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Monthly Progress Reportfor the State of MIZORAM for March 2021 

(As per revised format) 

 

(in compliance to NGT order dated 24.09.2020 in the matter of OA No. 673 of 2018) 

 

Overall status of the State: 

I. Total Population: Urban Population & Rural Population (as per 2011 census).  

Urban & Rural Popullation 2011 Projected population in 

2021 

Urban Population 525435 638722 

Rural Population 571771 632013 

 Total                                                                        1097206 1270735 
 

II. Estimated Sewage Generation (MLD) as per projected population for 2021: 

Urban  68 MLD 

Rural  (692 villages) 36 MLD 

Total 104 MLD 

 

Note: The Sewage Generations are arrived taking into consideration the water supply at 70 

lpcd and 135 lpcd in rural and urban respectively. 

III. Details of Sewage Treatment Plant: 

 Existing no. of STPs and Treatment Capacity (in MLD): 

- 1 STP in Aizawl with a capacity of 10 MLD operational from 6th Feb , 2021 

 Capacity Utilization of existing STPs: 

-    0.094 MLD 

 MLD of sewage being treated through Alternate technology:  

- 0.578 MLD (Bio Digester etc.) by PHED 

-  0.119 MLD Bio Digester constructed by SIPMIU  

 Gap in Treatment Capacity in MLD: 

- 104 MLD – 10.697 MLD = 93.303 MLD 

 (Counting the operation of 10 MLD at hand) 

 

 No. of Operational STPs: 

- 1 

 No. of Complying STPs: 

- 1 

 No. of Non-complying STPs: 

- Nil 
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Details of each existing STP in the State 

No. Location Existing STP 

Capacity 

Capacity Being 

Utilized 

Operational Status  

of STP 

Compliance 

Status of STP 

1. 

Bethlehem 

Vengthang, 

Aizawl 

(10 MLD) 
0.094 MLD 

 

(Operation has 

started on 6th 

February, 2021) 

Consent to 

Operate for STP 

obtained from 

the Mizoram 

Pollution 

Control Board 

(MPCB). Online 

Continuous 

Effluent 

Monitoring 

System 

(OCEMS) 

installed as per 

the specific 

conditions of the 

CTO. 

Calibration of 

equipment is 

under process. 

Samples are 

tested manually 

in the laboratory, 

the result of 

which will be 

compiled. 

 

Details of under construction STPs in the State 

No. Location Capacity of the 

plant in MLD 

Physical 

Progress in 

% 

Status of I&D or 

House sewer 

connections 

Completion 

Timeline 

1. 

Bethlehem 

Vengthang, 

Aizawl 

10 MLD 

Sewerage 

network – 

75.25% 

3074registered 

Households 

Although STP 

has started 

operation, 

additional 

network 

connection is 

still ongoing to 

utilize the full 

capacity of the 

STP. 
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Details of proposed STPs in the State 

No. Location Capacity of 

the STP 

proposed in 

MLD 

Status of Project (at DPR Stage/ 

Under Tendering/ Work to be 

Awarded) 

Likely Date of 

Completion 

1.   

 Action Plan for 100% 

sewage treatment Including 

recycle and reuse of treated 

waste water was submitted to 

the State Govt., will be 

implemented after due 

approval and instruction from 

the State Govt. 

 Seeing the scope of much 

needed urban infrastructure 

((Urban Water/Solid Waste 

Management/Drainage/ 

Urban Roads/ Sewerage) for 

Tier–II cities and towns, the 

State Government had 

formulated and submitted a 

Preliminary Project Proposal 

Report (PPR) to the Central 

Ministry, MoHUA for 

NERUDP type financing 

scheme. 

 State Investment Program 

Management & 

Implementation Unit 

(SIPMIU), UD&PA, is also 

entrusted to prepare action 

plan for the pilot Pey Jal 

Survekshan under Jal Jeevan 

Mission (JJM) recently 

launched in selected cities 

with an objective to ascertain 

the equitable distribution of 

water, reuse of waste water 

and mapping of water bodies 

with respect to quantity and 

quality of water through a 

challenging process. 

Anticipating the launch of 

JJM for Mizoram, concept 

note Preliminary Report will 

be prepared for additional 
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Sewerage system and septage 

management in Aizawl and 

other notified urban towns 

for a wider coverage of waste 

water treatment and to ensure 

100% treatment of sewage. 

 

 

 

IV. Details of Industrial Pollution: 

 No. of industries in the State: 

- 735units 

 No. of water polluting industries in the State: 

- 56 units(Status of the industry and the functioning of ETP  is enclosed at Annexure-I) 

 Quantity of effluent generated from the industries in MLD: 

- 0.04384 MLD  

 Quantity of Hazardous Sludge generated from the Industries in TPD: 

-  Nil 

 Number of industrial units having ETPs: 

- 56units 

 Number of industrial units connected to CETP: 

- Nil ( No CETP exists)  

 Number and total capacity of ETPs (details of existing/ under construction / proposed) 

- 56 units with total capacity of  0.099 MLD 

 Compliance status of the ETPs: 

- ETPs are functional and effluents are found to be complied with standards.  

 Number and total capacity of CETPs (details of existing/ under construction / proposed) :  

- Nil (No CETP exists) 

 Status of compliance and operation of the CETPs: No CETP exists 

Town No. of 

industries 

Industrial 

discharge 

Status of ETPs Status of CETPs 

(existing, under 

construction & 

proposed) 

N/A 
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V. Solid Waste Management: 

 Total number of Urban Local Bodies and their Population: 

- Only 1 notified ULB in Mizoram i.e Aizawl Municipal Corporation  

- Population: 293,416 as per 2011 census 

- 22 Urban Towns with Population:278,355 as per 2011 census 

 

 Current Municipal Solid Waste Generation:  

- 348.19 TPD (23 Urban towns) 

 Number, installed capacity and utilization of existing MSW processing facilities in TPD 

(bifurcated by type of processing eg- Waste to Energy (Tonnage and Power Output), 

Compost Plants (Windrow, Vermi, decentralized pit composting), biomethanation, MRF 

etc:  

- Landfill : 44TPD & Material Recovery Facility 74 TPD (Aizawl city) 

- Composting:  

i. Aizawl city: a) Vermi-composting plant – 22 TPD  

b) Mechanical Composting Plant – 50 TPD  

 ii. Lunglei Town:  Vermi-composting Plant – 45 TPD is under cosntruction 

ii. KolasibTown: Vermi-composting Plant of - 20 TPD  is under construction. 

iii. Champhai Town: Vermi-composting Plant of - 25 TPD  is under construction 

iv. Remaining 19  Urban towns: Vermi-composting Plant - 0.5TPD each are operational 

v. DPR for Land Development for Solid Waste Management Centre for 5 (Five) 

remaining towns  have been approved and Administrative Approval& Expenditure 

Sanction amounting to Rs 60.00 Lakhs each have been received from the state 

Government.  

vi. Out of the 23 Urban towns, only 4 (Four) Urban Towns have SWM Center under 

implementation stage. Therefore, Concept Note have been submitted to various 

Ministries/Agencies for consideration under the following schemes such as   

1. NLCPR, 2. NEC, 3. NITI Ayog etc for remaining 19 Urban Towns.  

 

- Action plan to bridge gap between Installed Capacity and Current Utilization of 

processing facilities (if Gap > 20%):  

 Solid Waste Management Center at Tuirial, Aizawl started functioning since 12th 

December, 2019 which caters a total of 214 TPD including 44 TPD capacity 

Landfill, 74 TPD capacity Material Recovery Facility, 50 TPD Mechanical 

Composting Plant  and 46 TPD Vermicomposting Plant. 

 In order the bridge gap of Solid Waste Management at Urban Towns, UD&PA 

Department have prepared and submitted Concept Note as well as Detailed 
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Project Report to various Ministries/Agencies for consideration under the 

following schemes such as  1. NLCPR, 2. NEC, 3. NITI Ayog etc  

 No. and capacity of C&D waste processing plants in TPD (existing, proposed and under 

construction): 

- Nil 

 Total no. of wards, no. of wards having door to door collection service, no. of wards 

practicing segregation at source:  

- No. of wards in Aizawl city: 19 

- No. of wards having door to door collection service: 19 

- No. of wards practicing segregation at source: 19 

 Details of MSW treatment facilities proposed and under construction (no., capacity, and 

technology):  

- In addition to one existing MSW treatment facility at Tuirial (Eastern part of Aizawl 

city), 3 more sites have been identified for closing the gap in waste management at the 

following locations for which concept paper preparation is under process: 

i) Hualngo Hmun (southern part of  Aizawl city) 

ii) Sihphir Neihbawih (Nothern part of the Aizawl city) 

iii) Luangmual (Eastern part of Aizawl City) 

 The Status of ongoing and pipeline SWM Projects in Mizoram Urban Areas are: 

Sl. 

No 

Name of city 

/Town 

2020 

Population 

Projected 

Projected 

SW 

Generation 

Per/capita/ 

Day(TPD) 

Plant Capacity 

 

 

 

Funding 

 

Project 

Amount 

 

 

Status Existing 

TPD 

Pipeline 

TPD 

1 Aizawl 343619 178.68 190  ADB 34 Cr. 
(Approx) 

Functioning 
since 12th 

December,2019 

2 Lunglei 66766 34.72 0.0 45 NLCPR 
(MoDONER) 

600 
Lakhs 

Under 
construction 
1stInstalment 
pending with 
the ministry) 

3 Champhai 38335 19.93 0.0 25 SBM (U) 
(MoHUA) 

667 
Lakhs 

Under 
construction 
(90%Physical 
Progress 
completed) 

4 Kolasib 28425 14.78 0.0 20 NEDP 2018-
2019 

(State Fund) 

400 
Lakhs 

Under 
construction 
(90%physical 

progress 
completed) 

5 Serchhip 24778 12.88 0.5 20 Rs.60 Lakhs 
each for 

Land 
Development 

Rs. 60 
Lakhs 

Budget 
Allocation 
Received and 
Sanctioned 

6 Mamit 9233 4.80 0.5 15 Rs.60 
Lakhs 
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7 Saitual 13607 7.08 0.5 15 have been 
received 

under special 
Assistance 

under Capital 
Expenditure 

Free Loan 

Rs.60 
Lakhs 

order 
awaited 

8 Khawzawl 12908 6.71 0.5 15 Rs.60 
Lakhs 

9 Hnahthial 8417 4.38 0.5 15 Rs.60 
Lakhs 

10. Siaha 29406 15.29 0.5 20 

11 Lawngtlai 24394 12.68 0.5 20  
 

 
 

Concept 
Note 

Submitted to 
NEC, 

NESIDS, 
NITI Aayog 

Etc for Solid 
Waste 

Management 
Centre 

 Existing 
facilities for 

Wet waste 
(vermin 
composting) 
and Dry Waste 
(WasteResource 
Management 
Centre) has 
been in placed 

in all urban 
towns. 
Response 
awaited from 
Government of 
India 

12 Zawlnuam 4372 2.27 0.5 10  

13 
 

Vairengte 
 

12360 
 

6.43 0.5 
 

10 
 

 

14 Lengpui 3844 2.00 0.5 10  

15 N.Kawnpui 9055 4.71 0.5 10  

16 Thenzawl 8501 4.42 0.5 10  

17 Sairang 6968 3.62 0.5 10  

18 Tlabung 5333 2.77 0.5 10  

19 Bairabi 5059 2.63 0.5 10  

20 Darlawn 4414 2.30 0.5 10  

21 N.Vanlaiphai 4218 2.19 0.5 10  

22 Khawhai 2923 1.52 0.5 10  

23 Biate 2667 1.39 0.5 10  

 

 No. and area (in acres) of uncontrolled garbage dumpsites and Sanitary Landfills:  

- One at Tuirial Dumping Ground having approximately 487 sq.m. It has been closed 

recently since 1stNovember 2020 following the commissioning of the newly constructed 

Waste Management Centre at Tuirial.  

 No. and area (in acres) of legacy waste within 1km buffer of both side of the rivers: 

-  Nil 

 No. of drains falling into rivers and no. of drains having floating racks/screens installed to 

prevent solid waste from falling into the rivers:  

- Nil 

 

VI. Bio-medical Waste Management: 

 Total Bio-medical generation: 

- 936.37 kg/ day 

 No. of Hospitals and Health Care Facilities: 

- 68 (Bedded Hospitals & Nursing Home)&144 (Non-bedded) 

 Status of Treatment Facility/ CBMWTF 

- No CBMWTF  yet in Mizoram. However, Govt. of Mizoram has prepared proposal for 

setting up of CBMWTF for Mizoram and submitted to Central Pollution Control Board 

for funding.  

- At present,for treatment of BMW in Mizoram, captive biomedical treatment and 

disposal is in practice as of now. 
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VII. Hazardous Waste Management: 

 Total Hazardous Waste generation 

- 20.374 MTA (As per revision of Annual Inventory report 2019-2020) 

 No. of Industries generating Hazardous waste 

-  40 (most of them are automobile repairing units of small scale) 

 Treatment Capacity of all TSDFs: 

- No TSDF exists at present.  

 Avg. Quantity of Hazardous waste reaching the TSDFs and Treated: 

- N/A 

 Details of on-going or proposed TSDF:  

- Suitable Site at Industrial Growth Centre, Luangmual, Aizawl has been identified by the 

State Govt. for setting up common TSDF. The Commerce and Industries department is 

in search of consultancy firm for setting up of the common TSDF but is held back due to 

non-availability of empanelled firm in the state. The problem has been conveyed to the 

higher authority. 

 

VIII. Plastic Waste Management: 

 Total Plastic Waste generation: 

- 7905.5 TPA (Municipal Corporation) & 3.1 TPA (Urban and Rural areas) 

 Treatment/ Measures adopted for reduction or management of plastic waste: 

- The Plastic Wastes Management Bye-laws, 20 I 9, prepared by Aizawl Municipal 

Corporation(AMC) was notified vide Mizoram Gazette Notification No M.12011 

/6/2014-AMC Dt 16.07.2019. 

- AMC  has imposed complete ban on plastic carry bags below 50 micron within its 

jurisdiction  with effect from 1st August 2019. 

- The State Govt.has imposed ban on distribution or placing of packaged drinking water 

made of plastic in all official meetings or conferences or gathering w.e.f 20th May 2019.  

- The AMC has initiated of segregation of wastes at source and has set up Plastic waste 

Collection Centre at Riangvai Thlanmual, Zemabawk, Aizawl. 

- As per initiatives taken by Mizoram Pollution Control Board,  Public Works Department 

has initiated a program for utilization of plastic wastes in road construction following 

the  ‘Guidelines for utilization of plastic wastes’  and has recently constructed 800 m 

long of road using plastics at Reiek, Mamit district. 

- Extensive Awareness campaigns were launched in beating plastic pollution to schools 

and colleges by MPCB. As as result, the state now has 126 schools and 11 colleges 

declared as “Plastic Free” institutions. 
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IX. Details of Alternate Treatment Technology being adopted by the State/UT: 

- 

X. Identification of polluting sources including drains contributing to river pollution 

and action as per NGT order on insitu treatment: 

- Water quality of the polluted drains has been regularly monitored by Mizoram Pollution 

Control Board on quarterly basis.  

 

 

XI. Details of Nodal Officer appointed by Chief Secretary in the State/UT: 

- Mr. Lalrotluanga, Chief Engineer, Irrigation &Water Resources Department, Govt. of 

Mizoram Vide Notification No.A.46012/1/2019-GAD Dt.27.02.2020 

 

XII. Details of meetings carried under the Chairmanship Chief of Secretary in the 

State/UT: 

- State Level Monitoring Committee has been constituted under the Chairmanship of 

Chief Secretary, Govt. of Mizoram notified vide letter No.C.18013/2/2020-I&WR/243 

dt. 21.07.2020. The Committee comprises of the following members: 

1. Chief Secretary                             Chairman 

2. Principal Secy./Secy., EF&CC      Member  

3. Secy., PHED                                 Member 

4. Secy., LRS&WCD                        Member 

5. Secy., UD&PA                              Member 

6. Commissioner, AMC                    Member 

7. Chairman, MPCB                         Member 

8. Secy., I&WRD                              Member Secy. 

 

- Review meeting under the Chairmanship of Chief Secretary, Govt. of Mizoram with 

Secretaries of the concerned departments to oversee implementation status of the Action 

Plan in the matter of the orders of the Hon’ble NGT in O.A No.673/2018 was held on 

2nd February 2021.  

XIII. Latest water quality of polluted river, its tributaries, drains with flow details and 

ground water quality in the catchment of polluted river: 

- Latest water quality of the 9 polluted rivers for the month of March 2021 is at 

Annexure-I. 
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- Water quality of drains/tributaries for the last quarter i.e January 2021 to March 2021is 

at Annexure-II. Monitoring of drains/tributaries is being carried out for April to July 

2021 Quarter 

XIV. Ground water regulation: 

- In Mizoram, surface water serves as the main sources of water for drinking, domestic 

and industrial purposes. Ground water extraction is insignificant in Mizoram and the 

State Govt. has no separate notified Ground water regulations, however, regulations 

issued by Central Ground Water Authority has been followed in the state. 

 

 

XV. Good irrigation practices being adopted by the State: 

- Although e-flow is not yet assessed, discharge of streams/rivers are never fully diverted 

for irrigation purposes. 

 

- Guidelines for 'Environment Health & Social Safety' is incorporated in the Dept's 

Construction Manual which is expected to be approved within a month. 

 

XVI. Rain Water Harvesting: 

- State Govt. has framed Rain Water Harvesting Policy for the state of Mizoram which is 

expected to be notified soon. 

- Various stakeholder departments such as, PHE, Rural Development, PWD, AMC have 

taken up schemes for implementing construction of rainwater harvesting structures in 

the state. 

- AMC has mandated provision of rainwater harvesting facility and discharge of rainwater 

in AMC Building Regulation, 2012 No 5(6) and No.32. 

- For rejuvenation of polluted rivers, construction of rainwater harvesting structures have 

been proposed to be constructed in the river catchment areas for which concerned 

department, PHED has initiated actions.  

 

XVII. Demarcation of Floodplain and removal of illegal encroachments:  

- Not relevant for the state as Mizoram is a hilly region and has no floodplain zone. 

 

XVIII. Maintaining minimum e-flow of river: 

For assessment of e-flow of the rivers, actions have been initiated as briefed below: 

- Regression modelswere developed for all parameter using a forward stepwise-regression 

considering non-transformed and log-transformed data. Leave-one-out cross validation 

was utilized as the basic criteria for selecting the best performing models.The results 

showed that the log-transformed models outperformed the non-transformed ones. For 
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high flows (q5), it was observed that precipitation (PREC), potential evapotranspiration 

(ETpot), drainage density(D), catchment area (A) and percent of Scurbland (LST) area are 

the explanatory variables. For median flow (q50), precipitation (PREC), minimum 

elevation (H-), potential evapotranspiration (ETpot),catchment area (A)andpercent of 

Scurbland (LST)were observed as the dominant explanatory variables. For low flows 

(q90) prediction,precipitation (PREC),drainage density(D), mean elevation (Hm), 

potential evapotranspiration (ETpot), percent of forest dense (LFD), catchment area (A) 

and percent of Scurbland (LST) appears in the stepwise model. And for low flows i.e., e-

flows (q95), precipitation (PREC), drainage density(D), mean elevation (Hm), potential 

evapotranspiration (ETpot), percent of forest dense (LFD), catchment area (A) and percent 

of Scurbland (LST) are the dominant explanatory variables. The identified most 

substantial variables for the regionalization of FDCslp are mean elevation (Hm), 

precipitation (PREC), drainage density (D), catchment perimeter (Cp), catchment area 

(A)and potential evapotranspiration (ETpot). 

 

Detail report on the assessment of e-flows for nine polluted in Mizoram is enclosed at 

Annexure-III. 

 

XIX. Plantation activities along the rivers: 

- Environment, Forests and Climate Change Department has been taking up plantation 

drives in the catchment areas of the polluted rivers with a targeted area of 595.5 Ha out 

of which about 186.8 Ha has been already covered.  

 

XX. Development of biodiversity park: 

- Some of the rivers already have Riverine Reserved Forests of about 800 metres on either 

side of the river banks which are well protected. As such, a separate biodiversity park 

was not proposed for rejuvenation of the polluted rivers, instead plantation drives have 

been undertaken in the catchment area of the polluted rivers.  

 

XXI. Reuse of Treated Water: 

The treated sewage water shall be utilized as per the action plan such as agriculture, 

irrigation/horticulture, and industrial re-use, construction activities, fire tender and urban 

reuse when the STP is fully operation.  

XXII. Model River being adopted by the State & Action Proposed for achieving the 

bathing quality standards: 

- Review meeting under the Chairmanship of Chief Secretary, Govt. of Mizoram with 

Secretaries of the concerned departments held on 2nd February 2021 identified Chite 

stream as a model polluted river in Mizoram. A meeting to discuss preparation of Action 
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Plan for Polluted River was held on 30th March 2021 and the meeting decided to 

complete preparation of the action plan on urgent basis and follow up action be carried 

out vigorously by the stakeholders.    

 

XXIII. Status of Preparation of Action Plan by the 13 Coastal States: 

- Not applicable to the state of Mizoram as Mizoram is a landlocked state and has no 

coastal areas.  

XXIV. Regulation of Mining Activities in the State/UT: 

- In Mizoram, there are no major mining activities yet. Most of the mining activities are 

that of minor mineral mining such as sandstone ( stone quarry) and sand mining (sand 

extraction from river beds)  

- Mining activities are strictly regulated in the state under The Mizoram Minor Minerals 

Consession Rules, 2000, notified by the State Govt. on 20.09.2005 as per the provisions 

of Section 15 (i) of the The Mines and Minerals (Development and Regulation) Act, 

1957. 

- Apart from the above Rules, provisions under Central Act and Rules such as, The 

Explosive Rules, 2008 and The Mines Act, 1952 are effectively followed.  

 

XXV. Action against identified polluters, law violators and officers responsible for failure 

for vigorous monitoring: 

- Actions have been taken and fines imposed from time to time against the identified 

polluters, law violators in the past. However, during the reporting months, there is no 

such action taken. 

  



Water Quality Data of 9 (NINE) Polluted River 

stretches in Mizoram 

(OA - No. 673 of 2018)

MIZORAM STATE POLLUTION CONTROL BOARD

MARCH
2021



Sampling Date
Sampling 

Time

Used 
Based 
Class

Major 

Polluting 

Sources

Visibility 
Effluent 

Discharge

Use of water in Down Stream (irrigation, 

industrial, domestic, drinking water 

source, organised water source, 

cultivation, fishing, bathing ghat, others)

Weather
Depth of Water 

Body (m)

Human activities (Bathing, Washing, 

Cultivation, Fishing, Boating, 

Gardening, Tourist spot, cattle 

wedding, others)

Floating 

matter
Colour Odour Flow (m/s)

Longitude Latitude Elevation 1 2 3 4 5 6 7 8 9 10 11 12 13

1 3756 Tiau River

Near Boundary Tiau Bridge,  

Zokhawthar Village, 

Champhai District, Mizoram

93023′31.0″E 23021′42.8″N 720m

18-03-2021 10.20 Domestic Clear 0.2 Washing Clear Odour free 3.8

3709 Tlawng River, Sairang
Sairang Village, 

Aizawl District, Mizoram
92039′10″E 23048′49″N 80m

08-03-2021 1.00 Agriculture Clear 1  Sand collection Clear Odour free 0.4

3734
Tlawng River, 

Upper Stream, Lunglei

Near Tlawng Bridge, Mausen Village, 

Lunglei District, Mizoram
92049′15.0″E 22051′21.2″N 1080m

18-03-2021 9.50 Agriculture Washing, Bathing Clear 0.2 Washjing, Domestic Purpose Clear Odour free 0.2

3736
Tlawng River, 

Pialthleng, Zotlang, Lunglei

Near P.H.E Water Treatment Plant, 

Zotlang, Lunglei Distirct, Mizoram
92045′45.7″E 22056′53.5″N 800m

18-03-2021 12.45 Agriculture Drinking Water Source Clear 3 Fishing Clear Odour free 0.1

3754
Tlawng River, 

Downstream,Bairabi

Bairabi Village, Kolasib District, Mizoram 92032′14.3″E 24010′44.7″N 40m

09-03-2021 2.30 Agriculture Clear 1.6 Fishing Yellow Odour free 0.3

3 3757 Tuipui River
Near P.H.E Treatment Plant, 

Champhai District, Mizoram
93016′27″E 23030′18.8″N 800m

18-03-2021 11.30 Agriculture Drinking Water Source Clear 1.1 Clear Odour free 0.3

4 3720 Tuivawl River

Near Tuivawl Bridge, 

Seling Village, 

Aizawl District, Mizoram

9302′6″E 23038′31″N 500m

17-03-2021 1.45 Agriculture Clear 0.1 Washing & Bathing Clear Odour free 0.3

5 3718 Chite River
Near Mini Sports Complex, 

Armed Veng, Aizawl, Mizoram
92044′17.5″E 23043′59.2″N 680m

01-03-2021 11.45 Domestic Clear 0.2 Pale yellow Odour free 0.3

6 3735 Mat River
Near Mat Bridge,  

Dawn Village, Lunglei District, Mizoram
92052′19.7″E 22053′58.4″N 380m

18-03-2021 7.20 Agriculture Washing, Domestic Purpose Clear 1.2 Plantation, Gardening Clear Odour free 0.5

7 3740 Saikah stream
Saikah Village,

Lawngtlai, Mizoram
92053′40.1″E 22027′21.3″N 800m

17-03-2021 11.00 Domestic Drinking Water Source Clear 0.2 Clear Odour free 0.1

8 3712 Tuikual Stream
Near PHE Water Treatment Plant, 

Reiek Kai, Aizawl District, Mizoram
92039′46″E 23042′57″N 270m

15-03-2021 12.55 Domestic Clear 2 Pale yellow Odour free 0.5

2052 Tuirial U/s, Aizawl
Tuirial Village, 

upstream of  Tuirial Bridge
92047′58.25″E 23043′8.99″N 187m

02-03-2021 12.10 Agriculture Clear 1.5 Fishing Pale yellow Odour free 0.5

2053 Tuirial L/s Aizawl
Turial Village, 

downstream of  Tuirial Bridge
92047′57.92″E 23043′5.22″N 185m

02-03-2021 12.30 Agriculture Clear 2 Fishing Cear Odour free 0.3
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DETAILS OF POLLUTED LOCATIONS & RESULTS OF FIELD PARAMETERS FOR THE MONTH OF MARCH, 2021
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14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33

1 3756 20 4 8.2 270 0.3 0.01 4.2 141.5 15.9 0.334 100 32 4.8 0 0 120 10 0.051

3709 24 11.5 8.4 178 2.4 0.215 35 1100 2 155.7 14.9 8.124 70 16 7.2 1.5 0 100 30 1.397

3734 18 6.8 6.7 494 1.6 0.013 2.1 63.7 5.6 0.486 20 4 2.4 0 0 20 10 0.066

3736 18 7.4 7.2 47 2.4 0.011 2.1 37.7 5.6 0.502 16 0.8 3.4 0 0 20 10 0.096

3754 22 5.1 7.2 203 1 0.045 44.7 125 9.3 0.733 104 32 5.8 1 0 180 70 0.079

3 3757 18 3.5 7.8 119 0.2 0.008 3.8 77.8 5.6 0.471 36 4 6.2 0 0 60 0 0.052

4 3720 20 8.9 8.2 175 1 0.01 3 113.2 4.7 0.452 66 20 3.8 0 0 110 10 0.068

5 3718 21 4.9 6.9 734 2.8 0.582 35 2400 9.2 157 94.4 4.34 190 64 7.2 5.5 2 500 40 0.905

6 3735 19 7.3 5.8 57 0.5 0.011 1.9 37.7 6.5 0.536 8 0.8 1.4 0 0 30 20 0.086

7 3740 20 5.9 7.3 74 1.5 0.032 1.9 43.4 7.8 0.711 54 12.8 5.3 0 0 50 10 0.073

8 3712 20 6.7 8.7 254 1.5 0.033 44 120 5.8 139.2 31.8 0.631 90 27.2 5.3 0 0 210 60 0.096

2052 20 7.5 8 291 2.1 0.021 93 290 7.2 136.8 12.1 0.464 82 24 5.3 2.5 0 210 20 0.109

2053 20 7.6 8 257 2.6 0.019 210 290 4.8 132.1 10.3 0.445 80 24 4.8 2.5 0 220 30 0.075

WATER QUALITY DATA OF 9(NINE) POLLUTED RIVER STRETCHES

FOR THE MONTH OF MARCH, 2021
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Sl.No
Station 

Code

B. CORE PARAMETERS C. GENERAL PARAMETERS



Name of Drains
Sampling 

Date
Sampling 

Time

Used 
Based 
Class

Major 
Polluting 
Sources

Visibility 
Effluent 

Discharge

Use of water in Down 
Stream (irrigation, 

industrial, domestic, 
drinking water source, 
organised water source, 

cultivation, fishing, 
bathing ghat, others)

Weather
Depth of 

Water 
Body (m)

Human activities 
(Bathing, Washing, 
Cultivation, Fishing, 
Boating, Gardening, 
Tourist spot, cattle 
wedding, others)

Floating 
matter

Colour Odour
Flow 
(m/s)

1 2 3                                                                                                                                           5 6 7 8 9 10 11 12 13

1 Tiau River LK KAI 15-01-2021 11.00 Clear N/A Clear Odourless N/A

2 Tlawng River Drain -1 flowing between Pukpui & Zotlang 27-01-2021 11.00 Clear N/A Clear Odourless N/A

Drain -2 flowing between nothern side of Serkawn & Zotlang 27-01-2021 11.45 Bathing Clear N/A Public Water Supply Clear Odourless N/A

Drain -3 flowing between Southern side of Serkawn 27-01-2021 1.30 Clear N/A Bathing, Dwelling, Paddy Field Clear odourless N/A

Dak Lui, Sairang 18-01-2021 12.00 Clear N/A Clear Odourless 0.5

Lawngpu lui 18-01-2021 12.15 Clear N/A Clear Odourless 0.5

Bawng lui 20-01-2021 5.30 Clear 0.43 Clear Odourless N/A

3 Tuipui River Keilungliah Stream
4 Tuivawl River Serlui 20-01-2021 2.45 Clear 0.2 Clear Odourless 0.03

5 Chite Stream Tlak Lui 25-01-2020 2.30 Clear 0.2 Milky Bad Smell 0.3

Bangla Lui 25-01-2021 2.00 Clear 0.2 Greyish Bad Smell 0.3

Luihnai & Darnam Lui 25-01-2021 1.15 Clear 0.2 Pale Yellow Foul Smell 0.3

Sakawrpu lui 25-01-2021 1.30 Clear 0.2 Milky Bad Smell 0.3

6 Mat River Hmawngawn lui,Serchhip 26-01-2021 1.15 Irrigation Clear 0.8Paddy ground, gardening, Fish Pond located near the river Clear Odourless 0.9

7 Saikah Stream

8 Tuikual Lui Chawnpui Lui 19-01-2021 12.00 Clear 0.02 Milky Pungent Smell 0.03

Dinthar Lui 19-01-2021 12.20 Clear 0.02 Blackish Pungent Smell 0.3

Dawrpui Kawr 19-01-2021 11.25 Clear 0.03 Blackish Pungent Smell 0.02

9 Tuirial River Theihai Lui 07-01-2021 12.20 Clear 0.2 Pale Yellow Odourless 0.4

Hmawngkai Lui 07-01-2021 12.00 Clear 0.2 Pale Yellow Odourless 0.5

Lawibual Lui 07-01-2021 11.50 Clear 0.2 Clear Odourless 0.4

ANNEXURE - 4

Polluted Rivers Data With Drains Joining the Polluted locations January, 2021

A. STATIONS DETAILS
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1 Tiau River LK KAI 10 3.9 8 191 0.1 0.014 34 2400 7.8 114.3 12.1 0.733 106 32 6.2 1.5 1 150 10 0.086

Tlawng River Drain -1 flowing between Pukpui & Zotlang 18 7.5 7.3 64 0.5 0.014 53 2400 1.7 20.7 8.4 0.441 34 8 3.4 2 1 50 0 0.056

Drain -2 flowing between nothern side of Serkawn & Zotlang 17 7.2 7.3 108 0.7 0.012 43 2400 1.6 26.9 17.7 0.46 36 11.2 1.9 1.5 0.5 80 0 0.078

Drain -3 flowing between Southern side of Serkawn 17 7.7 7.4 60 0.3 0.012 95 2400 1.5 26.9 11.2 0.551 20 4 2.4 1 0 30 0 0.052

Dak Lui, Sairang 17 6 8.6 443 5.6 0.182 210 2400 4.8 132.2 68.8 4.1 120 40 4.8 2 0.5 90 10 0.251

Lawngpu lui 17 7.5 8.03 208 1.3 0.008 53 2400 3.4 219 4.6 0.422 110 32 7.2 2.5 0.5 50 10 0.049

Bawng lui 27 4 7.97 195 1.8 0.028 43 2400 8.8 115.7 4.6 0.543 90 24 7.2 1.5 0.5 120 20 0.103

3 Tuipui River Keilungliah Stream

4 Tuivawl River Serlui 11 8.2 7.6 355 2.2 0.015 75 2400 5.5 126 12.1 0.369 124 40 5.8 2 0.5 150 10 0.073

5 Chite Stream Tlak Lui 19 4.1 7.29 612 1.8 0.065 29 2400 42.8 272.7 67 6.87 120 40 4.8 5 1.5 350 80 0.515

Bangla Lui 19 4.1 7.6 928 2.5 0.111 1100 2400 67.4 386.4 125.5 8.801 152 48 7.7 7 2 560 70 0.687

Luihnai & Darnam Lui 19 2.3 7.6 821 1.7 0.027 44 2400 58.4 324.4 100.4 7.197 166 56 6.2 6.5 1.5 530 170 0.398

Sakawrpu lui 19 0.9 7.3 956 3.4 0.103 1100 2400 59 371.9 118.1 8.831 158 48 9.1 6.5 2.5 650 70 0.633

6 Mat River Hmawngawn lui,Serchhip 16 6.2 6.9 196 3.2 0.014 75 2400 1.6 107.4 19.5 0.361 92 24 7.7 1 0.5 120 0 0.055

7 Saikah Stream

8 Tuikual Lui Chawnpui Lui 18 0.4 7.9 949 5.2 0.306 1100 2400 100 338.8 132.1 10.83 130 40 7.2 2 0.5 1560 380 1.025

Dinthar Lui 18 0.9 7.6 825 7.3 0.29 1100 2400 101.6 338.8 103.2 9.705 168 56 6.7 2.5 0.5 750 100 0.651

Dawrpui Kawr 18 2.8 7.7 121 4.8 0.259 1100 2400 100 483.5 139.5 11.17 114 32 8.2 2.5 0.5 790 100 0.984

9 Tuirial River Theihai Lui 19 4.1 7.54 672 3.6 0.084 210 2400 100 295.5 93 6.893 206 72 6.2 1 0.5 410 250 0.358

Hmawngkai Lui 18 4.9 7.7 692 5.7 0.215 20 2400 12.6 291.3 81.8 5.662 188 64 64 1 0.5 350 30 0.207

Lawibual Lui 20 5.9 8.27 501 4 0.015 290 2400 2.3 109.5 72.5 0.555 216 72 8.6 8.6 0 280 10 0.24

Polluted Rivers Data With Drains Joining the Polluted locations January, 2021

Name of Drains

NIL
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ABSTRACT 
 

Streamflow estimation is a crucial challenge required in assessments of water resources, planning, 

decision-making and improvement. Tools and data needed to carry out such assessments are often 

limited, especially in developing countries having limited technical capacity and funding. Due to this, 

there is a need to develop methods, techniques and tools for assessing water resources that works with 

limited data or in ungauged catchments.  Hence, the objectives of this study are (a) to assess the 

catchment characteristics of gauged catchments, (b) to estimate the flow quantiles to establish flow 

duration curve of gauged catchments, (c) to regionalize the information obtained from gauged 

catchments to estimate flow characteristics of ungauged catchments, and d) assessment of 

environmental flows. The study uses eight gauged catchment data and nine ungauged catchments 

(polluted river stretches) located in Mizoram, India. 

 ALOS DEM was used to obtained various geomorphological characteristics and delineation of 

catchments. Precipitation data was obtained from Department of Agriculture of the state. 

Temperature, relative humidity and wind data was obtained from Global weather data provided by 

Climate Forecast System Reanalysis (CFSR) data. FAO Local Climate Estimator (New_LocClim) 

was used to obtained sunshine hours. The discharge data of gauged catchments was obtained from 

Central Water Commission. With Mizoram Remote Sensing Application Centre (MIRSAC) land 

cover data, crop coefficient (Kc) values were calculated based on FAO guidelines. CROPWAT was 

used to get potential evapotranspiration. A climatic classification based on Budyko curve was used 

and it was found that eight gauged catchments fall in the wet category with aridity index values 

between 0.53 and 0.69. They also have comparable evaporative indices (between 0.40 and 0.57) for 

regionalization of the catchments. The gauged catchments were then used as the donor catchments. 

Regression models were developed for all parameter using a forward stepwise-regression 

considering non-transformed and log-transformed data. Leave-one-out cross validation was utilized 

as the basic criteria for selecting the best performing models. The results showed that the log-

transformed models outperformed the non-transformed ones. For high flows (q5), it was observed that 

precipitation (PREC), potential evapotranspiration (ETpot), drainage density(D), catchment area (A) 

and percent of Scurbland (LST) area are the explanatory variables. For median flow (q50), precipitation 

(PREC), minimum elevation (H-), potential evapotranspiration (ETpot), catchment area (A) and 

percent of Scurbland (LST) were observed as the dominant explanatory variables. For low flows (q90) 

prediction, precipitation (PREC), drainage density(D), mean elevation (Hm), potential 
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evapotranspiration (ETpot), percent of forest dense (LFD), catchment area (A) and percent of Scurbland 

(LST) appears in the stepwise model. And for low flows (q95), precipitation (PREC), drainage 

density(D), mean elevation (Hm), potential evapotranspiration (ETpot), percent of forest dense (LFD), 

catchment area (A) and percent of Scurbland (LST) are the dominant explanatory variables. The 

identified most substantial variables for the regionalization of FDCslp are mean elevation (Hm), 

precipitation (PREC), drainage density (D), catchment perimeter (Cp), catchment area (A) and 

potential evapotranspiration (ETpot). 

 The assessment of q5 and q50 in ungauged catchments shows that a larger predicted value 

found to be increased west to east side even though the state has a higher amount of rainfall and is 

quite normally distributed. The assessment of low flows i.e. q95 which is the environmental flows, 

demonstrates a decreasing trend affecting agriculture and others which is having higher drainage 

density mostly mountainous. The catchment or region with low lying areas have an impact on local 

subsurface stream flow system that are adding to baseflow.  
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Chapter 1  

Introduction 

1.1 General 

Sustainable water resources planning and management requires data for assessing water quantity and 

quality. Information related to the rates of transfers and storage of water within a catchment is required 

for optimal management of water resources in catchments. The vagueness in the design of hydraulic 

structures and management of water resources are due to insufficient hydrological records. Due to poor 

hydrologic or no records, most of the developing regions has inaccurate estimation about the available 

water resources and water demand (McNulty et al., 2016). The main causes of water scarcity are the fast-

growing population attributed to the increasing water demand for domestic, agricultural, electricity 

generation, agro-based industrial uses and industrial purposes. The magnitude of this shortage and its 

spatiotemporal variation remain unanalyzed due to lack of hydrological records.  

The degradation of catchment in various forms continues without effective control measures due 

to lack of the data adversely effecting assessment of water resources. This uncertainty also emerges from 

inadequate hydrological information that should enable quantification of effects of specific land use 

practices on quantity and quality of water resources. Floods and drought happen likewise, with frequencies 

and magnitude that are inadequately defined in the area due to the absence of relevant hydrological 

information. This leads to major social, economic and environmental misfortunes every year. 

With the growth in population and consequent rise in water use, humans began to progressively 

manage rivers and to draw and divert more water, in many cases this resulted in almost no flow in some 

of the rivers in dry season. This was found to be highly detrimental to the river and its ecosystems 

(Vörösmarty et al., 2010). With time a realization came that survival of rivers is of utmost importance to 

the human society in view of many eco-system services provided by the river water. Although freshwater 

ecosystems contain only 0.01% of the Earth’s water and cover a small fraction of the planet’s surface, 

rivers, lakes and wetlands harbor a disproportionately high fraction of the Earth’s biodiversity (Combes 

2003). Discussions gradually expanded to consider a range of issues such as geomorphology, sediment 

movement, freshwater habitats and requirement of species other than fish and gradually the concept of 

environmental flows began to take shape. The principle governing environmental flows recognizes that 

these flows are necessary to maintain downstream ecosystems and the communities that depend on them. 
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Limited information about water resources regarding the quantity and quality arises from a poor 

hydrological network. Water resources assessment and assessment of environmental flows is of an 

incredible worth for national economy, advancement, stability, restoring and maintaining the chemically, 

physical and biological, integrity of nations’ waters. In such case, instruments and information which is 

important to do such evaluations are often restricted or lacking, particularly in developing nations 

(McNulty et al., 2016). It is experienced that it takes not less than 30 years before adequate data are 

collected if the resources, finance as well as technical, are made available for the establishment and 

expansion of hydrometric networks. An ideal network is also difficult to set up as some sites are 

inaccessible. Furthermore, some present or existing monitoring sites have already been affected by 

anthropogenic influences such as upstream abstractions and impoundments on rivers that provide the 

information collected unsuitable for long-term planning (Sivapalan et al., 2003). The International 

Association of Hydrological Sciences (IAHS) recognized this need in 2002, and adopted the Prediction of 

Ungauged Basins (PUB) as a research agenda for the coming decade (Sivapalan et al., 2003). Hence, there 

is a need to develop methods for assessing water resources in ungauged catchments. Keeping in view of 

the above, an assessment of the hydrological estimates (e-flows) in nine ungauged catchments (polluted 

river stretches) of Mizoram State, India is proposed as an action plan in the matter of National Green 

Tribunal (NGT) O. A 678/2018 dated 12.06.2019. 

1.2 Research objectives 

The objectives of this study are  

i. to assess the geomorphological characteristics of gauged and ungauged (polluted) catchments.  

ii. to estimate flow quantiles (q5, q50, q90 and q95) and characteristics of flow duration curve of gauged 

catchments. 

iii. to regionalize the information obtained from gauged catchments to estimate flow characteristics 

of the ungauged (polluted) catchments. 

iv. Assessment of environmental flows of ungauged (polluted) catchments. 

This study addresses (1) the degree to which prediction correspond with climate and catchment 

characteristics, (2) which kind of stepwise-parameter regression performs better (non-transformed or log-

transformed regression), (3) how hydrologically important informative factors or explanatory variables 

are chosen by using the forward stepwise regression procedure, and (4) how model unpredictability affects 

the performance. 
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1.3 Outline 

This report is divided into five chapters starting from general introduction and objectives of the study as 

presented in this Chapter. The rest of the chapters are structured as below: 

Chapter 2 is a review of common statistical methods of prediction, catchment similarity, parameter 

regression and conclusion of the review. The review is developed based on international literature. 

Chapter 3 describes the study area and methodology used for this study. This chapter describe the study 

area, preparation of data and analyzing which method is useful for developing understanding of the linkage 

between catchment properties and hydrological response and interpreting regionalization results. Flow 

quantiles and slope of flow duration curve of the gauged catchment estimation for stepwise regression 

analysis and selection of best performing model. 

Chapter 4 shows results and discussion of the models. The performance of non-transformed and log 

transformed model are compared. The best performing model are discussed in details. 

Chapter 5 is the conclusion of major findings, limitations and future scope of work that could contribute 

to the advancement in prediction in ungauged catchments and environmental flow assessment. 
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Chapter 2  

Literature Review 

2.1 General 

“Falkenmark and Chapman (1989, p. 12) coined ‘comparative hydrology’ approach to describe the study 

of the character of hydrological processes as influenced by climate and the nature of the earth’s surface 

and subsurface”. An importance is given on understanding the interactions between hydrology and the 

ecosystem, and deciding to what extent hydrological predictions may additionally be transferred from one 

region to another. The accomplishment of the comparative hydrology strategy depends on the ideas of 

similarity and dissimilarity. Climate classification schemes such as those by Köppen (1936) and 

Thornthwaite (1931) define regions through a combination of mean annual precipitation, air temperature 

and their seasonal variability. Budyko (1974) and L’vovich (1979) developed long-term average 

relationships between measures of water and energy availability in various regions. 

2.2 Definition of terms 

2.2.1 Ungauged catchments 

According to Sivapalan et al. (2003), an ungauged catchment is one with inadequate records (in terms of 

both data quantity and quality) of hydrological observations to enable computation of hydrological 

variables of interest (both water quantity and/or quality) at the appropriate spatial and temporal scales, 

and to the accuracy acceptable for practical applications. An ungauged catchment is therefore not 

necessarily completely ungauged and, in many cases, it refers to a poorly-gauged catchment. The 

hydrological variables mentioned in this context would include, for example, rainfall, runoff, erosion rates, 

sediment concentrations in flow (Makungo et al. 2010). The ungauged catchment problem (Beven, 2001) 

is common, especially in the developing countries (Schreider et al. 2002, Singhrattna et al. 2005, Lee 

2006, Buytaert and Beven 2009, Piman and Babel 2013). 

2.2.2 Regionalization 

Depending on the contexts and focuses of the studies concerned, various definitions of regionalization 

have been used in the literature. A sequential review of the definition of regionalization provided by He 

et al. (2011), stated that the following: regionalization refers to a technique of transferring hydrological 

information from gauged to ungauged or poorly gauged catchments to estimate the streamflow. Several 

regionalization approaches ranging from the simplest to the most sophisticated techniques have been used 
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for predictions in ungauged catchments (He et al. 2011, Parajka et al. 2013b, Savenije and Sivapalan 

2013) 

2.2.3 Environmental Flows 

According to the widely quoted Brisbane Declaration (2007), “environmental flows (EFs) are the quantity, 

timing, duration, frequency and quality of flows required to sustain freshwater, estuarine, and near shore 

ecosystems and the human livelihoods and well-being that depend on them” (Arthington, 2012). The term 

“environmental flows” is confusing to many people but it is so widely used that replacement is likely to 

cause more confusion. Thus, while retaining this term, there is a need to clarify that E-Flows are meant to 

provide healthy river systems and consequently benefits to the entire society. 

2.3 Statistical methods of predictions in ungauged basins 

2.3.1 Regression methods  

In a regression method, the runoff signature 𝑦̂ of interest (for example, the flood discharge of a given 

probability) is estimated from catchment and/or climate characteristics 𝑥𝑖 with sampling error ε: 

𝑦̂ = 𝛽0 + ∑ 𝛽𝑖𝑥𝑖 + 𝜀 + 𝜂

𝑝

𝑖=1

 

where there are i different characteristics, 𝛽𝑖 - model parameters (i.e., regression coefficients)  

η - model error 

2.3.2 Index methods  

Index techniques rely on some scaled normal for the catchment. An example is the Budyko curve 

technique, where the percentage of mean annual actual evaporation to mean annual precipitation is 

communicated as a characteristic of the aridity index, the ratio of mean annual potential evaporation and 

mean annual precipitation. The index techniques replicate some foremost hydrological rule that is not 

derived from the information yet from hydrological reasoning. 

2.3.3 Geostatistical methods  

The geostatistical methods make use of the correlation of runoff signatures in space. In the geostatistical 

approach, the runoff signature of activity in the ungauged catchment is presumed to be a weighted imply 

of the runoff signatures in the neighboring catchments. On the basis of the spatial correlations of the runoff 

signatures and the relative locations of the catchments and/or the stream network, the weights are 

estimated. The geostatistical approach as they account for spatial correlations that will vary between 

(2.1) 
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methods and regions, goes beyond simple spatial distance measures (e.g., longer spatial distances for low 

flows than for floods), and the so-called declustering property of geostatistics, i.e., the potential to provide 

less weight to observations that are close to each other due to the fact they are correlated, so include less 

information about the random variable. 

2.3.4 Estimation from short runoff records 

The record may be not enough to estimate the runoff signatures to a level of accuracy that is sufficient for 

the problem at hand. However, with the information from other catchments in the region and the use of 

regionalization methods together, it may be possible to utilize the information that is contained in the short 

runoff records. Runoff information from a neighboring catchment is usually used to account for the 

temporal variability in the runoff signatures in the poorly gauged catchment of interest as a result of the 

runoff records in that catchment being insufficient. 

2.4 Catchment similarity 

The assumption by the spatial proximity method is that the catchment characteristics and climate contrast 

smoothly in space. Thus, spatial proximity, which is normally characterized dependent on the separations 

between the catchment centroids or catchment outlets, would possibly be an appropriate measure of 

closeness between the catchments while selecting the donor catchment (Li et al., 2009; Randrianasolo et 

al., 2011). A donor catchment is a catchment that is most comparative as far as its physiographic attributes 

to the catchment of activity (Parajka et al., 2005). So as to represent nested catchments, geostatistical 

distances can be utilized (Skoien et al., 2006; Skoien and Blöschl, 2007). Similarity of catchment traits 

and climate, as an elective technique, chooses the donor catchment(s) in light of the closeness of the 

catchment traits and local weather in the catchments. Similarity is decided by way of the root mean square 

differences of all the characteristics in a couple of catchments (Blöschl et al., 2013). So as to make it 

comparable, the characteristics are usually standardized. Kokkonen et al. (2003) relocate the total set of 

parameters from the catchment which has the most indistinguishable elevation to that of the catchment 

outlet even as McIntyre et al. (2004) characterized the most homogenous catchment primarily based on 

the catchment area, standardizes annual mean precipitation and base-flow index. A few investigations 

(Parajka et al., 2005; Zhang and Chiew, 2009) utilized a massive range of catchment characteristics, 

others used fewer, yet more relevant catchment characteristics (e.g., Oudin et al., 2010). The model 

averaging method utilizes a weighted combination of the parameter units from more than one donor 

catchment, where the catchments are select either dependent on spatial proximity, catchment 
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characteristics or both (Seibert and Beven, 2009). Every catchment can either be assigned to its very own 

group of donor catchments or, alternatively, the area can be isolated into groups of catchments (Burn and 

Boorman, 1993). 

2.5 Hydrological Methods approach adopted to estimate environmental flow requirements 

Although it is recognized that numerous factors influence the ecology of aquatic ecosystems (e.g. 

temperature, water quality and turbidity), the flow regime is the primary driving force which influences 

them (Richter et al., 1997). Streamflow characteristics offer some of the most useful and appropriate 

indicators to assess river ecosystem integrity over time. Many other abiotic characteristics of riverine 

ecosystems such as dissolved oxygen contents, water temperature, suspended and bed-load sediment size, 

and channel bed stability vary with flow conditions. Because flow exerts great impact on aquatic habitat, 

river morphology, biotic life, river connectivity and water quality, it is termed as the master variable. On 

a larger scale, channel and floodplain morphology is shaped by fluvial processes driven by streamflow, 

particularly high-flow conditions. Analysis of river flow data provides key inputs to understand the 

hydrologic response of a catchment and for design and management of water resources projects. Time 

series of river flow data are either available at many gauging stations or can be estimated from a nearby 

site. In many regions, biological data are scarce, temporal and spatial coverage is small but the coverage 

of streamflow data is much better. Where such data are missing or the series are of short lengths, 

hydrological tools can be employed to extend the series. Long series of streamflow data help quantify the 

magnitude, range, variability of flows and impact of anthropogenic activities on rivers. In view of these 

reasons, hydrological methods were naturally the first to be employed to estimate EFs. Allocation based 

on percentage of mean annual flow (MAF) or values read from flow duration curves (FDC) also fall in 

this category. Typically, indices based on the hydrologic data are calculated. For example, the French 

freshwater fishing law (June, 1984) requires that residual flows in bypassed sections of river must be a 

minimum of 1/40 of the mean flow for existing schemes and 1/10 of the mean flow for new scheme 

(Souchon and Keith, 2001). In regulating abstraction in UK, an index of natural low flow has been 

employed to define the environmental flow. In the UK, a flow-based index, Q95 (flow which is equaled 

or exceeded 95% of the time) is often used to define EFs (Acreman and Dunbar 2004). The figure of Q95 

was chosen purely on hydrological grounds. In other cases, indices of rarer events (such as mean annual 

minimum flow) have been used. Indices based purely on hydrological data are more readily calculated for 

a site as flow data are generally available or can be estimated. Look up tables do not necessarily take 
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account of site-specific conditions. Therefore, these are particularly appropriate for low controversy 

situation but tend to be precautionary. 

