
Thickness in 
2020 (m)

45

30

10

0

25

15

2

5

3000 3050 3100 3150 3200 3250

0
10

20
30

40
50

Elevation (m a.s.l.)

20
20

 T
hi

ck
ne

ss
 (

m
)

Mean thickness (m) Max thickness (m)Min thickness (m)

3000

3100

3100

No
data

3100

3000

3100

3000

2700

2900

3200

300030003100

2800

AnetoMonte Perdido

2700

2800

2900

3000

3100

3200

�ï���� �ï���� �ï���� �ï���� �ï�� 0
Surface ele vation change (m)

E
le

va
tio

n 
(m

)

Ossoue

0 50 100
Glacier hypsography (%)

�ï�������� �ï�������� �ï�������� �ï�������� �ï�������� 0
Annual mass balance (mwe)

�ï���� �ï���� �ï���� �ï���� �ï�� 0
Surface ele vation change (m)

0 50 100
Glacier hypsography (%)

�ï�������� �ï�������� �ï�������� �ï�������� 0
Annual mass balance (mwe)

�ï���� �ï���� �ï���� �ï���� �ï�� 0
Surface ele vation change (m)

0 50 100
Glacier hypsography (%)

�ï�������� �ï�������� �ï�������� �ï�������� 0
Annual mass balance (mwe)

�ï�������� �ï��������

0 500
m

������ �������� �������� ���������������� �������� ����������

Elevation (m)
2700 2800 2900 3000 32003100

Surface elevation change (m)

Monitoring activities of the last pyrenean glaciers
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Pyrenean  glaciers are classified  as very small  glaciers  ���������� km2), 
�E�X�W still they are the most �L�P�S�R�U�W�D�Q�W concentration  of ice �E�R�G�L�H�V in �V�R�X-
�W�K�H�U�Q���(�X�U�R�S�H��

The increase of temperature  after �/�L�W�W�O�H Ice �$�J�H ���/�,�$�� �S�U�R�G�X�F�H an 
�H�Y�L�G�H�Q�W��shrinkage and wastage  since 1850, and  has �E�H�H�Q accelerated 
�L�Q���W�K�H���O�D�V�W���G�H�F�D�G�H�V�����O�H�D�G�L�Q�J���W�K�H�P���W�R���D situation close to disappear . 

Different remote sensing techni -
�T�X�H�V and �J�U�R�X�Q�G �V�X�U�Y�H�\�V are �X�V�H�G�� to 
estimate glacier changes  in the last 
�G�H�F�D�G�H����

+ Satellite  ���/�L�'�$�5�� Planet and 
�5�D�S�L�G���(�\�H���L�P�D�J�H�V��

�����8�Q�Q�D�P�H�G���$�H�U�L�D�O���9�H�K�L�F�O�H����UAV)

�����7�H�U�U�H�V�W�U�L�D�O���/�D�V�H�U���6�F�D�Q�Q�H�U����TLS)

�$�O�V�R�� to �T�X�D�Q�W�L�I�\��ice thickness, 
�*�U�R�X�Q�G �3�H�Q�H�W�U�D�W�L�Q�J �5�D�G�D�U (GPR) has 
�E�H�H�Q �X�G�H�V in the most �L�P�S�R�U�W�D�Q�W ice 
�E�R�G�L�H�V����

�5�H�V�X�O�W�V show that for  the �S�H�U�L�R�G��2011-2020, Pyrenean  �J�O�D�F�L�H�U�V �K�D�Y�H��lost 23.2% ������������ ha to ���������� ha) of its area and the mean thickness loss in all the 
�J�O�D�F�L�H�U�V���V�W�X�G�L�H�G�����������R�X�W���R�I�����������L�V��6.3 m�����Z�K�L�F�K���P�H�D�Q�V���W�K�D�W���V�R�P�H���R�I���W�K�H�V�H���J�O�D�F�L�H�U�V���K�D�Y�H���O�R�V�W���K�D�O�I���W�K�L�F�N�Q�H�V�V���L�Q���W�K�L�V���W�L�P�H���S�H�U�L�R�G����

Introduction Methods

Results

Conclusions

Aneto Glacier thickness in 2020

The most substantial reductions are �I�R�X�Q�G in 
the four largest glaciers , while the smallest  ones 
showed a �Y�H�U�\��heterogeneous  response�� There 
is no �V�L�J�Q of slowdown in �J�O�D�F�L�H�U �V�K�U�L�Q�N�D�J�H res-
�S�H�F�W to �S�U�H�Y�L�R�X�V decades, �V�S�H�F�L�D�O�O�\ with the 
�R�F�F�X�U�U�H�Q�F�H���R�I���H�[�W�U�H�P�H���K�R�W���V�X�P�P�H�U�V���D�V��������������

�8�Q�G�H�U �V�X�F�K �V�L�W�X�D�W�L�R�Q is �H�[�S�H�F�W�H�G a hetero-
geneous  response of their mass balance  to re-
gional climate as �W�R�S�R�J�U�D�S�K�L�F factors �J�D�L�Q in 
�L�P�S�R�U�W�D�Q�F�H��

�*�3�5 �U�H�Y�H�D�O�V mean ice thickness in the lar-
�J�H�V�W���J�O�D�F�L�H�U�V���O�R�Z�H�U���W�K�D�Q���������P�H�W�H�U�V����

�)�U�R�P 2011 to 2020, the Pyrenees  has �E�H�H�Q �U�H�G�X�F�H�G���ï���������� of its area , 6.3 m ice thickness  and an �D�U�H�D���Z�H�L�J�K�W�H�G �V�S�H�F�L�I�L�F mass �E�D�O�D�Q�F�H of �ï����������
m w. e. yr �ï�� , a similar rate since  the  1980s, so glacier  shrinkage in the Pyrenees and wastage have not slowed down���L�Q���W�K�H���O�D�V�W���I�H�Z���\�H�D�U�V����

The smallest  glaciers  show a �Y�D�U�L�D�E�O�H �U�H�V�S�R�Q�V�H to the �Z�D�U�P�L�Q�J climate, they are controlled  �E�\��topoclimatic factors , meanwhile the �E�L�J�J�H�V�W ones 
�S�U�H�V�H�Q�W simiar �F�K�D�Q�J�H�V�� so area controlled  �E�\��regional climate�� Differences �E�H�W�Z�H�H�Q area and ice thickness losses conirm that �J�O�D�F�L�D�W�H�G area is not  a 
�J�R�R�G���S�U�R�[�L���W�R���G�H�W�H�U�P�L�Q�H���J�O�D�F�L�H�V���P�D�V�V���E�D�O�D�Q�F�H��

�7�K�L�V���U�H�V�X�O�W�V���L�Q�G�L�F�D�W�H���W�K�D�W��Pyrenean glaciers are in a clear imbalance���Z�L�W�K���W�K�H���U�H�J�L�R�Q�D�O���F�O�L�P�D�W�H���D�Q�G���Z�L�O�O���O�L�N�H�O�\��disappear in the next few decades��


