades

Sverdrup 
Circulation for the 
Subtropical Gyre

<latexit sha1_base64="wzMPD4uW2YGkXnNPnSF3Ho4+MkI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCFy9CC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+GbmPzyh0jyW92aSoB/RoeQhZ9RYqXnXL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpH1R9S6rtWatUq/lcRThBE7hHDy4gjrcQgNawADhGV7hzXl0Xpx352PRWnDymWP4A+fzB6PFjMw=</latexit>

M



η

Δx

H

<latexit sha1_base64="SJlVBKVieMbqoODqsq985srcxUY=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vjw4rGC/YA2lM120y7dbOLuRC2hf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR9dRvPXBtRKzucJxwP6IDJULBKFqp/dTLHrnBSa9UdivuDGSZeDkpQ456r/TV7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZvRNyapU+CWNtSyGZqb8nMhoZM44C2xlRHJpFbyr+53VSDK/8TKgkRa7YfFGYSoIxmT5P+kJzhnJsCWVa2FsJG1JNGdqIijYEb/HlZdI8r3gXlepttVyr5nEU4BhO4Aw8uIQa3EAdGsBAwjO8wptz77w4787HvHXFyWeO4A+czx+nZ5BX</latexit>xwest
<latexit sha1_base64="4uOsaghXjO8Uh1FIfQIMkYjR2Mo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48V7Ae0oWy2m3bpZhN3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbG6x0nC/YgOlQgFo2ilzlM/49TgtF+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn83ik5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzJ4nA6E5QzmxhDIt7K2EjaimDG1EJRuCt/zyKmldVL3Lau2uVqnX8jiKcAKncA4eXEEdbqEBTWAg4Rle4c15cF6cd+dj0Vpw8plj+APn8weFu5BB</latexit>xeast

<latexit sha1_base64="uxBFlGftPeKeQ2eoZfqXGL3trUM="></latexit>
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A top view of the wind-driven gyres
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A side view of the wind-driven gyres



Ο Stommel πρότεινε µια πιο πλήρη σχέση για τη διατήρηση του 
στροβιλισµού, που περιλαµβάνει και όρο αποµάκρυνσης του 
σχετικού στροφιλισµού ζ, της µορφής -Rζ

Ο Munk πρότεινε µια πιο πλήρη διατύπωση για τον όρο 
αποµάκρυνσης του σχετικού στροφιλισµού ζ, της µορφής: 

x

Interior WBL

x

�U +
@⌧x

@y
= 0

�U �AHr2
H
⇣ +

@⌧x

@y
= 0

�U �AHr2
H
⇣ = 0

Interior WBL

�U +
@⌧x

@y
= 0

�U �R⇣ +
@⌧x

@y
= 0

�U �R⇣ = 0

AHr2
H
⇣

Walter Munk 
1917-

Henry Stommel 
1920-1992



27

Wind-driven gyre dynamics 
(the “Stommel Gyre”)



Stommel Model:

Munk Model:

We can estimate L 
or R/AH.
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