2.6 Parameter regression/ Stepwise regression 

Parameter regression is the comprehensively utilized technique for rainfall-runoff model regionalization 

(McIntyre et al., 2004). This technique associates with the model parameters explanatorily to 

physiographic characteristics in the gauged catchments through empirical equations which would then be 

able to be utilized to foresee the model parameters in the ungauged catchments (Merz and Blöschl, 2004; 

Mazvimavi et al., 2004, 2005; Wagener and Wheater, 2006; Young, 2006; Parajka et al., 2013). Stepwise-

multiple regressions was utilized by Laaha and Blöschl (2006, 2007) to examine the estimation of 

regularity indices for regionalizing low flows, in light of physical catchment attributes and consistent 

records to make regionalization models. The estimation of various models was evaluated to consolidate 

regularity by various methodologies so as to foresee low streams in ungauged catchments utilizing cross-

validation. They looked at the models for the 95% quantile of particular discharges and moreover 

considered the precise low stream flow discharges of the summer season and winter periods (q95s, q95w). 

They saw from their consequences that gathering the study location into a range of areas and separate 

regressions in each locale offers the satisfactory model performance. As indicated with the aid of Laaha 

and Blöschl (2006, 2007), the lowest overall performance was yielded through a global regression model 

and performs marginally higher when makes use of regional calibration coefficients. They supported that 

an outstanding regression models in every one of the locales are to be chosen over a global model so as to 

communicate to differentiate in the manner in which catchment characters are recognized with low streams 

flows. 

It is preferable to make reliable forecasts in ungauged basin, the conditions which relate the model 

parameters and the catchment characteristics ought to be hydrologically logical. In any case, this isn't 

constantly conceivable as indicated by Sefton and Howarth (1998), as the clarification of the regression 

equations is many times not simple by reason of unrepresentative of catchment characteristics and 

moreover problems recognized with the determination of model parameters (Blöschl, 2005). Kokkonen et 

al. (2003) noticed that high magnitude of regression models does no longer really provide a lot of 

parameters with a properly predictive power. Consequently, illustrating the physical importance of 

regression relationships among model parameters and attributes needs cautious consideration. Model 

averaging and parameter regression can likewise be linked concurrently by way of adjusting the 

coefficients of these relationships as a replacement to first evaluating model parameters at each gauged 
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catchment and afterward interface them to the catchment traits by way of an empirical equation. This lets 

in the discovering of progressively dependable parameters contrasted with just aligning the model 

parameters themselves and blueprint on the spatial information suit inside the catchment characteristics 

(Parajka et al., 2013). Rather than using only a single strategy, a few investigations analyze 

regionalization techniques for assessing the model parameters in ungauged catchments (Merz and Blöschl, 

2004). 

A regression model is able to show an explicit link between the predictors and predicted variables 

as well as the contribution of each predictor to the predicted variables. It is easy to implement using 

automated procedures available in software such as MATLAB, R and SPSS. However, disadvantages of 

the regression model are that it could be highly influenced by outliers and produces erroneous regression 

equations that are not obviously illogical. When an outlier is included in the analysis, it pulls the regression 

line towards itself resulting in overfitting which is the problem of the regression model representing 

random error rather than the underlying relationship between the predictors and predicted variables. The 

regression is not robust to variations in the data. Rather, it depends on the algorithms used for selecting 

the predictors (forward selection, backward elimination or forward/backward stepwise) 

(Whittingham et al. 2006, Lark et al. 2007). The stepwise selection algorithm relies on the calculation of 

marginal statistics, i.e. entrance and exit p-value tolerances and r², and may result in the exclusion of 

predictors that are highly correlated with the predicted variables because of multi-collinearity problem. 

The number of input predictors and sample sizes has also been found to affect the final regression model 

(Derksen and Keselman 1992, Graham 2003, Chong and Jun 2005, Basagaña et al. 2012). While having 

the above-mentioned issues, the stepwise regression has widely been used in many disciplines such as 

environmental science (e.g. Hauser 1974, Geladi et al. 1999, Lark et al. 2007, Minasny and Hartemin 

2011), medical science (e.g. Bagley et al. 2001, Phillip and James 2012, Sainani 2013) and social science 

(e.g. Fox 1997, Osborne and Elaine 2002, Ron 2002, Hinkle et al. 2003). Transformations of variables, 

for example using the logarithm, square, square root or cube root, have been used to move the 

variables towards normal distributions and to alleviate the likelihood that the value for a case will be 

characterized as an outlier (Kim and Hill 1993, Geladi et al. 1999, Kjeldsen and Jones 2009, Liu et al. 

2009, Haddad and Rahman 2012). Incorporating expert knowledge throughout the model development 

process could shape the regression model into a more meaningful representation of the relationship 

between the predictors and predicted variables (Lark et al. 2007, Basagaña, et al. 2012, Sainani 2013). 
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2.6 Conclusions 

The regression method is the most widely used method for regionalizing flow responses. The advantage 

of the regression method is the explicit relationships between catchment properties and information about 

flow responses which may offer improved understanding of dominant processes in tropical catchments. 

The regression method may be useful for predicting the effect of non-stationarity on catchment hydrology 

although it may incur significantly more uncertainty caused by changes in the regression relationships 

when moving beyond the period of modelling. Furthermore, the regression method is the only method 

from which the estimation of uncertainty can be directly obtained from analyzing the residuals. In this 

sense, the regression method may be the most suitable choice for addressing the problem of predicting 

flows in Mizoram ungauged catchments. The intended contribution of this report is to identify the potential 

value and to expand the knowledge of the prediction of ungauged catchments for environmental flows 

assessment using an established regionalization method for predicting flow in humid tropical wet 

catchments. However, ample examining whether or not the option of extra variables improves the 

predictive overall performance of the regression models was not clearly explained from various studies 

which additionally make a contribution to discover the use of LOOCV using a case study of the eight 

gauged and 9 ungauged catchments in this assessment.  
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Chapter 3  

Study Area and Methodology 

3.1 Description of Study Area  

3.1.1 Location  

Mizoram is located in the east end of the Indian territory, lying between 21°58’ and 24°35’ North and 

Longitude 92°15’ & 93°29’ East, and sandwiched between Myanmar in the east with 404 km long border 

and south and Bangladesh in the west with 318 km long. Mizoram is a land-locked state having an area 

of 21,087 km² with 277 km long in north-south and 121 km in east-west. The location of the state is shown 

in Figure 3.1.  

Figure 3.1 Location Map of Mizoram 
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3.1.2 Population 

As per Census 2011, the state's population consists of 1,091,014 out of which 552,339 are male and 

538,675 are female respectively. Its growth rate from 2001 to 2011 was 22.78%. Although more than half 

(50.4%) of the population lived in rural areas, the share of the rural population has decreased to 48.5% in 

2011. Among all districts, Aizawl District has the biggest population and highest population density. 

3.1.3 Climate 

Mizoram is classified as Tropical Hill Zone and its climate is relatively mild with temperature varying 

between 20°C to 29°C in the summer and 11°C to 21 °C in the winter. The entire area is under the direct 

influence of the monsoon and it rains heavily from May to September with an average rainfall more than 

2000 mm in Aizawl, the capital of the state located in its northern area. Meteorological data other than 

rainfall are available only in Aizawl. The humidity ranges from 91% to 99% in the rainy season and 80% 

to 87% in the dry season. The wind is generally mild, being observed at Aizawl Airport ranging from 1.0 

m/sec in the rainy season to 0.4 m/sec in the dry season.  

3.1.4 Water Resources 

There are 15 major rivers in the state, of which seven rivers, namely: Tuivawl, Tuvai, Tuirini, Tlawng, 

Tut and Teirei, flow northward and ultimately confluence with the Barak River in Assam Valley. The five 

other rivers, namely: Mat, Tuichang, Khawchhaktuipui, Tiau and Chhimtuipui (Kolodyne) flow 

southwards. The remaining three rivers, namely: Tuichawng, De and Khawthlangtuipui, flow to the west. 

In the south of Mizoram, the Karnaphuli River flows in the southward direction and then enters 

Bangladesh. The Kolodyne River in southern Mizoram flows southwards and enters Myanmar. Both the 

Kolodyne and Karnaphuli rivers are large and navigable during monsoon to a great extent, leading to the 

ports of Akyab in Myanmar and Chittagong in Bangladesh, respectively. 

