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Water: Mother of All Developmental Challenges
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A Not-for-Profit University
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Policy Question: Will certain interventions work?
Policymakers are seldom sure about the response to new interventions by water users.

Technology Question: What role can new digital technologies play?
Space technologies, artificial intelligence, advanced communications, robotics .....



Cost of SDG Attainment for the Indus Basin
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BAU: S85billion per year until 2050 for the Indus Basin

13% more than BAU for SDG attainment

Costing Pakistan nearly S5 billion / year until 2050
Many options for off-setting this difference !

Average yearly expenditure

Electricity grid
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Centre for Water Informatics and Technology
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Cryosphere and the Digital Divide Poverty Alleviation omeaII Farmers

Dr Jawaﬁl:ria Ahmad wins
Climate Fellowship

Net-Zero GHG & Carbon Farming

Dr Talha Manzoor wins
DAAD Grant to explore
Namal Valley

Floods & Disaster Response Digital Agriculture
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State of Digital Divide in Pakistan
Setting the Context
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Access to Connectivity

1 90 Million 1 27 Million 3 Million 1 30 Million

Mobile Cellular Subscribers Mobile Broadband Fixed Telephone Subscribers Broadband Subscribers
Subscribers

- 79.44% 53.14% 1.08% 54.48%

Mobile Mabile Broadband Fixed Broadband
Teledensity Penetration Teledensity Penetration

Source: PTA
Low broadband penetration
China: 76.4%
India: 63% “Out of 54%, about 76% of subscribers are from four cities only.”

Bangladesh: 75.9% (source, tribune.com.pk)
Source: Wikipedia



https://www.pta.gov.pk/en/telecom-indicators
https://tribune.com.pk/story/2312994/countrys-internet-penetration-stands-at-54
https://en.wikipedia.org/wiki/List_of_countries_by_number_of_Internet_users
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Access to Connectivity: The Infrastructure Divide

Choose Service CellubrSewiaE}(hoose Technology GSM B(hooquen'.or All E] Show Coverage Home,

~Select a City-—-

Firozko‘h
- .

—

Afghgn_ispa’n ‘Ghez};i

< Tarinkot Mianwali
e 4% S Qalat ,»v‘. Sargodha
Kandahar Lahore

} Sahiwal
Multan

.
Bahawalpur Jaitsar E

!

2 A
Rahirn Yar Khan

Pakistan F Bikaner _New Delhi

Agra \‘\ UTT,

shahr t \
3 v‘ RAJASTHAN - 22PUr e B8AD
Nawa.bshah Beawar 'G\‘i&élio} e '
bahar [Gwadar s — = y Hydgheiad _ A “/’Il(ota / Jha-n’s,i.\i" -
o Karachi ©£)(;Higg%larnholomev:/©(;S%R%pe:;)elli5©hiépt o QL N et Thim o et

Zong hetwork coverage. (Source: GSMA) Cellular network footprint of Pakistan, 2011. Source: PTA, ProPakistani.pk


https://propakistani.pk/2011/05/13/pta-publishes-coverage-maps-for-cellular-broadband-and-other-telecom-services/
https://www.gsma.com/coverage/#378
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Access to Connectivity: The Unserved Communities

OCeIIuIar towers

Source: OpencCelliD

WIT’s Hydrometry Network, Namal Valley Cryosphere Monitoring Network, Gabbin Jaba, Swat

The unserved communities away from urban centers, disconnected from main roads, and beyond the mountains


https://www.opencellid.org/#zoom=5&lat=30.41&lon=70.62
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WIT’s Experience in CyberPhysical

Systems and loT
Leveraging Scalable IoT for Climate
Resilience
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Evolution of loT technology in the last decade

- Scala?lllty o—Sigfox
all : = : . Latency o
. " 4 . 3 —— - g “~-._Range —@-—LoRa
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) it 9 / i
Payload Length /¢ .}’ Coverage

Deployment

Battery Life Cost Efficiency

Source: A comparative study of LPWAN technologies for large-scale loT
deployment by Kais Mekki

WiFi and Ethernet-
based devices 4G loT modules NB-loT, LoRaWAN, SigFox

Opensource projects

AREDNR
AMATEUR RADIO EMERGENCY DATA NETWORK Powe red

AREDN and HAMNET are high-speed, self-discovering, self- An open source, off-grid, decentralized, mesh network
configuring, and resilient amateur radio data networks for built to run on affordable, low-power devices
emergency communications.



https://www.arednmesh.org/
http://meshtastic.org/
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loT based Interventions

Cryosphere Research for
Basin Scale Water
Availability Assessment

Digital Agriculture with Integrated Irrigation Water
Soil Moisture Sensors Management Building Resilience in Data Scarce Watersheds
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loT Sensors Network
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Real World Use Cases
Innovation for Climate Resilience
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Use Case: GSM based Digital Canal Monitoring Gauges

GSM Based Devices

Roadmap for Scaling up: Using
off-the-shelf modules for rapid

scalability, and reliable supply
* Constraint: Dependent on GSM Connectivity chain

* Benefits: Low power easy to deploy solutions

Source: TTGO


https://www.lilygo.cc/products/t-call-v1-4
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Use Case: LoRa based Digital Agriculture Sensors

g-‘

Gateway

3-5 Acre Plots

LoRa based devices Suitable to connect cluster of sensors at catchment
level

* Benefits:
Roadmap for Scaling up:

* Migration to LoORaWAN, NB-loT
* Development of low-cost LoORaWAN Gateways

* Helps extend coverage beyond the last
GSM signal (5-10KM).

* Constraint: Dependent on GSM Connectivity
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Use Case: LoRa for Cryosphere and Flood Monitoring Sensors
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Sure: CloudRF simulion
Suitable to connect a cluster of sensors at the
catchment level, even beyond the last GSM Signal

GSM and LoRa based Devices

* Benefits: It_)oRSa\{\g?(N devices can help extend Roadmap for Scaling up: /A
coverage by 5-10km Scalable mesh network, using
* Constraint: Dependent on GSM/internet and open source Meshtastic Project

can fail during disasters


http://meshtastic.org/
https://cloudrf.com/
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Use Case: AIOT & Computer Vision, Preventing Human Wildlife-Conflict

Snow leopard mauls 8-year-old boy to death in Galiyat
s | Puish arch 1, 2019 fyamm,

“6

-

Snow leopard kills over 50 cattle
in Hunza

Every year human, livestock and
snow leopard lost their lives.

How can we avoid this human animal conflict?

Camera trap images - Feb 02, 2021

L ey

Sokhtarabad Nala Shachkatr Nala

Camera traps record movement of snow leopard
but there is lack of communication and automated
early warning mechanism

Credit: Dr. Murtaza Taj, Computer Vision Lab, LUMS



https://lums.edu.pk/lums_employee/2860
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Use Case: AIOT & Computer VISIOﬂ _Preventmg Huvman_ Wildlife-Conflict

Realtlme AIOT powered Camera Trap, Hunza, GB, Pakistan

Credit: Dr. Murtaza Taj, Computer Vision Lab, LUMS



https://lums.edu.pk/lums_employee/2860
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Use Case: AIOT & Computer Vision, Preventing Human Wildlife-Conflict

POWERED BY LUMS

Credit: Dr. Murtaza Taj, Computer Vision Lab, LUMS



https://lums.edu.pk/lums_employee/2860

LUMS

A Not-for-Profit University

Use Case: AIOT & Computer Vision, Forest Fire Det

o3y o
LI "-\%ﬂ:.\‘?‘
57

Image Source: FireWatch Australia Source: Forest Fire Detection and Early Warning System, Medium Article

GSM and Ubiquiti long range WiFi Suitable for diversity of sensing using the power of CV, and Al
based connectivity

* Benefits: Computer Vision based sensing can

extend coverage to visual range, depending on Roadmap for Scaling up:

application * Training edge Al models to enable connectivity

* Constraint: Dependent on GSM/broadband using low bandwidth LPWAN network (e.g. LoRa).
connectivity


https://firewatchaustralia.com/the-firewatch-system/
https://medium.com/frontier-technologies-hub/embracing-iot-and-ai-for-forest-protection-lessons-learned-and-the-path-forward-for-the-forest-6c163137c141

<% L.UMS

A Not-for-Profit University

Use Case: AIOT & Computer Vision, Forest Fire Detection and EWS

aTop  POWERED BY LUM

Credit: Dr. Murtaza Taj, Computer Vision Lab, LUMS



https://lums.edu.pk/lums_employee/2860
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Mesh Network for Off-grid

Communication
Resilience for the most vulnerable
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Use Case: Shisper Glacier, Hassanaba, Gilgit-Baltistan

B e e e’

ource: Dawn News

Ice dammed lake at Shisper Glacier (Photo: PMD, GBDMA) Damaged bridge at Hassanabad, after May 2022 GLOF

ource:

Rapidly advancing Shisper Glacier, exemplifying
the Karakoram Anomaly, has heightened the
risk of Glacial Lake Outburst Floods (GLOFs).

There has been a GLOF events at Hassanabad,
every year since 2020.


https://www.dawn.com/news/1688466
https://www.icimod.org/article/gender-dynamics-and-disaster-events-in-hasanabad-pakistan/
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Use Case: Shisper Glacier, Hassanabad, Gilgit-Baltistan

Area of Interest (for sensors deployment) A LoRa Meshtastic Repeater within Area of Interest (for sensors deployment)
still beyond the LoRaWAN Coverage line of sight of the Gateway covered by repeater signals

i MRS SN
AR

S 1119044749

‘ - e eogleEarth
Source: CloudRF simulations

LoRaWAN gateway withing GSM
coverage area

Gateway Coverage View Repeater Coverage View Combined View


http://meshtastic.org/
https://cloudrf.com/
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Local LoRa Servers and Edge Platforms

Work in Progress

* Hybrid use of LoRaWAN and Meshtastic
devices

Network disconnected

Thin gB rd Edge Thin gB rd Edge

ﬂRlEsl m&EdgeCore L] = Persistent storage i!HFRIEs\ "‘&EdgeCore L] = Fersistent storage

. . = i
* Local servers, disconnected from the internet !
. II II
* Benefits: - . - -
: EE N E2 N b EEN B EEN b EE
» Suitable to connect a cluster of sensors at the v | [rme | [ e | iz [ime]
catchment level v Source: Thingsboard
e Coverage can be extended using repeaters at Thingsboard Edge: A Comprehensive l0T Server Operating
selected locations (i.e, beyond a mountain) Independently Without Internet Connectivity

* Data analytics, rule-based decisions, alarm

raising, etc. to be managed without needing

Similar Solutions:
internet

Tago@&:L13

Constraint: Realtime monitoring/syncing may not
be available in areas with no internet coverage

S

Node-RED


https://tagocore.com/
https://nodered.org/
https://thingsboard.io/products/thingsboard-edge/
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Challenges of Communication in Extreme Environment

* Poor or no Internet Connectivity

* Poor or no GSM connectivity

* A general neglect for communities most vulnerable to climate change
e Poor physical access (road infrastructure)

 Lack of skilled labor, support services for the upkeep and maintenance
of innovative solutions

* Adoption Challenges: community, government entities
* Regulations (imports, spectrum etc.)
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Way Forward for building scalable connectivity solutions

* Leveraging loT and open-source ecosystem for connectivity solutions
* Involving the Communities

* Building Scalable solutions that can be transferred to local
communities of maintenance (Arduino is the Inspiration)

* Ensuring a scalable supply chain, using off-the-shelf parts i.e ttgo,
heltec etc.

e Off-grid solutions, innovative syncing solutions (drones?, example of
forestFly project)

e Capacity building of Government Entities, helping in loT Policy
Development
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Our Collaborators
Partners, Donors, and Enablers
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Collaborators
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Early warning and communication system

APNIC

FOUNDATION

NI L7 A

AY CRONTIER
2 N A TECHNOLOGIES
" '
ukaid

from the British people

Forest Fire Detection and Early

for flood risk reduction in Gilgit-Baltistan

Warning System

IRRIGATION

Department Punjab

ool @

Improving Canal Irrigation

Management through
Remote Sensing Based
Decision Support Tool

A
NCRA Agricultural
NATIONAL CENTRE OF Rfll;zctlilcsl}f:b I C I M O D
—————

NCRA-Agricultural Robotics Lab, 250+ node
basin-scale hydrological sensor-network for

soil moisture, canal flows, snowpack,
precipitation

DAAD

Securing Socio-Economic Stability
and Data-Driven Resilience for
Ungauged Namal Valley
Watershed at Monsoon Margins

Nestle o s parner
Saving Water through Water Sense

Project- Caring for Water- Pakistan
initiative



https://wit.lums.edu.pk/GLOF-EarlyWarning
https://wit.lums.edu.pk/GLOF-EarlyWarning
https://medium.com/frontier-technologies-hub/embracing-iot-and-ai-for-forest-protection-lessons-learned-and-the-path-forward-for-the-forest-6c163137c141
https://medium.com/frontier-technologies-hub/embracing-iot-and-ai-for-forest-protection-lessons-learned-and-the-path-forward-for-the-forest-6c163137c141
https://wit.lums.edu.pk/news/building-resilience-data-scarce-water-systems-pakistan
https://wit.lums.edu.pk/news/building-resilience-data-scarce-water-systems-pakistan
https://wit.lums.edu.pk/news/building-resilience-data-scarce-water-systems-pakistan
https://wit.lums.edu.pk/news/building-resilience-data-scarce-water-systems-pakistan
https://youtu.be/djG-sio8W9E
https://youtu.be/djG-sio8W9E
https://youtu.be/djG-sio8W9E
https://www.youtube.com/watch?v=j_iPQmgzmdk
https://www.youtube.com/watch?v=j_iPQmgzmdk
https://www.youtube.com/watch?v=j_iPQmgzmdk
https://sbasse.lums.edu.pk/water-management-through-ai
https://sbasse.lums.edu.pk/water-management-through-ai
https://sbasse.lums.edu.pk/water-management-through-ai
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Part 2: A Multi-scale Soil Moisture

Monitoring Network for Pakistan
From Technology to End-Users
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Spatlal Varlatlon of SM: Jarola Farm, Mian Channu

4

Jarola_Plot_1_Potato_Mian Channu

 CEICIE HRloth2AVheatMian Channu

GPS Coordinates

Plot 1:

Plot 2 :

Plot 3

Plot 4:

Lat 30.356225 Long 72.367665

Lat 30.357446 Long 72.368343

> Lat 30.357590 Long 72.367132

Lat 30.358749 Long 72.368497



Untitled Map

Nawaz Agri Fam

BARSEEM PLOT 1

Nawaz_agri_Barseem_Plot®"Khanewal I

WHEAT PLOT 2

Nawaz_agri_Wheat_Plot_2_Khanewal
Google Earth

Nawaz Agri Farm, Khanewal

WHEAT PLOT 5

Nawaz agriaWheatePlot’5_Khanewal J

WHEAT PLOT 3

dhau az_agri_Wheat_Plot_3_Khanewa

MUSTARB PLOT 4
d

Nawaz_agri_Mustard_Plot 4_Khanewal

Plot 1:

Plot 2

Plot 3 :

Plot 4:

Plot 5:

GPS Coordinates

Lat 30.136101 Long 71.786412

: Lat 30.136402 Long 71.790045

Lat 30.134628 Long 71.786106

Lat 30.136972 Long 71.789796

Lat 30.137610 Long 71.789206



Nawaz Farm Plot 2 Wheat
30

25 WMW

20 "FTTErTrrre

15

10

Q Q Q \} Q Q Q Q Q Q Q
S & & &S S S
ANy L N £ s £ . S S N
Q Q Q Q Q Q Q Q Q Q Q
U O v O o U O U o O U
R & D o © Q > R ONIRC) S
SO SO LI U N NN\ A S
e 2CM e 25cm
Nawaz Farm Plot 5 Wheat
35
30
25
20
15
10
5
0
Q \} QO Q Q Q Q Q Q
S SO N N S L
VAL G| L N S N R
Q Q Q Q Q Q Q Q Q
8)\"lz &V ,19/ oV \‘3\(1' q}q’ oV &V \(19/
K W \‘19/ ,19/ N N W N P

—D5CM  s—12cm

35

30

25

20

15

10

Nawaz Farm Plot 3 Wheat

e | CI) 2 5CM



Nawaz Farm Plot 2 Wheat
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Nawaz Farm Plot 2 Wheat
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A Not-for-Profit University Actual evapotranspiration

Precipitation

® b
Water Balance
Shallow-rooted Deep-rooted
vegetation “  vegetation
Upper soll moisture (0-0.1m)
A general water balance equation is:
Lower soil moisture (0.1-1m)
P=Q+FE+AS
where
Runoff Deep soil moisture (1-6m)

P is precipitation

Q) is runoff

F is evapotranspiration

A5 is the change in storage (in soil or the bedrock)

Deep drainage
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What is Soil Moisture?

« The SM or soil water content, which may be 1o
expressed on a gravimetric, 8 ,,, or 105 4
volumetric, 8 ,, basis represents the amount _ e
of water present in the soil at a given matric § 4o -
potential. ‘T;’
- 3
» The matric potential, ¥ ,, (or matric head, h), £ 10
is synonymous with the combined capillary 8 442
and adsorptive surface forces that hold 2
water within the solid soil matrix and are T 10" -
uniquely related to SM under hydrostatic 2
conditions. 10° -
« The highly nonlinear relationship between 101 | | , L A
SM and ¥ . is termed the soil water 0.0 0.1 0.2 0.3 0.4 0.5 0.6
characteristic and exhibits a very distinctive Volumetric Water Content (cm’ cm™)

shape for each individual soil texture



Farmer Behavior & Technology Adoption

wWC 1 Soill Moisture data for a single crop cycle (Maize): March 2019 — May 2019 =

foom 1d Tww Tm YTD All From | Mar 21, 2019 To | May 20, 2019

Irrigations by

. Over irrigated
advice J

Rain + Irrigation Irrigation without advice

Overilrrigation
Falsely reported

Irrigations by advice irrigation
Under lirigation

T | Under

irrigated
X o 5 b " o X L . X A w9 A . X A s A L P X Pa. A A ok ok A i o
A A G BT G T BT T 3 g s R R pd pF o e e pn o e e L
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Bulk Irrigation Delivery to Farms: Canal commands
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Tertiary Channel Secondary Channel Primary Channel

gt
_____ T

ll ll N
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h
H
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Tail of Middle of Head of
Secondary Secondary Secondary
Channel Channel Channel

Center for Water Informatics & Technology S

LUMS, Pakistan "'

LUMS



Bulk Irrigation Delivery to Farms: Canal commands
A Not-for-Profit University |

e 45 canal commands R 11 11 11 _
ol g
g
« 43, 561Km of canals o TlTl TlTl TlTl 5§
« 18,884Km of seapage-cum-storm water drains PR o

. 12,612Km of tiled drains ol L L]

IRy

Each canal command ~ 10-20 secondary channels (distributary)
Each secondary channel ~ 10-20 tertiary channels (outlets)

107,000 outlets
Proportional type (mostly)

Fixed type

Center for Water Informatics & Technology

LUMS, Pakistan



Farmer-Farmer Interaction

Farm Suply Consistancy (8,0

Contents lists available at ScienceDirect

Agricultural Water Management

A

a

ELSEVIER

journal homepage: www.elsevier.com/locate/agwat

Demand-based water allocation in irrigation systems using mechanism

2 I T T T I
o i o
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Improving Canal Irrigation Management through Remote
Sensing Based Decision Support Tool

Circle Level
Distributary Level

\

Demand management by technology driven
Water accounting Precision irrigation advisory
services

Poor water management costs 4

percent of GDP or around $12
billion per year. (WB)

1 MAF = economic worth $1 billion

alnagar

LBDC (10,000 Cusecs) ~ 7 MAF
Punjab SW ~ 56 MAF | Balochi

Provincial Level—"

Division Level

éﬁ IRRIGATION
o=

Department Punjab
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Surface Energy Balance

FACT: Evaporation

— consumes Energy.
R\ ET

ET=R, -G - H

R, is net radiation;

H Is sensible heat flux;

G G Is heat conduction to the ground;

ET is energy consumed by evapotranspiration.



Site Selection for Soil Moisture Sensors
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Note: 10 Sensors for each cluster, 05 sites having 2 depths
within 250m pixel. (Preferred Depth is 25 cm and 50 cm)

7 clusters x 5 probes x 2 depths = 70 points
at 15 min intervals
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cluster, 05 sites having 2 depths
red Depth is 25 cm and 50 cm)

7 clusters x 5 probes x 2 depths = 70 points
at 15 min intervals
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Leveraging Multi-
source Data Fusion
to Build a Multi-
scale Soll Moisture
Monitoring Network
In Pakistan

Ground sensor network

Remote Sensing

Input Data St

Process-based
model

reams
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G >

Near real-time satellite
retrievals
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Trained machine learning

algorithms
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Machine Learning
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Prior sensor =
measurements

v
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7
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Satellite-based
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Forescasting
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Locust Attack

Localization

Dissemination / Data Sharing

Drought Early
Warning Systems
Systems
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Advisory Services

Water Resources
Information

SM = soil moisture

to = time O (current instance)
tn=time n (to+ n)

ML = machine learning

P = Precipitation

ST = Surface Temperature
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