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1.) 1 OOl AOAOETI |
Groundwater is the primary source of water supply in Mongolia and accounts for
approximately 82% of water use As such, nonitoring and assessing groundwater resources is

essential for policy and decision making, complianceassessmentsthe use of preemptive
measuresfor groundwater exploration, and protection of the resource

Nonetheless, vater demandin Mongolia hassteadly increased due to population growthand
economic developmenin Ulaanbaatar city and mining activity in the Southern Gobi regionTo
ensure groundwater is managed properly requires timely and accuratelata capturing,
information dissemination, and stakeholder capacity building

The Government of Mongolia requested2030 WRG Mongolia team to support the
development ofagroundwater monitoring portal usingdisruptive technologiesfor sustainable
groundwater management inthe country. 7 EQOE OEA AT AT OOAIT Muid
Stakeholder Platform Steering Board in Mongolia, the teamitiated this project in September
20109.

The projectaimedto develop a newcutting edge digitalportal and dashboard for groundwater
datasets using disruptive technologes. However, Mongolia suffered from a lack of
groundwater data due to data confidentiality and security issues. Thus, the project was
implemented astwo sub-projects.

(1) The primary project started with anonymized datasharing from selected river basins
of Mongolia, with the densest and reliable data for data analysisThis resulted inthe
development ofanew groundwater dashboard created by 2030 WR@®vith the support
of the Department of Groundwater Monitoring, Water Authority, and Ministry of
Environment and Tourism of Mongolia. Theeam also createda modelfor predictions
of groundwater levels using machine learning techniquesand Artificial Intelligence
(Al).

(2) The second objective of the project was upgrading the dashboardof KPM LLC in
Mongolia, using theprediction models developedunder this project. The revamped
portal under this project has allowed accurate monitoring and predictions of the
current and future groundwater resources

All the deliverables ofthe aboveprojects were handed over to thekey project partners, namely
Water Authority and Ministry of Environment and Tourism of Mongolia on Marcii5, 2021.

This report provides (a) a background assessment of the prevailingituation of groundwater
monitoring and data management inMongolia, (b) the results and outcomesof the
development of a groundwater dashboard and portal, and conversion of the existing
groundwater monitoring system to the portal, and (c) recommendations for further
development of adigital water platform and groundwater datamanagementin Mongolia. In
summary, the project has initiated and facilitated the development of aGroundwater
Management Centre fosustainable groundwater managemenusing disruptive technology:.

9
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2. Use of disruptive technologies in groundwater
management in Mongolia

2.1. Background

Mongolia is susceptible to water stresandis projected to experience significant gaps in water
supply and demand in two economically significant areas: Ulaanbaatar, the capital city of
-TT¢ci1TEAR AT A OEA O1 OOEAOT ' 1 A€ TORAGEIIGI I-8
population and prominent> but water-intensive> | ET ET ¢ OAAOI Oh -1 1 CIi
expected to exceed supply capacity by the year 2022030 WRG lydroeconomic analysis,
2014).

Ao 1¢
I EAGC

Total water resources of Mongolia arestimated & 564.8 million m3/year. The majority of the
water comes from surface water (98.1%), including glacietsand only 1.9 % comes from
groundwater resources (MET, 2019). Howevei82 percent of total water use was contributed
by groundwater resources. Moreover, water use increased 2.3 times between 2013 and 2016
with close to 95 percent of such usepermitted through groundwater resources (MET, 2017).
Another important issue isthe useof water for the mining sector in the Southern Gobi region.
According to the2018 Annual Report of MET, water use is maximum in the agriculture and
livestock sectors (305 million ni/year or 54% respectively) and mining contributing to 16%
(90 million m3/year). Amongst all the sectors the mining sector is likely to increase its water
consumption, with a high level of gross domestic product (GDP) growtlexpected through
exports of minerals to other countries. As such, the mining wateconsumption, which is
dependent primarily on the non-renewable fossil water needs specific attention.

In this context, a goodunderstanding of the water availability, particularly in the southern Gobi
region, is of prime importance. The currentgroundwater monitoring network in Mongoliahas
a total of273 monitoring boreholes and it will be extendedwith another 170 new boreholes in
2050, asdocumentedin - I T CT 1 E-fednQdeveldpmedt policy vision document (Vision
2050). Therefore, 2030WRG initiated thegroundwater portal and dashboardto create a
predictive analytical tool for groundwater availability using disruptive technology.

2.2. Obijectives of the project

2030 WRGspecified thefollowing objectives in theapplication of disruptive technologiesfor
groundwater management in Mongolia

1 Assesghe current level of groundwater through an IT-enabled platform using data from
initial observation wells

I Suggest a robust data capture and transfer pcess to store and curate the data on a
central server/ repository

1 Explore correlations of groundwater levels with weather patterns, rainfall and other
suitable independent variables

1 Use machine learning tools to identify data anomalies and provide earlyamings

10
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1 Model the groundwater data with a select set of independent variables
1 Disseminate learnings from Mongolia to other 2030 WR@ulti -stakeholder platforms

2.3. Stakeholder engagement

This project was initiated with data collection through the officials of the Mnistry of
Environment and Tourism andthe Water Authority of Mongolia. An initial meetingwas held
with Ministry officials, including the service provider, andformer and current groundwater
monitoring experts, who shared the datafrom the previous groundwater monitoring phase.
Consequentlythe meeting enabled thestakeholders to identify therationale and needdor the
groundwater dashboard.

