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Meridional overturning stream functions
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Meridional overturning stream functions
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MSE = cpT + gz + Lvq
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DSE = cpT + gz
<latexit sha1_base64="A6mx4Mh5kVupGTn1LPLLlf5lBWY=">AAAB+HicbVDLSsNAFL3xWesr6tLNYBEEoSQiqAuh+ACXFRtbaEOYTCft0MkkzEwKNfRP3LhQceunuPNvnD4W2nrgwuGce7n3njDlTGnH+bYWFpeWV1YLa8X1jc2tbXtn91ElmSTUIwlPZCPEinImqKeZ5rSRSorjkNN62Lse+fU+lYoloqYHKfVj3BEsYgRrIwW2ffNwiy4RCdIaOkadJxTYJafsjIHmiTslJZiiGthfrXZCspgKTThWquk6qfZzLDUjnA6LrUzRFJMe7tCmoQLHVPn5+PIhOjRKG0WJNCU0Gqu/J3IcKzWIQ9MZY91Vs95I/M9rZjo693Mm0kxTQSaLoowjnaBRDKjNJCWaDwzBRDJzKyJdLDHRJqyiCcGdfXmeeCfli7J7f1qqXE3TKMA+HMARuHAGFbiDKnhAoA/P8ApvVm69WO/Wx6R1wZrO7MEfWJ8/3rmRag==</latexit><latexit sha1_base64="A6mx4Mh5kVupGTn1LPLLlf5lBWY=">AAAB+HicbVDLSsNAFL3xWesr6tLNYBEEoSQiqAuh+ACXFRtbaEOYTCft0MkkzEwKNfRP3LhQceunuPNvnD4W2nrgwuGce7n3njDlTGnH+bYWFpeWV1YLa8X1jc2tbXtn91ElmSTUIwlPZCPEinImqKeZ5rSRSorjkNN62Lse+fU+lYoloqYHKfVj3BEsYgRrIwW2ffNwiy4RCdIaOkadJxTYJafsjIHmiTslJZiiGthfrXZCspgKTThWquk6qfZzLDUjnA6LrUzRFJMe7tCmoQLHVPn5+PIhOjRKG0WJNCU0Gqu/J3IcKzWIQ9MZY91Vs95I/M9rZjo693Mm0kxTQSaLoowjnaBRDKjNJCWaDwzBRDJzKyJdLDHRJqyiCcGdfXmeeCfli7J7f1qqXE3TKMA+HMARuHAGFbiDKnhAoA/P8ApvVm69WO/Wx6R1wZrO7MEfWJ8/3rmRag==</latexit><latexit sha1_base64="A6mx4Mh5kVupGTn1LPLLlf5lBWY=">AAAB+HicbVDLSsNAFL3xWesr6tLNYBEEoSQiqAuh+ACXFRtbaEOYTCft0MkkzEwKNfRP3LhQceunuPNvnD4W2nrgwuGce7n3njDlTGnH+bYWFpeWV1YLa8X1jc2tbXtn91ElmSTUIwlPZCPEinImqKeZ5rSRSorjkNN62Lse+fU+lYoloqYHKfVj3BEsYgRrIwW2ffNwiy4RCdIaOkadJxTYJafsjIHmiTslJZiiGthfrXZCspgKTThWquk6qfZzLDUjnA6LrUzRFJMe7tCmoQLHVPn5+PIhOjRKG0WJNCU0Gqu/J3IcKzWIQ9MZY91Vs95I/M9rZjo693Mm0kxTQSaLoowjnaBRDKjNJCWaDwzBRDJzKyJdLDHRJqyiCcGdfXmeeCfli7J7f1qqXE3TKMA+HMARuHAGFbiDKnhAoA/P8ApvVm69WO/Wx6R1wZrO7MEfWJ8/3rmRag==</latexit><latexit sha1_base64="A6mx4Mh5kVupGTn1LPLLlf5lBWY=">AAAB+HicbVDLSsNAFL3xWesr6tLNYBEEoSQiqAuh+ACXFRtbaEOYTCft0MkkzEwKNfRP3LhQceunuPNvnD4W2nrgwuGce7n3njDlTGnH+bYWFpeWV1YLa8X1jc2tbXtn91ElmSTUIwlPZCPEinImqKeZ5rSRSorjkNN62Lse+fU+lYoloqYHKfVj3BEsYgRrIwW2ffNwiy4RCdIaOkadJxTYJafsjIHmiTslJZiiGthfrXZCspgKTThWquk6qfZzLDUjnA6LrUzRFJMe7tCmoQLHVPn5+PIhOjRKG0WJNCU0Gqu/J3IcKzWIQ9MZY91Vs95I/M9rZjo693Mm0kxTQSaLoowjnaBRDKjNJCWaDwzBRDJzKyJdLDHRJqyiCcGdfXmeeCfli7J7f1qqXE3TKMA+HMARuHAGFbiDKnhAoA/P8ApvVm69WO/Wx6R1wZrO7MEfWJ8/3rmRag==</latexit>

