
Production Editor:
Andrea Llenos

Handling Editor:
WenboWu

Copy & Layout Editor:
Ethan Williams

Received:
March 26, 2026

Accepted:
July 21, 2026
Published:

August 29, 2026

doi:10.26443/seismica.v5i2.2713

Pitter, patter, gurgle, burble: measuring the acoustics
of rainfall using DAS in urban environments

Valeriia Sobolevskaia � 1, Jonathan Ajo-Franklin � ∗ 1, Brianna Miranda � 1

1Earth, Environmental, and Planetary Sciences Department, Rice University, Houston, Texas, USA

Author contributions: Conceptualization: Jonathan Ajo-Franklin, Valeriia Sobolevskaia. Software: Valeriia Sobolevskaia. Formal Analysis: Valeriia
Sobolevskaia. Investigation: Valeriia Sobolevskaia, Brianna Miranda. Writing - Original draft: Valeriia Sobolevskaia, Jonathan Ajo-Franklin, Brianna Miranda.
Visualization: Valeriia Sobolevskaia. Funding acquisition: Jonathan Ajo-Franklin.

Abstract Accurate precipitation data is one of the key inputs for hydrological models, yet traditional
ground-based rain gauges and remote sensing data often lack the necessary spatial coverage and/or resolu-
tion for local environmental applications. This study demonstrates the potential of distributed acoustic sens-
ing (DAS) as a tool for rainfall detection and quantification with high spatiotemporal resolution. We evaluate
data from twodistinct fiber-optic deployments in Houston, Texas: a surface cable in a controlled environment
at Rice University campus and a 12-km urban dark fiber array. Rain induces high-energy broadband noise in
DAS data with a strong correlation between the precipitation rate andmean DAS energy, consistent with past
studies using traditional seismic sensors. However, DAS sensitivity to rain is heavily influenced by several ex-
ternal factors, including burial conditions, deployment depth, cable coupling, and seasonal ground coverage.
In complex urban environments, where the signal is coupled directly from surface impacts on utility infras-
tructure, fiber sensitivity appears to be limited to spatial domains where the cable resurfaces from the deep
conduits. Ultimately, our study shows that DAS can serve as a scalable alternative to traditional seismic sen-
sors for distributed rain sensing across urban networks after identifying network portionswith environmental
sensitivity.

Non-technical summary Accurate rainfall measurements are essential for predicting floods and
managingwater resources, yet traditional rain gauges and satellite data often do not provide enough detail at
the local scale. This study explores whether fiber-optic cables, which are commonly used for telecommuni-
cations, can helpmeasure rainfall. Using a technology called distributed acoustic sensing (DAS), we analyzed
ground vibrations recorded along fiber-optic cables at two locations in Houston, Texas: one in a controlled
campus setting and another along a 12-kmurban cable network. We found that rainfall produces clear acous-
tic signals in the cables, and the strength of these signals increases with rainfall intensity. However, how ac-
curately the systemdetects rain depends on howandwhere the cable is installed. Factors such as cable burial
depth, its connection to the ground, and surface conditions affect its sensitivity. In cities, the cable is primarily
sensitive to rainfall when it is close enough to the surface. Overall, the results show that fiber-optic networks
could serveas large-scale, high-resolution rain sensors, especially inurbanareaswhere traditionalmonitoring
is limited.

Epigraph Like Rain it sounded till it Curved
And then I knew ‘twas Wind—
It walked as wet as any Wave
But swept as dry as Sand—

When it had pushed itself away
To some remotest Plain

A coming as of Hosts was heard
That was indeed the Rain—

It filled the Wells, it pleased the Pools
It warbled in the Road—

It pulled the spigot from the Hills
And let the Floods abroad—
It loosened acres, lifted seas
The sites of Centres stirred
Then like Elijah rode away
Upon a Wheel of Cloud.

– Emily Dickinson
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�*�) �.�*�$�' �/�4�+� �Ú �/�#� �*���.� �-�1� �� �.� �$�.�(�$�� �.�$�"�)���/�0�-� �1���-�$� �. �!�-�*�(
�.�$�/� �/�* �.�$�/� �ø���$�)���-���#���-�$�.���*�)�� � �/ ���'�Ù�Ú�§�¥�§�§�ù�Ù ���/�#� �- �-� �.� ���-���#
�.�0�"�"� �.�/�. �/�#���/ �/�#� �����)���2�$���/�# �*�! �/�#� �-���$�) �.� �$�.�(�$�� �.�$�"�)���'
���'�.�* ��� �+� �)���. �*�) �/�#� �/�*�*�' ���)�� �/�#� ��� �+�'�*�4�(� �)�/ ���*�)���$�/�$�*�)�.
�ø��� ���) �Ú�§�¥�¦�¬�Ü���$���5 � �/ ���'�Ù�Ú�§�¥�§�¨�ù�Ü �#�*�2� �1� �-�Ú �/�#� � �3�����/ �2���1� 
�(�*��� �. �/�#���/ ���-� � �3���$�/� �� ���4 �-���$�) ���-� �)�*�/ �2� �'�' �.�/�0���$� ���Ù