The discussionhighlighted the need tocreate a general map of the groundwaterportal, such
as data collection and useright of access and to enable predictions of groundwater availability
through digital technology applications.

The project regularly engaged with stakeholdersthrough 2030 WRG multistakeholder
pi AOAEI Oi ET -i11CiiEAhRh xEOE OEA £EI Al AAiI EOAOAI
Board and workstreams.

11
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3. Background on the groundwater monitoring system in
Mongolia

At the start of the project therewere three main digital groundwater databases in Mongolia:

(1) Environmental Information Center, National Agency ofMeteorology and theEnvironment
Monitoring (NAMEM) contains some of the static data othe groundwater resource, generated
through the Integrated Water Resource Management projectimplemented by Ministry of
Environment and Tourism, and annual statistical data on groundwater resource and
consumption collected from provincial environmental departments and river basins z
WWW. eic.mn;

(2) Groundwater monitoring network portal, containing dynamic data mainly collected by
dataloggersz www. groundwater.mn;

(3) Integrated water database in Kharaa River Basin, containing multiple types of datar
characterizing the Kharaa River Basin, and management of water resources within the basin.

Only the database of Environmental Information Center is open tthe public, with the other
two databaseslimited by access restrictionsdue to confidentiality and data security issuesas
open data licensingis not practised in Mongolia. However, dyramic groundwater data is
captured in the groundwater.mn portal, including data from 273 monitoring wells. Alsq this
monitoring network is the main datasourcefor the government,including the Water Auhority,
river basin authorities and experts, and groundwater specialists. Hence, the monitoring
network provided thegroundwater data for the project.

The purpose of thischapter is to review the groundwater monitoring network, from the
collection of data tothe dissemination of results

3.1. Groundwater monitoring network (www.groundwater.mn)

The groundwater monitoring network www.groundwater.mn compromises273 wells (Figure
1) for observational andabstraction purposes.At the national level, monitoring potable water
supply is a high priority ; thus, it is assumed that priority hadeengiven to the potable water
supply wells. At the river basin scale, the territory of Mongolia is divided into 29 river basins.
Qut of 29 river basins in Mongolia, ten river basins do not have monitoring points.

Among RBAs, Tuul Rier basin, UmardGobin GuveetKhalkh Water Basin(UGGKWB), Galba

Uush-Doloodiin GobiBasin (GUDGVB), Altain Uvur GobiBasin (AUGNB) have been covered
intensively with groundwater monitoring points, due to intensifying mining activities and

groundwater demand. There are 42 water aquifershat have been identified in the AU®/B

and GUBBWB, respectively. Approximately more than 50 water ajuifers have been identified
in the UGGKNVB. Aquifers belong toGobiSumber, Dorn@obi and Umnuwobi provinces

generally have monitoring points.

12
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Figure 1. Groundwater monitoring network of Mongolia

Boreholes

|:| Basin boundary
' Province boundary

At the national level, the monitoring network has coveredll the province centers in

Mongolia(Tablel).

Table 1. GWaquifers and monitoring boreholes of the provinces of Mongolia

GROUNDWATER NUMBER OF
T PROVINCE AQUIFERS MONITORING WELLS
1 ARKHANGA| 6 2
2 BAYANKHONGO 24 13
3 BAYANULGII 3 2
4 BULGAN 9 4
5 DARKHAN 2 3
6 DORNOD 8 8
7 DORNOGOE 14 31
8 DUNDGOB| 17 11
9 GOB{ALTAI 13 4
10 GOBISUMBEF 2 6
11 KHENTII 7 7
12 KHOVD 7 3
13 KHUVSGUL 6 4
14 ORKHON 2 2
15 SELENGE 4 1
16 SUKHBAATAF 10 8
17 TUV 6 13
18 ULAANBAATAF 14 73
19 UMNUGOBI 25 68
20 UVURKHANGA 6 4
21 uvs 5 1
22 ZAVKHAN 4 5

13
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3.2. Monitoring parameters and data frequency

At present, the groundwater monitoring databases developed to containthe following types
of data:

A Groundwater level, pressure, temperature, hardness, total dissolved solids and
conductivity in time series;
Geological data, such as borehole logs as static etime entry for some wells
Hydrogeological data, such as depth to watesurface, asstatic data;
Construction data, such as casing, piezometer, and borehole development phatas
static, onetime entry;
Type of equipment, such as pumping equipment an@cords, asstatic, onetime entry;
Geophysical data, including surface and borehole measurementasstatic, onetime
entry.

To o Jo Do Do

During the data collection process, it beameclear that many of these wells have no known
construction information. Without such information, it becomesdifficult to assessthe spatial
and vertical monitoring coverage of hydrogeological units and groundwater zones. The
essential well log data and zoes of completion for wells monitored in the RBAs should be
incorporated into the database. This information will be used in many of the data evaluations,
including zone-specific queries that have been designed and used to illustrate current
groundwater conditions.

The frequency of these data is hourly (24 hours) and measurements havdeenlaunched since
2014 for the monitoring wells.

3.2.1. Groundwater level and its measurement

Conceptually, to measure groundwater level, the logger of the water pressure sensisr
installed in the wells. Thereare two main types of logges installed for the groundwater
monitoring network of Mongolia ET AT OAET C $ E\&A Esseb for6AM@I8, arid A&
(Hobod loggers of O/ btd®installed for 66 monitoring wells. Dgending on the type of
equipment, the logger measures the water pressur®ariation of the air pressuremay influence
the measurements. It ifecommended, therefore, to instalbarometer logger(Figure 2).

14
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(5

Air pressure(|y)

Water level

ko

Water pressure [

Source:Van Essen, 2009

Figure 2. General overview of GW level measurements

The collected data from the loggersre recorded as absolute pressure. This means that the
pressure sensor not only measures the water pressure, but also the air pressure pushing on
the water surface. Thus, air pressure should be subtracted from the absolute pressure of water
to reducethe variation of the air pressure effect. Then water pressure can be converted into
water level relatedto the vertical reference datum.

(S

3.2.2. Water quality data

Water quality datain the wells are variable andinsufficient in the current monitoring network .
It should be noted thatthere is nomechanismto upload water quality datainto the monitoring

network .

3.2.3. Climate and water consumption data

Climate and groundwater abstractionare valuable information for groundwater monitoring
and assessmentThe airrent monitoring networ k has no linkageto climate data. A few of the
well loggers were installed with precipitation loggers, but they are not operative. Similarly,
groundwater use is not linkedto monitoring wells.

15
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3.3. Brief analysis of current situation of GW in Mongolia

We briefly analyzeddata from 102 wells from the total 273 monitoring points in Mongolia
(Figure 3) for the two regions of South @bi and Ulaanbaatar, where the highest density of
groundwater monitoring wells are locatedwith the longest data records

The monitoring points were locatedin the Gobi regionat wells with depths rangng between
25-320 m. The depth of only one well was 24.8 m, depths of 29 wells were in the range 0f-33
93.5 m, depths of 28 wells were in the range of 10088 m, depths of 5 wés were in the range
of 204-243 m,and thedepths of 3 wells were in the range of 2920 m.The selected44 wells
in the Southern Gobi regiorwere in the deep zoneup to 300 m below the ground.For the Tuul
river basin in the Ulaanbaatar areaa totalof 84 monitoring well are registered in the network,
of which 16are non-operative. Of these, 58 wells were selecteith the shallow and intermediate
zone up to 88 m below the ground surfacd he depths of 49 wellds in the range 0f8-47 m and
depths of 19 wellsis in the range of 6688 m.

- O T

Figure 3. GW monitoring boreholes used for the analysis

The groundwater data analysis conductedbr the two selectedregionsis explainedin the
following sections.

3.3.1. South Gobi region

In the data analysisphase the Umnugdi province has been selected due to the density of the
network of groundwater monitoring points. Four river basins, (GGKhWB GUEWB AUGVB
and Ongiriver basin are located in the Umngobi province territory. Umnugobi province
monitors groundwater levels through an extensive network of 67 monitoringpoints that
belong to GJDGWBand AUGWB Only 44 of them were usable for tlis analyss (Table 2). The
number of monitoring points with information for about 4 years (2015-2019) were 44, with
19 of them were newly established in 2018019, approximately. Dataloggers of four
monitoring points seemed tohave stopped functioning.

The network monitoring points have been classifiedto the extent possible by zone of
completion and location within a subbasin. Monitoring pointsin the network include: no
monitoring points in the shallow zone, 23 monitoring points in the intermediate zoneand 21
monitoring points in the deep zone, ranging between 2820 m depth, ofthe selected 44 wells
The median depth was 101.7 m, which is selectechs a delineating border between

16
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intermediate and deep zones. The depths of the first and secondartiles were 60.3 m and
132.5 m, respectively 2030 WRGdid some analysis on existing data gathered since 2015 for
South Gobi Area andhe results are shown below.

In Umnugobi province, a total of 39 aquifers have been identified, consisting of 21 aquifers
belong to Atai Uvur Gobi Water Basinand 18 aquifers belong to @lba Uush Doloodiin Gabi
Water Basin Based on hydrogeologic maps and mining license majpspattern of monitoring
points emerged. In addition to monitoring points of potable water supply for soum oprovince
centers, monitoring points have mostly utilized existing wells alongvith known groundwater
aquifers, which have been surveyethrgely for mining exploration.

Table 2. Information of the monitoring boreholes in the South Gobi region

Well location Total number of  Number of wells Installed Online Active online
wells selected new wells wells

Tsogttsetsii 12 6 6 -

Khankhongor 7 3 4

Bayan-Ovoo 10 5 5 2 2

Khanbogd 19 16 1 3 2

Nomgon 2 1

Noyon 1 1

Khankhongor 2 - 2 2 2

Bayandalai 2 2 1 1

Gurvantes 12 10 1

Total 67 44 19 8 7

Data for more than 70% of the selected wellare incomplete and inconsistent. For instance,
Figure 4 shows the there is incomplete historical data for well 5ghamely GUD 52)with a gap
for the period June 2018 to August 2019Figure 4).
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Figure 4. Inconsistency of the groundwater level of well 52 in the Galba Uush Dolood  Gobi basin

The boxplots of the water level of the wells show that variations of the water levelre low.
However,there arestill certain anomaliespresent (Figure 5).
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Figure 5. Groundwater level var iations of the monitoring wells in the South Gobi region

Trend analysis for the groundwater leves of the monitoring wells in the Umnugobi provinceis
illustrated in Table 3. Three monitoring wells are located near soum centers, fouwells are
located within the influence zone of anining license area and the rest of thevells are in areas
with little anthropogenic impact. Twomonitoring wells are inthe influence zone of soureand
have a constant decreasing trendl'he wells located in theinfluence zone of a mining license
have an increasing trend until 2017and a decreasing trend sinc017, plotting a downward
parabola. The details have beediscussed below(Table 3).

Table 3. Trends of the GW level at the monito ring boreholes in the South Gobi regions

Well location ~ Monitoring well Groundwater level Groundwater Linkage with
description trend description level trend precipitation and
other factors
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Noyon

SumberOvoot

Nariin Sukhait

Tooriin shand

There is only one
monitoring well
(100.1 m) at
deep zone. It can
be said that the
monitoring well
is located in
natural settings
with minimal
anthropogenic
effect.

There are two
wells at
intermediate
level (50.3

m) and one
monitoring well
atdeep (100.6
m) zones. It can
be said that the
well is located in
the natural zone
with minimal
anthropogenic
effect.

There are three
monitoring wells
at shallow

(33.6 m) and one
monitoring well
at deep (70.5
m) zones. All of
the wells are
located in or
near the mining
license area.

Two monitoring
wells at deep
(101.5 m) zone
are located in
natural settings.

The trend of

groundwater level is a

constant increase by
11.1 m between 2015
2019.

The trend of

groundwater level is a

constant decrease by
0.28-0.70 m between
2015-2018, and an
increase by 0.020.42
min 2019 compared
to 2018. The deep
monitoring well hasa
similar pattern of a
decrease by 1.36 m
between 20152018
and an increase by
0.16 m in2019.

Except for one

monitoring well, two
wells at intermediate
shallow wells and on

deepwell have a trend
of water level increase

by 0.15-0.95 m
between2015-2017
and decreaseby 0.25
1.17 min 20172019.
One monitoring well
has aconstant
increase of 3.2m in
2019.

The trend of change in

the groundwater level
is a decrease of 0.68
0.93m between 2015
2019.

]

Y4

7Y

Y
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No impact-
consistent with the
general trend of
precipitation of this
period.

Seasonal
fluctuation of
intermediate
groundwater
monitoring wells
followed by
seasonal
fluctuation of the
precipitation trend,
but the general
trend has been
different.

The precipitation
did not affect the
deepwell basedon
this snapshot of
data.

The trend could
havebeen more
likely to be
influenced by
mining activities
rather than
precipitation
trends.

The precipitation
might have
influenced the
seasonal
groundwater level
fluctuations, yet it
needs further
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Gurvan tes Onemonitoring
well at deep
(101.7 m) zone
is located in the
influence zone of
the soumcenter.
Bayandalai Onemonitoring
well at
intermediate
(40.7 m) and one
well at deep
(86.6 m) zones
are locatednext
to the soum
center.

3.3.2. Tuul river basin

The trend of the
groundwater level is a
decrease of 1.49 m. It
should be noted that
the datalogger level
and groundwater level
do not match closely.
Due to the lack of
sufficient data in
2017,and a total lack
of datain 2018, it is
impossibleto say
anything about

the trend in the deep
well monitoring point.
In addition, it should
be noted that the
datalogger

level in deepwell and
groundwater level in
deepwell is not
exactlymatched. The
intermediate
monitoring well point
has agroundwater
level trend of decrease
by 0.31 mbetween
2015-2019, ifone day
dataon Aug-18,2019
is excluded.

studying. The
general trend in
groundwater level
does not match the
precipitation trend
pattern in
Gurvantessoum.
No sign of effect of
precipitation.

The groundwater
level at
intermediate
monitoring well
has shown a
seasonal
fluctuation with an
almost halfyear
lagged behind
precipitation.
Compared with
only precipitation
data, itcan be said
that there is
anthropogenic
impact besides of
precipitation
variation pattern.

Tuul river basin is the most crowded basin of Mongoliavith the capital city, Ulaanbaatar,
located in the basinhosting over half the national population. The basin areacovers 15059
km2 with alength of 1.24 km. Thewater supply for Ulaanbaataris provided by groundwater
from 10 wellfieldsin the alluvial, diluvial and proluvial deposits (Dorjsuren et al2015). There
are 84 monitoring points in the Tuul river basin, of which only 58 were accessible during the
project. These monitoring points are located in the shallow (0-50 m) and deepzone (>50 m).
The median depth was30 m.The depths of the first andthird quartiles were 22.9m and45 m,
respectively. In this report, 58 wells in Ulaanbaatar in the Tuul river basinwere selected and
analyzedfor groundwater level data betweenthe period of 2015 and 2020 {Table 4).
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Table 4. GW monitoring boreholes in the Tuul river basin

Wellfields Total number of Operative Non Wells with online
monitoring wells operative logger

Deed 12 8 4 2
Tuv 15 15 - 1
Gachuurt 8 6 2

Makh Kombinat 3 3 -

Uildver 10 9 1 1
Nisekh 3 3 - 1
Yarmag 4 3 1 1
Uliastai valley 4 2 2 1
Others 25 14

Total 84 74 10 8

Data for morethan 71% of the selected wellsis incomplete and inconsistent. For instance,
Figure 6 shows there is incomplete historical data for welll3 (namely Tuul 13)with a gap for
the period September2016 to May 2017 and since June 2019
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Figure 6. Inconsistency of the groundwater level of Well 13 in the Tuul river basin

Boxplots of the groundwater level showhigher variations but with fewer outliers than the
SouthGobi region Figure 7).
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Figure 7. Groundwater level variations of the monitoring  wells in the Tuul river basin

Groundwater level data is captured forl2 wells with data ranging from January2015 to June
2020. The result of the trend analys shows that most of the wells have seasonal fluctuations

and are weakly correlated with precipitation ( Table5).

Table 5. Trend analysis for the monitoring boreholes with consistent data between 2015 -2020

in the Tuul river basin

Wells location Monitoring well Groundwater Groundwater
description level trend level trend
description
Deed One monitoring The trend of
well is inthe Groundwater ’
shallow zone (38 level has ‘
m) under the increased
anthropogenic between2017-
impact. 2018, and
decreasel in
2019.
Tuv 6 wells are located There is a
in this wellfield constant trend
145-29 m from for the 2 wells
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Linkage with
precipitation and
other factors
No sign of effect of

precipitation.

There is a weak
correlation
between
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the ground (12,20), but groundwater levels
surface.Three of third well (13) and precipitation
them are under the has decreased by and 6 wells have
natural condition 0.2 m. & seasonal
and rest are under fluctuation.
the anthropogenic
impact.

Gachuurt Total of 3 Base on No sign of effect of
monitoring wells groundwater precipitation .

are located inthe  level data
shallow zone (200  between2015-
50 m) under the 2020, one welb O

anthropogenic water level has

impact. decreased and
two wellsare
constant.

Uildver Two monitoring One wells No sign of effect of
wells are located in groundwater precipitation, but
the shallow zone level has seasonal variations
under the decreased noted.
anthropogenic between2015-
impact. 2017 and ‘ ’

increasedover
2018-2020.

Another welld O
water level has
fluctuated
seasonally since
2018.

3.4. Analysis for groundwater data management and
recomm endations for further development

To achieve the objective of the groundwater monitoringportal, additional tools such as data
input, initial processing, validation, reporting and visualization are neededFrom a broad
perspective, every process involving data can be a part of data managent. Hence, the data
management model adapted from Data Documentation Initiative (Thomas et al. 2008hd as
defined by Fitch, P. et al. (2016}s depicted in Figure 8, showindnow each stepcanbeen applied
to groundwater data management.
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Figure 8. Data management

Define study. Define objectives and data requirements to initiate data management.
Dependng on the objective, types of data, accuracy, interval could be defined in more
detail.

Data collection Collecting data as per objectives and requirements as mentioned in the
previous step.

Data processing and validationData is preprocessed into apprpriate resolutions and
formats such that it is suitable for further steps along with quality assurance and
validations.

Dataarchiving: Data is archived in either a central place or distributed places with a
possibility to data exchange

Data distribution: Either publicly or user-controlled access can be implemented

Data discovery User can answera question with the help of data

Do study. Depending on whetherthe user achieved a goal or not in this stage, further
development ideas orsubsequent repurposing data can arise

Followed by above-mentioned concept, data management analysis and set of
recommendationshave been producedin the next subsections

3.4.1. Data collection

Data collection in Mongolia is a multi-faceted issue characterized by institutional, legal,
cultural, and technical dimensionsTechnical issues are easier to identify and correctable. The
common technical issues are:

Groundwater measurements are made incorrectly in the fieldsuch as erroneous
reading of level gaugs;

Field technician fails to calibrate gauges or dataloggers

The data collectordoes not perform a data quality evaluation

Errors are introduced into the data as it is imported into whatever method is being
used for its storage. Typical errors include transcription errors through manually
inputting data and unit conversion errors or decimal misconversion or entering,
Erroneous data is recorded due to datalogger glitch or malfunctign

Testing data is includedn the data recordings
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Several of the above mentioned issues have beddentified in the groundwater
monitoring network collected through dataloggers. Through brief analysesthe
dominance of the issues has beeddentified (Figure 9).

- Data recordings have been stopped

- Erroneous data have been recorded

- Datalogger recorded data during downloading data process

- Testingdata is included in the data recordings

Data recordings have been
stopped

B Erroneous data have been
recorded

m Datalogger recorded data
during downloading data
process

W Testing data is included in the
data recordings

Figure 9. Erroneous data records

It should be noted that (1) the source of the issues was not always cleand the erroneous
data could have been introduced througha combination of more than one reason, and (2)
certain issues cannot be identified unless there is a written document on standard operating
procedure and logs.

Another important issue to be notedis the possibility of sensor depth change during data
collection and the logger relaunching processOn several occasions, suspicious changes have
been observed in groundwater level time series data without any apparent reason. It could be
either substantial abstractionover a period,or change in logger depth. Yteit was indiscernible
due to lack of abstraction dataThe most common issue was the termination of recordings of a
parameter, which is mainly groundwater hardness data. The second common issue was the
records of erroneous data mostly due to glitches in the dataloggers. However, it is easily
amendable either manually or automatically. Third common issue which could be also easily
amendable is records of data during data downloading and logger relaunching process. Again,
the erroneous data can be easilyisicerned from the general pattern of data and amended via
manual or automated processs. Finally, the test data also can be easily discerned based on
OA AE1 E Asariliedsily antendgble via manual data processing.

For instances, aotal of 46 errors have been noted in the groundwater timeseries data of 44
monitoring points in the South Gobi regionThe ubiquity of the errorsin the database strongly
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indicates that appropriate data handing and data validation should be in place. tther words,
the data collectordoes not perform a data quality evaluation.

3.4.2. Data quality evaluation

Primary validation : This type of validation may be performed by visual inspection of the data
and is intended to catch errors. Some examples the case of groundwater level data are:
A Arecorded depth to water that is greater than the depth of the well
A Errors due to achange in the height of the measuring point
A Errors due to assigning the groundwater level recordings to the wrong well or
screen due to careless labeling while entarng a file.

Secondary validation : The purpose of this step is to determine whether theselected values
are errors or natural extremes. Simple statistical methods are available to check whether
apparently erroneous values are statically likely.