LH = Lvq
<latexit sha1_base64="JDXsG6PK9Fv/zzdFiXDJl6dDbFw=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5EUAshaJMiRQTPRJIj7G32kiW7e+fuXiAc+RU2Fiq2/h07/42bj0ITHww83pthZl6YcKaN6347uZXVtfWN/GZha3tnd6+4f/Cg41QR6pOYx6oZYk05k9Q3zHDaTBTFIuS0EQ5uJ35jSJVmsbw3o4QGAvckixjBxkqPtSq6RrXO8KlTLLlldwq0TLw5KcEc9U7xq92NSSqoNIRjrVuem5ggw8owwum40E41TTAZ4B5tWSqxoDrIpgeP0YlVuiiKlS1p0FT9PZFhofVIhLZTYNPXi95E/M9rpSa6DDImk9RQSWaLopQjE6PJ96jLFCWGjyzBRDF7KyJ9rDAxNqOCDcFbfHmZ+Gflq7J3d16q3MzTyMMRHMMpeHABFahCHXwgIOAZXuHNUc6L8+58zFpzznzmEP7A+fwBzA2PSw==</latexit><latexit sha1_base64="JDXsG6PK9Fv/zzdFiXDJl6dDbFw=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5EUAshaJMiRQTPRJIj7G32kiW7e+fuXiAc+RU2Fiq2/h07/42bj0ITHww83pthZl6YcKaN6347uZXVtfWN/GZha3tnd6+4f/Cg41QR6pOYx6oZYk05k9Q3zHDaTBTFIuS0EQ5uJ35jSJVmsbw3o4QGAvckixjBxkqPtSq6RrXO8KlTLLlldwq0TLw5KcEc9U7xq92NSSqoNIRjrVuem5ggw8owwum40E41TTAZ4B5tWSqxoDrIpgeP0YlVuiiKlS1p0FT9PZFhofVIhLZTYNPXi95E/M9rpSa6DDImk9RQSWaLopQjE6PJ96jLFCWGjyzBRDF7KyJ9rDAxNqOCDcFbfHmZ+Gflq7J3d16q3MzTyMMRHMMpeHABFahCHXwgIOAZXuHNUc6L8+58zFpzznzmEP7A+fwBzA2PSw==</latexit><latexit sha1_base64="JDXsG6PK9Fv/zzdFiXDJl6dDbFw=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5EUAshaJMiRQTPRJIj7G32kiW7e+fuXiAc+RU2Fiq2/h07/42bj0ITHww83pthZl6YcKaN6347uZXVtfWN/GZha3tnd6+4f/Cg41QR6pOYx6oZYk05k9Q3zHDaTBTFIuS0EQ5uJ35jSJVmsbw3o4QGAvckixjBxkqPtSq6RrXO8KlTLLlldwq0TLw5KcEc9U7xq92NSSqoNIRjrVuem5ggw8owwum40E41TTAZ4B5tWSqxoDrIpgeP0YlVuiiKlS1p0FT9PZFhofVIhLZTYNPXi95E/M9rpSa6DDImk9RQSWaLopQjE6PJ96jLFCWGjyzBRDF7KyJ9rDAxNqOCDcFbfHmZ+Gflq7J3d16q3MzTyMMRHMMpeHABFahCHXwgIOAZXuHNUc6L8+58zFpzznzmEP7A+fwBzA2PSw==</latexit><latexit sha1_base64="JDXsG6PK9Fv/zzdFiXDJl6dDbFw=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5EUAshaJMiRQTPRJIj7G32kiW7e+fuXiAc+RU2Fiq2/h07/42bj0ITHww83pthZl6YcKaN6347uZXVtfWN/GZha3tnd6+4f/Cg41QR6pOYx6oZYk05k9Q3zHDaTBTFIuS0EQ5uJ35jSJVmsbw3o4QGAvckixjBxkqPtSq6RrXO8KlTLLlldwq0TLw5KcEc9U7xq92NSSqoNIRjrVuem5ggw8owwum40E41TTAZ4B5tWSqxoDrIpgeP0YlVuiiKlS1p0FT9PZFhofVIhLZTYNPXi95E/M9rpSa6DDImk9RQSWaLopQjE6PJ96jLFCWGjyzBRDF7KyJ9rDAxNqOCDcFbfHmZ+Gflq7J3d16q3MzTyMMRHMMpeHABFahCHXwgIOAZXuHNUc6L8+58zFpzznzmEP7A+fwBzA2PSw==</latexit>

Döös et al., 2011



Zonal streamfunction

70 Sv
- 50 Sv

1 Sv = 109 kg/s

Trenberth et al., 2000



 Streamfunction    (𝝌,𝛇) in two general coordinates: 

✓ We define 𝝌 = T and 𝛇  ≣ q

 

y

z

Theoretical background

q(y, z) = q0
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DryWet

Cold

T (y, z) = T0
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 Streamfunction    (𝝌,𝛇) in two general coordinates: 

✓ We define 𝝌 = T and 𝛇  ≣ q

 

y

z

Theoretical background

q(y, z) = q0
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Cold

T (y, z) = T0
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570 hPa

Hydrothermal stream function - Projection
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Time scale : 6h

Time scale : 1y Residual



Decomposition of the  
thermocline circulation



Lagrangian perspective



Lagrangian perspective
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Lagrangian perspective

Time scale : 1y



Conclusions

Perspectives
- Analyse historical runs from multiple 
climate models

- Evolution of the hydrothermal stream 
function in future scenarios (RCP 8.5)

-The hydrothermal stream function combines 
zonal and meridional DSE and LH fluxes 
(Hadley + Walker + midlatitude eddies) into a 
single cycle.  

- It can be decomposed into 3 major cells