���*�)�.�$��� �-�$�)�" ��� �(�*�)�.�/�-���/� �� �.� �$�.�(�$�� �.� �)�.�$�/�$�1�$�/�4 �/�* �'�*�����'
�-���$�) � �1� �)�/�.�Ú �$�/ �.�#�*�0�'�� ��� �+�*�.�.�$���'� �/�* �(�*�)�$�/�*�- �'�*�����' ���)��
�-� �"�$�*�)���' �.�/�*�-�(�. �0�.�$�)�" �'���-�"� �ð�� �.� �$�.�(�$�� �.� �)�.�*�- ���-�-���4�.�Ù
�	�*�2� �1� �-�Ú �1� �-�4 �!� �2 �.�/�0���$� �. �#���1� �.�0����� �.�.�!�0�'�'�4 ��� �(�*�)�ð
�.�/�-���/� �� �/�#���/�Ú �+���-�/�$���0�'���-�'�4 �*�) �� �.�$�"�)�$�ž�����)�/ �.�����'� �*�- �$�) ���)
�0�-�����) � �)�1�$�-�*�)�(� �)�/�Ù�	�0�� � �/ ���'�Ù�ø�§�¥�§�¨�ù ���)�����$���5 � �/ ���'�Ù
�ø�§�¥�§�¨�ù �0�/�$�'�$�5� �� ��� �)�.� �.� �$�.�(�$�� �)�*�����' ���-�-���4�. �/�* �*���/���$�) �+�-� �ð
���$�+�$�/���/�$�*�) �(���+�. �2�$�/�# �#�$�"�# �.�+���/�$�*�/� �(�+�*�-���' �-� �.�*�'�0�/�$�*�)�Ú
���)�� �/�#� �-� �.�0�'�/�. ���+�+� ���-� �� �+�-�*�(�$�.�$�)�"�Ù �	�*�2� �1� �-�Ú �/�#� �$�- �0�/�$�ð
�'�$�5���/�$�*�) �*�! �� �'���-�"� �ð�.�����'� �)�*�����' �)� �/�2�*�-�& �.�0�"�"� �.�/� �� �'�$�(�$�/���ð
�/�$�*�)�. �.�$�)��� �.�0���# ��� �+�'�*�4�(� �)�/�. ���-� �)�*�/ �� �/�-�$�1�$���' �0�)��� �-�/���&�ð
�$�)�" ���0� �/�* ��� �(���)���$�)�" �'�*�"�$�.�/�$���. ���)�� ���*�.�/�. �!�*�- ��� �+�'�*�4�(� �)�/
���)�� �-� �/�-�$� �1���'�Ú �(���&�$�)�" �$�/ ���#���'�'� �)�"�$�)�" �/�* �.�����'� �0�+ �!�*�- �(�*�)�ð
�$�/�*�-�$�)�" �+�0�-�+�*�.� �.�Ù ���*��� �. ���'�.�* �#���1� �'�$�(�$�/� �� �����/�/� �-�4 �'�$�!� 
���)�� �����/�� �.�/�*�-���"� �.�+����� �Ú �'�����& �*�+�/�$�*�)�. �/�* �(�*�)�$�/�*�- �$�)�.�/�-�0�ð
�(� �)�/ �#� ���'�/�# �*�- �-� �.�+�*�)�.� �$�) �-� ���' �/�$�(� �Ú ���)�� �$�/ �(���4 �)�*�/ ��� 
�!� ���.�$���'� �/�* �+�-�*�+� �-�'�4 �$�)�.�/���'�' �)�*��� �. �$�) ���-� ���. �2�$�/�# �-� �.�/�-�$���/� ��
�.�+����� ���1���$�'�����$�'�$�/�4 �*�- �.�/�-�$���/ �+� �-�(�$�/�/�$�)�" �-� �,�0�$�-� �(� �)�/�.�Ù