Examples of validation steps for groundwater level measurements:

A Contour maps of groundwater leveldata for a certain period or date can be used to
identify outliers. Outliers show upasa high levels of contours around the location of
the concerned well. The values causing the supposed discrepancies in the regional
contour map should be checked.

A Prepaing time series graphs with multiple hydrographs and the visual inspection
of the graphs may show erroneous measurements. Comparing hydrographs would
normally show similar trends and fluctuations and if not, may indicate erroneous
groundwater level measuements.

A Some simple statistical methods are available to check groundwater level
measurements e.g. deviation from the mean or the median. Data series can be
checked for valueswhich differ more than three times the standard deviation from
the mean or medan.

The groundwater database has manual and automated data correction capacities. The
automated data correction capacity is based on moving average technique. In general, it would
be desirable to have more than one technique available for selection for autonest error
correction.

Tertiary validation : Tertiary validation involves advanced techniques for analysis and
validation of spatial and temporal data. This includesfor instance, advanced statistics and
comparison of different data types. Advanced statigtal methods can be used for detection of
outliers. Parametric and nonparametric statistical trend detection techniques have been
developed for time series to provide most likely estimates of the water level changes over time
and the corresponding confidece interval.

3.4.3. Data storage
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At present, no historical data has been entered or stored into the groundwater database. Yet, it
is advisable to adapta consistent Electronic Data Format (EDF) or other standardsuch as
those of the Open Geospatial Consortium (OGC), the International @anization for
Standardization (ISO) and World Meteorological Organization (WMO). Inconsistenciesay
require alignment of the data at five levels: systems, syntax, structure, semantics and
pragmatics.At present, the only minor issue ighe deployment time of the dataloggerswhich
have not been consistent. Mostly, dataloggers have an option to start at a specified date/time
in the future and those options can be utilized in order to solve this type of issue.

It is advisable to have metedata corresponding tothe data anticipated in the future. There is a
significant international adoption of the ISO/TC2116 standards. Most of the data are available
from RBAs. However, the groundwater monitoring database lacks ajority of the above
mentioned data. Ideallyall of the information listed above should be stored electronically and
in a central repository. However, storing the above data in a digital database requires a major
effort, which may not be feasible in theifst phase of groundwater assessment. In the case of
limited budget, it is recommended to give high priority to electronic storage of groundwater
variables.

Unless the data is collected by sole collector, and handled, processednd stored by the same
person, the best practice is to have standard operating procedus€SOP) which is a manual
describing the protocols for collecting and handling data irthe field and in the office/lab
settings. It ensures uniformity, consistency, and completeness of data séftke SOP will enable
technical personnel to understand and replicate the work at hand and force them to conduct
complete and thorough surveys. SOPs should be establistedhe outset of an investigation to
establish that work has been conducted to a consistent and scientifically defensible standard.

The SOP needs to contain several elements: 1. Stppstep guidelines,and 2. Field notes (e.g.
date/time of datalogger data collection and relaunching, or battery replacement etc.)In
addition to enforcing the collection of specific data elements, the data repository (database or
GIS) should contain mandatory fields that match those on the field data collection sheets. By
enforcing the mandatory nature of these fields, the data cannot be saved into the systemless
they are completed. Other basic steps to maintain the integrity of the data include taking
succinct and clear field notes and permanently archiving thenBOPis essential for quality
assurance.
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3.4.4. Data processing

The processing of data should allow for interpretation of the groundwater resource.
Examples of the type of data processing that would be applied to the database include the
following:

Common ways ofpresenting groundwater level data by means of contour maps
(spatial image) or hydrographs (time series).

Water level elevation with respect to a referencéevel, usually mean sea level

Single date or average value over a period

Care should be taken thabnly measurements from the same time or period and same
hydrostratigraphic unit are used; otherwise misleading results will be obtained
Provide a means of relating the impact of natural and human influences to the
groundwater resource.

Plot precipitation on the secondary axis to provide a visual observation of the
response of the groundwater resource to this event

Abstraction rates can also be helpful when interpreting groundwater hydrographs
due to potential anthropogenic influence on the mvironment.

3.4.5. Data reporting and presentation

The current groundwater monitoring network has a wide range of functionality in terms of
generating data reports including:

Graphical representations of data, comparing several parameters of one monitoring
point for the selected timeframe

Graphical representations of data, comparing several monitoring points fothe
selected parameter forthe selected timeframe

Onetime well construction report

Data input report

Log of user access etc.
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4. Development of the groundwater dashboard
(www.iucn.blobcity.com)

4.1. Process description of the groundwater dashboard
development

Visualizing the groundwater monitoring data and managing it froma web-based portal or
dashboard is valuable and tnely information for stakeholders. Based on the analysis of the
existing groundwater monitoring system described in the previous chapters, the 2030 WRG
team identified a need to develop a groundwater dashboardor a graphical illustration of
groundwater and related data.Moreover, current monitoring wells will be extendedby about
170 new boreholes in 2w m  OT x AOAO - JtetmCdieviel&pAénOpolicyi visigh 2050,
with machine learning applied for predictions. In order to achieve this objectivetwo main
issuesneeded to be addressed

1 The first one was sharing the location of wells. The location of the wellsis currently
not shareableand is kept confidentialaccording to Article 13.1.5.0f the Law onState
and official secrets of Mongolia

To solve this problem, the projectcollaborated with government officials and the Water
Authority, and agreed to shareanonymized data. The coordinates of the location of the
monitoring wells were not shared with the project partners and members. Onlthe time-series
of groundwater datawas anonymizedand codedfor use.