���$�1� �) �/�#� �.� �'�$�(�$�/���/�$�*�)�.�Ú ���$�.�/�-�$���0�/� �� �����*�0�.�/�$�� �.� �)�.�ð
�$�)�" �ø�������ù �(�$�"�#�/ ��� �� ��� �/�/� �- ���'�/� �-�)���/�$�1� �/�* �/�-�����$�/�$�*�)���'
�.� �$�.�(�$�� �.� �)�.�*�-�. �!�*�- �.�/�*�-�( �(�*�)�$�/�*�-�$�)�" �!�*�- �� �)�0�(��� �-
�*�! �-� ���.�*�)�.�Ù ������ �0�/�$�'�$�5� �. �ž��� �-�ð�*�+�/�$�� �������'� �.�Ú �2�#�$���# ���-� 
�*�)� �*�! �/�#� �'� ���.�/ � �3�+� �)�.�$�1� �Ú �-�*���0�.�/�Ú �4� �/ �#�$�"�#�'�4 �.� �)�.�$�ð
�/�$�1� �.� �$�.�(�$�� �.� �)�.�*�-�. �ø�
�$�)���.� �4 � �/ ���'�Ù�Ú�§�¥�§�¥�Ü�
�$�)���.� �4 ���)��
�����-�/�$�)�Ú�§�¥�§�¦�ù�Ù ���.�$�)�" �������Ú �$�/ �$�. ���'�.�* �+�*�.�.�$���'� �/�* �-� �ð
�+�0�-�+�*�.� � �3�$�.�/�$�)�" ��� ���*�(�(�$�.�.�$�*�)� �� �/� �'� ���*�(�(�0�)�$�����/�$�*�)
�������'� �. �ø�����'�'� �� �����-�& �ž��� �-�ù�Ú �2�#�$���# �(���&� �. �/�#�$�. �/�*�*�' � �.�+� �ð
���$���'�'�4 ���/�/�-�����/�$�1� �$�) ���) �0�-�����) � �)�1�$�-�*�)�(� �)�/ �2�$�/�# �'�$�(�$�/� ��
�/�*�*�' ��� �+�'�*�4�(� �)�/ �*�+�/�$�*�)�. �ø���%�*�ð���-���)�&�'�$�) � �/ ���'�Ù�Ú�§�¥�¦�®�Ü���*�ð
���-�#�"�0� �5 ���-�$�����'���*�. ���)�� ���%�*�ð���-���)�&�'�$�)�Ú�§�¥�§�¦�ù�Ù ���*�-� �-� ��� �)�/
�����1���)��� �. �#���1� ���'�.�* ��� �(�*�)�.�/�-���/� �� ������ �-� ���*�-���$�)�" �*�) �'�$�/
�/� �'� ���*�( �������'� �.�Ú �2�#�$���# ���-� � �1� �) �(�*�-� �����0�)�����)�/ �/�#���)
�����-�& �ž��� �- �!�*�*�/�+�-�$�)�/�. �ø���#�$ � �/ ���'�Ù�Ú�§�¥�§�ª�Ü���$�� � �/ ���'�Ù�Ú�§�¥�§�¦�ù�Ù
������ ���'�.�* ��� �)� �ž�/�. �!�-�*�( �#�$�"�# �.�+���/�$�*�/� �(�+�*�-���' �-� �.�*�'�0�/�$�*�)
���)�� �#���. �.�0����� �.�.�!�0�'�'�4 ��� � �) �0�.� �� �!�*�- �� �-���)�"� �*�! � �)�1�$�-�*�)�ð
�(� �)�/���' ���+�+�'�$�����/�$�*�)�. �ø���*���*�'� �1�.�&���$�� � �/ ���'�Ù�Ú�§�¥�§�©�Ü���#� �)�"
� �/ ���'�Ù�Ú�§�¥�§�§�Ü���*���-�#�"�0� �5 ���-�$�����'���*�. ���)�� ���%�*�ð���-���)�&�'�$�)�Ú�§�¥�§�¦�Ü
���#�����*���) � �/ ���'�Ù�Ú�§�¥�§�¨�ù�Ù �	�*�2� �1� �-�Ú �/�#� �-� ���-� �!� �2 �.�/�0���ð
�$� �. �0�.�$�)�" ������ �!�*�- �-���$�) �(�*�)�$�/�*�-�$�)�"�Ù�����2� � �.�$�)�/���)���)�*�)
� �/ ���'�Ù�ø�§�¥�§�¨�ù �-� �+�*�-�/� �� �$��� �)�/�$�!�4�$�)�" ���$�.�/���)�/ �.�/�*�-�(�. �0�.�ð
�$�)�" ���) �*��� ���)�ð���*�/�/�*�( �/� �'� ���*�(�(�0�)�$�����/�$�*�) �������'� ���4 �/�-�����ð
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�� � ���#� �����*�0�.�/�$���. �*�! �-���$�)�!���'�' �0�.�$�)�" ������

�$�)�" �*��� ���) �.�2� �'�'�.�Ù ���* �(�*�)�$�/�*�- �� �'�*�����' �.�/�*�-�(�Ú���#� �)
���)�� ���#�0 �ø�§�¥�§�¨�ù �0�/�$�'�$�5� �� ���) �0�-�����) �0�)��� �-�"�-�*�0�)�� �������'� 
���)�� �-� ���*�-��� �� �2�$�)���ð ���)�� �-���$�)�ð�$�)���0��� �� �)�*�$�.� �!�*�'�'�*�2�$�)�"
�(�*��� �-���/� ���)�� �#� ���1�4 �-���$�) � �1� �)�/�.�Ù �	�*�2� �1� �-�Ú �/�#� �4 ���/�ð
�/�-�$���0�/� �� �/�#� �*���.� �-�1� �� �.�$�"�)���' �/�* �2���/� �- �Ÿ�*�2 �$�) �.�/�*�-�(�2���/� �-
���-���$�)���"� �.�4�.�/� �(�. ���)�� �*���.� �-�1� �� �)�* ���$�-� ���/ �-���$�)�!���'�' �.�$�"�)���ð
�/�0�-� �Ù

�
�) �/�#�$�. �.�/�0���4�Ú �2� �0�/�$�'�$�5� �ž��� �-�ð�*�+�/�$�� �������'� �. �$�) ���$�¡� �-� �)�/
�.� �/�/�$�)�"�. �/�* �(�*�)�$�/�*�- �-���$�) �����/�$�1�$�/�4 �0�.�$�)�" �)�*�$�.� �.�$�"�)���'�. �$�)
�+���.�.�$�1� ������ �����/���Ù ���/ �/�#� �ž�-�.�/ �.�$�/� �Ú �/�#� �������'� �$�. ��� �+�'�*�4� ��
�$�) �.�*�$�' �$�) �� �.�/�-�$���/�'�4 ���*�)�/�-�*�'�'� �� � �)�1�$�-�*�)�(� �)�/�Ú �2�#�$�'� �/�#� 
�.� ���*�)�� �������'� �$�. ���) �0�-�����) �����-�& �ž��� �- ���-�-���4�Ù ��� ���)���'�4�5� 
�/�#� �����/�� ���*�'�'� ���/� �� �*�1� �- �.� �1� �-���' �(�*�)�/�#�. ���)�� ��� �(�*�)�.�/�-���/� 
�/�#���/ ������ �����) �-� ���*�-�� ���$�-� ���/ �-���$�) �.�$�"�)���/�0�-� �. �0�)��� �- �!���1�*�-�ð
�����'� ���*�)���$�/�$�*�)�.�Ù ���.�$�)�" �����/�� �!�-�*�( �/�#� �ž�-�.�/ �.�$�/� �Ú �2� � �1���'�ð
�0���/� �/�#� � �¡� ���/ �*�! �/�#� �/�4�+� �*�! ��� �+�'�*�4�(� �)�/�Ú ���0�-�$���' ���*�)���$�ð
�/�$�*�)�.�Ú ���0�-�$���' ��� �+�/�#�Ú ���)�� �"�-�*�0�)�� ���*�1� �- �*�) �/�#� �-� ���*�-��� ��
�-���$�) �.�$�"�)���/�0�-� �Ù ���#� �)�Ú �� �.�$�(�$�'���- ���)���'�4�.�$�. �*�! �/�#� �����-�&
�ž��� �- �����/�� �#�$�"�#�'�$�"�#�/�. �/�#� ���$�¡� �-� �)��� �. �$�) �-���$�) �.�$�"�)���/�0�-� 
�*���.� �-�1� �� �$�) �0�-�����) �/� �'� ���*�( �)� �/�2�*�-�& �����/�� ���*�(�+���-� �� �/�*
�/�#� � �3�+� �-�$�(� �)�/���' �.� �/�/�$�)�"�Ù ���0�- ���)���'�4�.�$�. ��� �(�*�)�.�/�-���/� �.
�/�#� �+�*�/� �)�/�$���' �*�! �0�.�$�)�" ������ �$�) ���*�(���$�)���/�$�*�) �2�$�/�# �����-�&
�ž��� �- �!�*�- ���$�.�/�-�$���0�/� �� �-���$�) �"���0�"�$�)�" �����-�*�.�. �'���-�"� ���$�.�/���)��� �.
�2�#�$�'� �+�-� �.� �-�1�$�)�" �#�$�"�# �.�+���/�$�*�/� �(�+�*�-���' �-� �.�*�'�0�/�$�*�)�Ù

�µ ���3�+� �-�$�(� �)�/ �.� �/ �0�+�ê �/�*�*�'�.�ê ���)�� �(� �/�#�ÿ
�*���.