1 Secondly the project could not beimplemented for all 273 wells at the national level
due to legal issues and data availabilityAs such priority basins for the dashboard and
prediction analysisneeded tobe selected.

Through agreement with the Water Authority, the project selected tw regions, namelyTuul
river basin and SouthGobi region.

A new dashboardwas developedby 2030 WRG with the support ofBlobGty Inc. for the

groundwater monitoring of Mongolia. The first step was building the data management
concept to a new dashboard based oa review of the current groundwater monitoring

network. The next step was to @sign and develop the dashboardvith five sections including
(1) Sinde well analysis, (2) Single well deep dive,(3) Multiple well analysis, (4) Anomaly
detection and(5) Prediction.

The next stepwasto upload groundwater metrics to the dashboard A total of 44 wellsGmetrics
were taken from the monitoring network www. groundwater.mn. The selected metric®f data
recorded on the monitoring wellsincluded: groundwater pressure, temperature conductivity
and pH.In addition, dimate metrics like air temperature, precipitation andwind speed from
the closest stationwere gathered. All datafor period from 2014 to 2019 is covered and
uploaded to the dashboardUsers can see the plot®f groundwater metrics for the selected
time duration.
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The final stage of the project developed prediction model using machinelearning techniques
for predictions of the groundwater level on the dashboard.

4.2. Statistical methods and disruptive technology used for the

dashboard
4.2.1. Anomaly detection

The dashboard involved new innovative functions. Due tothe lack of data evaluation and
erroneousdata records observed in the current groundwatenetwork, anomaly detectiorwas
critical to correct the dataentries. 2030 WRG identified gtistical methods to identify sudden
changes in groundwater levelswhich could be categorized as anomalous readings. These
anomalies could be due to incorrect dataapture by meters or due to actual sudden changes in
water levels that deviate from the general trendThe key approaches adopted included:

A Exploratory data analysis(EDA): The first step is to develop a deep understanding of
the available data using an EDA. The analysisovides an understanding of data
availability of all wells for different time periods, and allows for observing trends and
seasonal patterns that the data might or might not follow.

A Statistical techniques Two statistical methods of time series models were used to
detect anomalies such a80 Day-Moving Averages (MAjand 7 DayWeighted Moving
Average. Moreover, three limits were determined using Standard deviations from
those moving averages liket1.5SD, +1.75SDand +2 SD Figure 10).
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Figure 10. Anomaly detection

If there is an anomaly detected in the datdhe raw data requires checking forunderstanding
the underlying rationale for the shift.

4.2.2. Method s of prediction analysis
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The groundwater level prediction was conducted in two waysSpecfically, time series models

of the groundwater level and independent variables for the prediction modetere widely used

to train the systemfor groundwater level predictions. Time series models typically includéR
(Auto Regressive), ARMA (Auto Regressive Moving Average), ARIMA (Auto Regressive
Integrated Moving Average) and SARIMA (Seasonal Auto Regressive Integrated Mgvi
Average) Developinggroundwater data using Al for predictive analysis is essentialt is easier

to train the system than to program the system manuallyith recent trends in ML and Al
(Jordan and Mitchell, 2015)In order to develop groundwater level predictions, the following
steps were implemented(Gupta 2021).

Step 1: Exploratory data analysis

To develop a deep understanding of the available data, an EDA (Exploratory Data Analysis)
was done. This meant getting an understanding of data availability and checking any trend or
seasonal patterns.

Step 2: Locking analysis metrics
To begin predictive analysis, two sets of water level predictiongere made. The first setwas
an Evaluation Forecast, with the main purpose of showcasing accuracy of giredictions made.
The time periods identified were:
1 Training Data (Time period to lean from): 54 months (Jan 2015 to Jun 2019)
I Testing Data (Time period to forecast for and compare against): 12 months (Jul 2019
to Jun 2020)

The second setvasa OneStep Ahead Forecast, with the purpose of churning predictions for a
time period with no actual data available. The time periods identified for this set were:

I Training Data (Time period to learn from): 66 months (Jan 2015 to Jun 2020)

I Time Period of Forecast: 11 months (Jul 2020 to May 2021)

Statistical modeling techniques used for th@rediction analysisincluded:
9 Linear regression(to understand important variables againstthe one beingtested)
1 SeasonaARIMAX(to predict additional variables: runoff and abstraction)
1 Random Forest Regression (to predict groundwater level whilausing additional
variables/features)

For the programming language, Python on Jupyter Notebooks (using BlobCity Al Cloud) was
used toimplement the forecasting exercise

Step 3: Feature engineering

Featureengineering is a very important part of any prediction exercise. It typically represents
2 primary actions, which are:(1) Transforming existing variables to a format that the machine
learning model can understand, and(2) Creating new variables/features ugng domain
knowledge to include into the prediction exercise, to help the machine learning model better
capture the changes in the main/target variable.

Step 4: Prediction of external variables (runoff and abstraction)
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Before the water level could be prdicted, the external variables with less data had to be
predicted. This is because these external variables will become an input to the main prediction
exercise conducted for water level predictionsThese predictions were done using SARIMAX
(Seasonal AutoRegressive Integrated Moving Averag@swhich is a very strong timeseries
modelling technique with a focus on capturing seasonal trends in data and extrapolating the
same very effectively on future predictions

Step 5: Predictions of groundwater level

Eight model iterations were executed tcensure that the best results were generated. Linear
Regression was performed to understand variable importance, whereas multiple iterations of
Random Forest Regression were performed using different model parameteralong with
training and testing data spits, all with a focus on increased accuracy and reduced error %
from the last iteration.