���#� �����/�� ���)���'�4�5� �� �$�) �/�#�$�. �+���+� �- �2� �-� ���*�'�'� ���/� �� ���/ �/�2�*
���$�.�/�$�)���/ �.�$�/� �.�Ù ���#� �ž�-�.�/ �����/���.� �/ ���*�(� �. �!�-�*�( �� �-� �.� ���-���#
�/� �.�/ �!�����$�'�$�/�4 �*�) �/�#� ���$��� ���)�$�1� �-�.�$�/�4 �����(�+�0�.�Ù ���#� �-� �Ú �2� 
�0�.� �� �� �.�#�*�-�/ �������'� �$�)�.�/���'�'� �� �$�) �� �����-� �!�0�'�'�4 ���*�)�/�-�*�'�'� ��
� �)�1�$�-�*�)�(� �)�/ �$�) �/�2�* ���$�(� �)�.�$�*�)�.�ò�$�) �� �.�#���'�'�*�2 �.�0�-�!����� 
�/�-� �)���# ���)�� ��� �#�$�)�� �/�#� �����.�$�)�" �*�! �� �2� �'�'���*�-� �Ù ���#� �.�$�/� �$�.
�$�)�.�/�-�0�(� �)�/� �� �2�$�/�# �� �(� �/� �*�-�*�'�*�"�$�����' �.�/���/�$�*�) �!�*�- ���*�)�/�$�)�0�ð
�*�0�. �(� ���.�0�-� �(� �)�/ �*�! �'�*�����' �+�-� ���$�+�$�/���/�$�*�) ���)�� �*�/�#� �- � �)�1�$�ð
�-�*�)�(� �)�/���' �1���-�$�����'� �.�Ù ���#� �.� ���*�)�� �����/���.� �/ �2���. �-� ���*�-��� ��
�*�) �� �����-�& �ž��� �- ���-�-���4 �/�#���/ ��� �"�$�)�. �*�) �����(�+�0�. ���)�� � �3�/� �)���.
�*�1� �- �.� �1� �-���' �&�$�'�*�(� �/� �-�. �����-�*�.�. �/�#� ���$�/�4 �*�! �	�*�0�.�/�*�)�Ù ���#� 
�������'� ��� �+�'�*�4�(� �)�/ ���*�)���$�/�$�*�)�. �1���-�4 ��� �+� �)���$�)�" �*�) �/�#� �'�*�ð
�����/�$�*�)�Ú ���0�/ �+�-� ���*�(�$�)���)�/�'�4 �$�/ �-� �.�/�. �$�) ���) �0�)��� �-�"�-�*�0�)��
���*�)���0�$�/ �2�$�/�# �#�*�-�$�5�*�)�/���'�'�4 ���-�$�'�'� �� �.� ���/�$�*�)�. ��� �)� ���/�# �(���ð
�%�*�- �$�)�!�-���.�/�-�0���/�0�-� �Ù ���#� �.� �)� �/�2�*�-�&�. �-� �+�-� �.� �)�/ ���$�¡� �-� �)�/
�(�*�)�$�/�*�-�$�)�" ���*�)���$�/�$�*�)�.�Ú ���)�� � �����# �#���. �$�/�. �.�/�-� �)�"�/�#�. �!�*�-
� �1���'�0���/�$�*�)�Ù ��� �2�$�'�' �.�#�*�2 �#�*�2 ���$�¡� �-� �)��� �. �$�) �/�#� �������'� 
���*�)�ž�"�0�-���/�$�*�) �+�-�*���0��� �.�$�"�)�$�ž�����)�/ �1���-�$���/�$�*�)�. �$�) �/�#� �*���ð
�.� �-�1� �� �.� �$�.�(�$�� �-���$�) �-� �.�+�*�)�.� �Ù

�µ�é�´ ���$��� ���0���.�0�-�!����� ��� �.�/ �������$�'�$�/�4

���$��� ���0���.�0�-�!����� ��� �.�/ �������$�'�$�/�4 �ø���������ù �$�. �� �-� �.� ���-���# �2� �'�'
�/� �.�/ �.�$�/� �'�*�����/� �� �*�) �/�#� ���$��� ���)�$�1� �-�.�$�/�4 �����(�+�0�. �$�) �	�*�0�.�ð
�/�*�)�Ú �����Ù �
�/ �2���. �*�-�$�"�$�)���'�'�4 ��� �1� �'�*�+� �� �/�* ���*�)���0���/ �#�4���-�*�ð
�"� �*�+�#�4�.�$�����' � �3�+� �-�$�(� �)�/�. �/���-�"� �/�$�)�" �.�#���'�'�*�2 ���,�0�$�!� �- �-� �ð
�.�+�*�)�.� ���)�� �/�* �/� �.�/ �)� �2 �"� �*�+�#�4�.�$�����' �$�)�.�/�-�0�(� �)�/�.�Ù ���*�-
�� �!�0�'�' ��� �.���-�$�+�/�$�*�) �*�! �/�#� �.�$�/� �-� ����� �-�. ���-� �-� �!� �-�-� �� �/�*
���*���*�'� �1�.�&���$�� ���)�� ���%�*�ð���-���)�&�'�$�)�ø�§�¥�§�ª�ù�Ù ��� ���*�'�'� ���/� �� �����/��
�0�.�$�)�" �� �.�$�)�"�'� �ð�(�*��� �ž��� �-�ð�*�+�/�$�� �������'� �$�)�.�/���'�'� �� ��� �#�$�)��
�/�#� �����.�$�)�" �*�! �/�2�* �2� �'�'�. �ø���$�"�0�-� �¦���ð���ù�Ù �
�) �/�#�$�. �+���+� �-�Ú �2� 
�!�*���0�. �*�) �/�#� �.�0�-�!����� �+�*�-�/�$�*�) �*�! �/�#� �������'� ���. �2� �'�' ���. �/�#� 
�.�#���'�'�*�2� �.�/ �+�*�-�/�$�*�) �*�! �/�#� �������'� �$�) �/�#� �2� �'�'�.�Ù ���0�-�$�)�" �$�)�ð
�.�/���'�'���/�$�*�) �/�#� �2� �'�' �������'� �2���. �/���+� �� �/�* �/�#� ������ �����.�$�)�" ���)��

�/�#� �) ��� �(� �)�/� �� �/�* �/�#� �2���'�'�.�Ù ���#� �.�0�-�!����� �+�*�-�/�$�*�) �*�! �/�#�$�.
�������'� �2���. �+�'����� �� �$�) �� �Ÿ� �3�$���'� �+�'���.�/�$�� �/�0���$�)�" ���)�� ���0�-�$� ��
�$�) �.�*�$�' ��� �/�2� � �) �/�#� �2� �'�'�. ���)�� �0�)��� �- �/�#� �"�-���1� �' ���. �/�#� 
�������'� ���+�+�-�*�����#� �� �/�#� �$�)�.�/�-�0�(� �)�/ �/�-���$�'� �-�Ù �
�) �������$�/�$�*�)
�/�* �+�-� � �3�$�.�/�$�)�" � �,�0�$�+�(� �)�/�Ú �2� �$�)�.�/���'�'� �� �� �.� �+���-���/� �������'� 
�*�) �/�#� �.�0�-�!����� � �3�/� �)���$�)�" �*�1� �- �¦�©�¥ �( �ø�/�$�"�#�/�ð���0�¡� �-� �� �����ð
���'� �2�$�/�# �© �.�$�)�"�'� �ð�(�*��� �ž��� �-�.�Ú ���-���(�$�� �4���-�)�Ú ���)�� �	������
�%�����&� �/�Ú ���$�"�0�-� �¦���ù�Ù ���#� �������'� �!�*�-�(� �� �� �'�*�*�+ �.�/���-�/�$�)�" �!�-�*�(
�/�#� �/�-���$�'� �-�Ú �"�*�$�)�" �/�* �/�#� �(� �/� �*�-�*�'�*�"�$�����' �.�/���/�$�*�)�Ú �/�#� �)
�-� �����#�$�)�" �/�#� �)�*�-�/�#�2� �.�/ � ���"� �*�! �/�#� �.�$�/� �Ú �/�0�-�)�$�)�" ���-�*�0�)��
���)�� �!�*�'�'�*�2�$�)�" �� �.�/�-���$�"�#�/ �'�$�)� �/�*�2���-���. �/�#� �.�*�0�/�#� ���.�/ � ���"� 
�*�! �/�#� ���$��� �����(�+�0�.�Ú ���)�� �/�#� �) �-� �/�0�-�)�$�)�" �������& �/�* �/�#� �.�$�/� 
�!�*�'�'�*�2�$�)�" �/�#� �.���(� �+���/�# �/�*�2���-���. �/�#� �2� ���/�#� �- �.�/���/�$�*�)
���)�� �������& �/�* �/�#� �/�-���$�'� �-�Ù �� �.�#�*�-�/ �.� ���/�$�*�) �*�! �/�#� �������'� ��� �ð
�/�2� � �) �/�#� �/�-���$�'� �- ���)�� �/�#� �2� ���/�#� �- �.�/���/�$�*�) �2���. �$�)�.�/���'�'� ��
�$�) �� �+�'���.�/�$�� �/�0���$�)�" �ø�!�*�- �������'� �+�-�*�/� ���/�$�*�)�ù ���0�-�$� �� �0�)��� �-
�/�#� �"�-���1� �'�Ù ���#� �-� �.�/ �*�! �/�#� �������'� �2���. �+�'����� �� �$�) �� �.�#���'�'�*�2
�/�-� �)���# �ø�ª�ñ�¦�¥ ���( ��� � �+�ù �������&�ð�ž�'�'� �� �2�$�/�# �*�-�$�"�$�)���' �.�*�$�' �ø���$�"�ð
�0�-� �¦���ù�Ù ���#� �.�*�$�' �/�4�+� �1���-�$� �� �!�-�*�( �.�*�  ���$�-�/ ���/ �/�#� ��������
�/�* �� ���*�(���$�)���/�$�*�) �*�! �#���-���ð�+�����&� �� �-�*���&�4 �.�*�$�'�Ú �.���)�� �+�$�'� �.�Ú
���)�� �.�*�  ���$�-�/ ��� �/�2� � �) �/�#� �������� ���)�� �����$�) ���/�Ù ���* �!�����$�'�ð
�$�/���/� �.�$�(�0�'�/���)� �*�0�. �����/�� �-� ���*�-���$�)�" �����-�*�.�. �/�#� �2� �'�'�. ���)��
�/�#� �.�0�-�!����� �+�*�-�/�$�*�) �*�! �/�#� �������'� �Ú ���'�' �������'� �. �2� �-� �.�+�'�$��� ��
�$�) �/�#� �$�)�.�/�-�0�(� �)�/���/�$�*�) �/�-���$�'� �-�Ù �
�) �������$�/�$�*�) �/�* �������Ú ���)
���-�-���4 �*�! �¨�� �"� �*�+�#�*�)� �)�*��� �. �ø�
�����ð�¦�«�	�� �¨�� ���(���-�/ ��� �$�.�ð
�(�$�� ��� �)�.�*�-�.�Ú �)���/�0�-���' �!�-� �,�0� �)���4 �*�! �ª �	�5�Ú ���(���-�/���*�'�* �
�)���Ù�ù
�2���. �$�)�.�/���'�'� �� �$�) �� �.�/�-���$�"�#�/ �'�$�)� ���'�*�)�" �/�#� �.�0�-�!����� �ž��� �-�ð
�*�+�/�$�� �������'� �2�$�/�# �§�ð�( �.�+�����$�)�"�Ù ���#� �) �+�*�.�.�$���'� �Ú �/�#� �)�*��� �.
�2� �-� �+�'����� �� �$�) �§�¥�ð���(�ð��� � �+ �#�*�'� �. �Ÿ�0�.�# �2�$�/�# �/�#� �"�-�*�0�)���Ü
�#�*�2� �1� �-�Ú �$�) �+�'����� �. �2�$�/�# �#���-���ð�+�����&� �� ���)�� �-�*���&�4 �.�*�$�' �/�#� �4
�2� �-� ��� �+�'�*�4� �� �.�#���'�'�*�2� �-�Ù

���#� �ž�-�.�/ �����/���.� �/ �2���. ���*�'�'� ���/� �� ��� �/�2� � �) �����)�0���-�4 �¦�¥
���)�� ��� ���-�0���-�4 �¦�«�Ú �§�¥�§�ª�Ù ���* �-� ���*�-�� ���(���$� �)�/ �)�*�$�.� ������
�����/���Ú �2� �0�/�$�'�$�5� �� �� �(�*��� �-�) ������ �$�)�/� �-�-�*�"���/�*�- �0�)�$�/ �ø���-� �ð
���'� �Ú ��� �-�-���¦�ª �
�
���ù �2�$�/�# �¦�Ù�« �( �+�0�'�.� �2�$���/�#�Ú �¥�Ù�­�§ �( �.�+���ð
�/�$���' �.���(�+�'�$�)�"�Ú ���)�� �¦ �&�	�5 �/�$�(� �.���(�+�'�$�)�" �-���/� �Ù ���#� �)�*��� �.
�-� ���*�-��� �� �����/�� �2�$�/�# �/�#� �.���(� �/�$�(� �.���(�+�'�$�)�"�Ù ���*�- �/�#� 
�ž�-�.�/ �!�*�0�- �2� � �&�.�Ú �*�)�'�4 �/�#� �)�*��� �. ���)�� �/�#� �2� �'�' �+�*�-�/�$�*�) �*�!
�/�#� ������ �������'� �2� �-� �-� ���*�-���$�)�" �����/���Ü ��� � �- �/�#���/ �/�#� �.�0�-�ð
�!����� �������'� �2���. ������� �� �/�* �/�#� �����,�0�$�.�$�/�$�*�) �"� �*�(� �/�-�4�Ù ���0�-�ð
�$�)�" �/�#� � �3�+� �-�$�(� �)�/�Ú �/�#� �(� �/� �*�-�*�'�*�"�$�����' �.�/���/�$�*�) ���/ �/�#� 
�.�$�/� �-� ���*�-��� �� �(�0�'�/�$�+�'� �-���$�) � �1� �)�/�. �*�) �¦�ª ���$�¡� �-� �)�/ �����4�.�Ù
�	�*�2� �1� �-�Ú �*�)�'�4 �/�2�* �����4�. �-� ��� �$�1� �� �� �.�0���.�/���)�/�$���' ���(�*�0�)�/
�*�! �-���$�) �ø�©�§ ���)�� �ª�® �(�( ���0�(�0�'���/�$�1� �'�4 �*�) �����)�0���-�4 �§�« ���)��
��� ���-�0���-�4 �¦�¦�Ú �-� �.�+� ���/�$�1� �'�4�ù �2�#�$�'� �!�*�- �/�#� �-� �.�/ �*�! �/�#� �����4�.
�/�#� ���1� �-���"� �/�*�/���' �����$�'�4 �������0�(�0�'���/�$�*�) �2���. �0�)��� �- �© �(�(�Ù
�������*�-���$�)�" �/�*��� ��� �-���' ��� �/� �*�-�*�'�*�"�$�����' �	���)�����*�*�&�ø�§�¥�¥�ª�ù�Ú
�/�#� �'���/�/� �- ���-� ���'���.�.�$�ž� �� ���. �'�$�"�#�/ �-���$�) � �1� �)�/�. �2�$�/�# �+�-� ���$�+�ð
�$�/���/�$�*�) �-���/� �. �0�)��� �- �§�Ù�ª �(�(���#�-�Ù ���#� �-���$�) � �1� �)�/ �*�) �����)�ð
�0���-�4 �§�« �$�. ���'���.�.�$�ž� �� ���. �(�*��� �-���/� �ø�§�Ù�ª�ñ�¬�Ù�ª �(�(���#�-�ù�Ù ���#� 
�*�)�'�4 �#� ���1�4 �-���$�) � �1� �)�/ �ø�*�1� �- �¬�Ù�ª �(�(���#�-�ù �-� ���*�-��� �� ���0�-�ð
�$�)�" �/�#�$�. � �3�+� �-�$�(� �)�/ �*�����0�-�-� �� �*�) ��� ���-�0���-�4 �¦�¦�Ù ���) �������$�ð
�/�$�*�)���' �.� �/ �*�! ������ �����/�� �*�) �/�#� �.�0�-�!����� �+�*�-�/�$�*�) �*�! �/�#� �������'� 
�2���. ���*�'�'� ���/� �� ��� �/�2� � �) ���+�-�$�' �¨�¥ ���)�� �����4 �¦�§�Ú �§�¥�§�ª �2�$�/�#
�/�#� �.���(� �����,�0�$�.�$�/�$�*�) �.� �/�/�$�)�"�.�Ù ���/ �/�#�$�. �+�*�$�)�/�Ú �/�#� �-� �2���.
�� �.�0���.�/���)�/�$���' ���#���)�"� �$�) �/�#� �"�-�*�0�)�� ���)�� �/�-� � ���*�1� �-���"� ���/
�/�#� �.�$�/� ���0� �/�* �.� ���.�*�)���' �1� �"� �/���/�$�*�) �"�-�*�2�/�#�Ù ���#� �-� �2� �-� 
�­ ��� �/� ���/� �� �-���$�)�!���'�' � �1� �)�/�. ���0�-�$�)�" �/�#�$�. �+� �-�$�*���Ú �« �*�! �2�#�$���#
�2� �-� �'�$�"�#�/ �-���$�)�. �2�$�/�# �/�#� �/�*�/���' �������0�(�0�'���/�$�*�) �0�)��� �- �© �(�(
�+� �- �����4�Ù
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���� � ���������������	 �������
���
�� � ���#� �����*�0�.�/�$���. �*�! �-���$�)�!���'�' �0�.�$�)�" ������

���$�"�0�-� �´ ���3�+� �-�$�(� �)�/���' �"� �*�(� �/�-�4 ���/ �/�#� ���$��� ���0���.�0�-�!����� ��� �.�/ �������$�'�$�/�4 �������������é ������ �����+ ���)�� ������ �.���#� �(���/�$�� ���-�*�.�.�ÿ�.� ���/�$�*�) �*�! �/�#� 
���������é ������ ��� �-�$���' �+�#�*�/�*�"�-���+�# �2�$�/�# �� �.���#� �(���/�$�� �*�! �/�#� �.�0�-�!����� �������'� �"� �*�(� �/�-�4 ���)�� �� �(���+ �$�)�.� �-�/�é ������ ���#�*�/�*�"�-���+�#�. �*�! �/�#� �.�0�-�!����� 
�������'� �$�)�.�/���'�'���/�$�*�) �+�-�*��� �.�. ���)�� ���) �$�)�.� �-�/ �1�$� �2 �*�! �/�#� �/�-� �)���#�é ��� �-�1�$��� �'���4� �- ���-� ���$�/�. �!�*�- �������ë ���$���-�*�.�*�G�ê �����)�/�*�-�é ��� �-�1�$��� �'���4� �- ���-� ���$�/�.
�!�*�- �/�#� �$�)�.� �-�/ �$�) �������ë ���.�-�$�ê ���*�(���*�(�ê �����-�(�$�)�ê �����!� ���-���+�#�ê ��� �*��� ���#�)�*�'�*�"�$� �.�ê �
�)���ê �������
�����������ê ���������ê �������ê �������ê ���� ��� �)�.�0�. ���0�-� ���0�ê
���������ê ����������

�µ�é�µ�	�*�0�.�/�*�) ���(���$� �)�/ ���*�$�.� ���-�-���4

�����-�& �ž��� �- �-� �!� �-�. �/�* �/� �'� ���*�(�(�0�)�$�����/�$�*�) �������'� �. �/�#���/ ���-� 
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