Step 6: Model evaluation

Model evaluation was tested using two metrics including R(R squared) and MAPE (Mean

Absolute Percentage Error).This measure is the average of the percentage errors. Being a
percentage error, it is a relatively simple but intuitive metric to trackR2 (R squared) Put

simply, this metric denotes how muchchange of the main/target variable (water level in our

case) is explained by the additional variables provided. This is also a percentage error and,

similar to MAPE, is a simple and intuitive metric to trackTwo of these metrics used together
areveryefARAOEOA ET AOAI OAOCET C A 1T AAIT 80 PAOA Of AT A,
low values of these metrics.

4.2.3. Performance of the predictive analysis

To predict groundwater levels, 12 wells datawas selected for the model developmenbased

on consistercy andthe length of thedataset.Another criterionwasOE A C1 O Adedisioh1 08 O
on the basinto be selectedor the predictive analysis. hese wellswere located in the 2050 m

zone from the ground surface in the wellfields of the Tuul river bas.

Theindependent variablesof the groundwater level were air temperature, precipitation, river
runoff and abstraction. Therecords of the periodsof the datasets was different for each data.
For instance, groundwater level datawas available between Jan 2015 to Jun 2020air
temperature and precipitation data were available forJan2015 to Dec 2020, runoff datawas
coveredfor Jan 2015 to Dec 2019 and abstraction data was recorded until end2ff20 (Figure
11). The challenging part was tosecure data for the same time period and frequencipr all
metrics for each well. To overcome this the team used lapse rats of temperature and
precipitation from the closestmeteorological stations around the wells based on the elevation.
There were three stations located in the basin andir temperature and precipitation lapse rate
was-0.6°C/100 m and 19mm /100 m, respectively.
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Figure 11. Data consistency of the groundwater prediction analysis

The prediction model was successfully applied to completeecords of the measured
groundwater level between 20152020 for 12 wells in the Tuul river basin.For the model,
MAPE rangel between 0.525.71% and values of the Rwere between 0.670.98 (Table6).

Table 6. Accuracy of the results of the groundwater level prediction model

Well number MAPE, % R2
5 3.45 0.92
12 1.37 0.91
13 0.65 0.96
16 2.30 0.67
19 1.61 0.69
20 0.52 0.98
22 2.38 0.92
30 3.60 0.71
33 5.38 0.89
39 5.71 0.87
41 4,55 0.70
43 4,78 0.90

The predictorso leading periods define the prediction duration. NANEM forecast air
temperature and precipitation seasonally until May 2021. Thereforethe prediction was
undertaken until May 2021. The training periods of the prediction was from Jan 2015 to Jun
2020 and forecasting period between July 2020 to May 202Figure 12).

33



Digital Water Platform: Development of groundwater monitoring portal using disruptive technology

350

Actual value Predicted value
300

250 J
LT P

200

Groundwater leveh P&

150

100
ﬁ?\% %& %QN% @\‘o %QN(O %“Nb ﬁ?{\ %4\ @{\ '»\% a® > %N% %NO) %@ %Nq %q’Q %q’g a® > %%N %@}
N AERAVEF\ VPN AEPANGEF\ WS WP M-\ VTN AP A M\ M WA WA W AN\ VN AN
Date, month/year

270
12

250 Actual value Predicted value

Groundwater leveh P~

230

210
190 \\//\//\\\\v LI \\\//\ ~<_~

170

150
IR SN N S T P N N T N S N IO SR T U A
KU R PGSRV CRPE U R U VI CHIR P GV CHL R R VIR

Date, month/ year

170

165 13

Actual value Predicted value

AVAVAVAVS

140

Groundwater level, kPa

135
130

125
R N R S T S S N S R N S R IO SR T A A
UGG c,\(b q\“ RUIPCIRCHR G CIIRCIR G c,\” USRI RV GG

Date, month/year

34



Digital Water Platform: Development of groundwater monitoring portal using disruptive technology

240
220 16 Actual value Predicted value
g 7~ N - ~ N\ - \\ -
= 200 ‘ [ X \ \
o / / y \
2 180
g
g 160 _j
xe)
5
o 140
G
120
100
G5 b o b b b A A A R R R O O O D S S NN
TS
\\ c)\ o,\ \\ 63\ q\ x\ c)\ o,\ \\ 63\ q\ x\ c)\ o,\ \\ 63\ q\ x\ c)\
Date, month/year
240
230 19 i
Actual value Predicted value
s 220
o
'S 210
3
2 200
g P )
€ 190 , I e AN
E | / | / \/
S 180 |
< \Y4 \
O 170
160
150
R I R N R T T T S SR SR S-SR S S X NN
TS
N AERALEEF\ VAN AP LA (RN AP R A LA AP A NP\ RN MPA RSP A RN WP ANGEFA RPN NP
Date, month/year
200
20
190 Actual value Predicted value
- — AN
< \ /\ \ N\ / \
'S 180 ‘ ‘
E) \ ‘ { \ I ‘//
o}
S \/
e
5 160
o
G}
150
140
R R N R R T T S SR SR S-SR S R K NN
TS S
N AERALEEFA VAN AP LA VRN AP A R A LA AP AN\ RN MOPA RS A RN LA\ RPN NPAN

Date, month/year

35































