 

3.2 Data Used in the studies 

3.2.1 Stream discharge 

The observation parameters such as gauge (river water level), discharge (amount of water released from  

a cross section in the river in a given time period) and sediment (concentration of solid particles in water)  

observing stations of CWC (Central Water Commission) were obtained. The details are shown in Table 

3.1. 
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Table 3.1 Summary of Discharge gauging stations of CWC 

 

 

3.2.2 Mizoram DEM (Digital Elevation Model)  

The Japan Aerospace Exploration Agency (JAXA) released "ALOS World 3D – 30m (AW3D30)", the 

global digital surface model (DSM) with a horizontal resolution of approx. 30-meter mesh (1×1 arc 

second) in May 2015. This DEM was used to delineate the catchment area of gauged and ungauged 

catchment, perimeter, drainage density and slope. ASTER DEM downloaded from USGS Earth Explorer 

(https://earthexplorer.usgs.gov/) and ALOS DEM (http://www.eorc.jaxa.jp/ALOS/en/aw3d30/data/index.htm) 

were used for delineation of catchment. The DEM data was processed using ArcGIS 10.7.  

Mat Rotlang 22°49'46" N 92°53'26" E 1/1/1992 12/31/1996 5 years

6/1/1999 8/31/1999 3 months

10/1/1999 11/30/1999 2 months

4/1/2000 6/30/2000 3 months

8/1/2000 9/30/2000 2 months

12/1/2000 12/31/2000 1 month

Mat Valley 23°18'56" N 92°48'52" E 1/1/1988 12/31/1993 6 years

4/27/1994 10/31/1996 2.5 years 

1/2/2015 3/31/2015 3 months

5/1/2015 1/31/2017 1.8 years 

3/1/2017 5/31/2017 3 months

11/11/2017 5/6/2020 2.6 years 

Tlabung 22° 54' 32.4" N 92° 39' 48.6" E 4/1/2014 5/7/2014 1 month

7/13/2015 7/30/2016 1 month

9/1/2016 9/30/2016 1 month

11/1/2017 1/31/2018 3 months

Tlawng 23° 42' 43.56" N 92° 39' 48.6" E 12/5/2015 3/31/2016 4 months

8/1/2016 11/30/2016 4 months

5/1/2017 10/30/2017 5 months

Bairabi 24° 10' 40.44" N 92° 32' 11.04" E 6/1/2017 10/31/2017 4 months

Tuirial 23° 43' 8.04" N 92° 47' 57.12" E 11/22/2016 12/31/2016 1 month

Tuichang 23°02'05" N 92°57'58.8" E 7/1/2004 2/28/2015 11.2 Years

Mateswari, De 22° 57' 1.8" N 92° 36' 38.52" E 7/13/2015 11/30/2015 4 months

6/1/2016 9/30/2016 4 months

2/1/2017 5/31/2017 4 months

10/3/2017 12/30/2017 3 

Station Name
Latitude 

(DMS)

Longitude 

(DMS)

Start 

Record

End 

Record

Period Record 

(months/years)

months

https://earthexplorer.usgs.gov/
http://www.eorc.jaxa.jp/ALOS/en/aw3d30/data/index.htm
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3.2.3 Land Cover 

Land use land cover map was obtained from Mizoram Remote Sensing Application Centre (MIRSAC) for 

the year 2015-16 and processed using ArcGIS 10.7.  

3.2.4 Precipitation and Climate 

There are 36 stations operating from 1986 to date maintained by Department of Agriculture. The data 

recorded from 1986 and 1998 are scare and only 14 stations are available with considerable lack of 

observation, the data since 1999 were therefore used for analysis. The average annual rainfall in Mizoram 

State is about 2,503 mm for the last 34-year period. The Kharif rain (June to September) concentration is 

distinct, having 95% rain in a year.  

The Thiessen polygon method and the inverse distance weighting (IDW) were used for obtaining 

rainfall for each of the catchment area. 

3.2.4.1 The Thiessen polygon method 

The Thiessen polygon method (Thiessen, 1911) performs the interpolation by creating a zone of influence, 

which is the area surrounded by perpendicular bisectors lines connecting rain gauges, around a rain gauge. 

Any point within the zone of influence is assumed to have rainfall equal to the rainfall from rain gauge 

located within the zone of influence. The rainfall over a catchment area is calculated from weighted 

average values of rainfall from each rain gauge in direct proportion to the total catchment area it represents. 

The Thiessen polygon method is simple but, in principle, not appropriate for estimating rainfall over 

mountainous or monsoon-dominated catchments due to the assumption that a rain gauge is representative 

of a potentially large area around it. 

3.2.4.2 Inverse Distance Weighting (IDW) 

Rainfall values at an ungauged point derived from the IDW method are calculated from weighted average 

values of rainfall from a number of surrounding rain gauges using a weighting function represented by the 

inverse distance between each rain gauge and the ungauged point as shown in the equation below: 

𝑅 =
∑ 𝑅𝑖(1 𝑑𝑖⁄ )𝑝𝑛

𝑖=1

∑ (1 𝑑𝑖⁄ )𝑝𝑛
𝑖=1

  

where R is interpolated rainfall at ungauged point 

           Ri is observed rainfall at surrounding gauge i 

           di is the distance between the surrounding gauge i and ungauged point 

(3.1)  



15 
 

           p is power of distance 

           n is numbers of surrounding gauges 

The closer the distance between the rain gauge and ungauged point, the more the influence of the 

rain gauge. Beyond a radius of influence, the gauge may be ignored. The weighting functions are 

adjustable by using different p values and different radii of influence, thus allowing flexibility for 

obtaining sensible local values. While the p values and radii of influence can be optimized for any gauge 

and time period, the same values are generally applied to all gauges in the regions throughout the period 

of interpolation. However, as there is no physical basis and it is difficult to identify optimal values for 

weighting functions, the adjustments are usually arbitrary (Babak and Deutsch 2009, Tobin et al. 2011). 

The IDW method assumes that the distance between rain gauges and ungauged point is the only factor 

characterizing the spatial distribution of rainfall and others are ignored. The IDW is a simple method 

which has been demonstrated efficient and reliable in many rainfall studies, e.g. Tabios and Salas (1985), 

Garcia et al. (2008), Ly et al. (2011), Chen (2012). A major weakness of the IDW method is inability to 

account for the effect of topography on rainfall 

3.2.5 Weather data [Temperature (Max and Min), Relative humidity, Sunshine hours, Wind] 

Global Weather Data for SWAT was downloaded from http://globalweather.tamu.edu/ for the period of 

1979 to 2014. The National Centers for Environmental Prediction (NCEP) Climate Forecast System 

Reanalysis (CFSR) was accomplished over the 36-year period (1979 through 2014). CFSR data depends 

on both historical and operational archives of observations and newly reprocessed sets of observations 

produced at meteorological research centers around the world. The CFSR was designed and executed as 

a global, high resolution, coupled atmosphere-ocean-land surface-sea ice system for providing the best 

estimate of the state of these coupled domains over this period. The data were extracted using ArcGIS 

10.7. FAO Local Climate Estimator (New_LocClim) which was once advanced to provide an estimate of 

climatic prerequisites at areas for which no perceptions are reachable had been utilized to obtained 

sunshine hours. 

3.3 Catchment Selection 

The essential scrutiny in deciding on catchments for inclusion in this study is the availability of flow 

information on gauging catchment in order to allow correct estimation of flow statistics. A minimum of 

10 years of flow information offers a sensible estimation of most flow records (Searcy, 1959). Eight 

gauging sites are selected to be contain in this assessment even though the CWC discharge data obtained 

http://globalweather.tamu.edu/
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does not meets this requirement, as shown in Figure 3.2. The other set was of nine Ungauged catchments 

(polluted) as shown in Figure 3.3.  

 

Figure 3.2 Selected gauged catchment map in study area 
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Figure 3.3 Selected Ungauged catchment map in study area 
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3.4 Catchment Characteristics 

Selected catchment characteristics are elevation, drainage density, slope, land cover, precipitation, 

temperature, humidity, wind and solar as shown in Table 3.2. 

Table 3.2 Selected catchment characteristics for use in the study 

Catchment characteristics Description and Data source 

 Catchment Elevation (Max., 

Min., Mean and Range) 

Derived from a digital elevation model (DEM) 

having a geographic projection of 30 Arc 

seconds 

Drainage density 

Derived from a digital elevation model (DEM) 

and streams are assumed to represent by blue 

lines on these maps. 

Slope Estimated from a DEM 

Land Cover type 
Mizoram Remote Sensing Application Centre 

(MIRSAC) 

Precipitation, Department of Agriculture, Govt. of Mizoram 

 Temperature, Humidity, 

wind, Solar 
CFSR data over the 36-year period 

 

            

The study area elevation map, drainage map of gauged and ungauged catchments, and land cover map are 

shown in Figure 3.4 (a &b), 3.5, 3.6 and 3.7(a & b) respectively. 
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Figure 3.4 a) Elevation map of study area (Gauged) 

9Gauged 
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Figure 3.4 b) Elevation map of study area (Ungauged) 

9Gauged 
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  Figure 3.5 Drainage map of Gauged catchment 
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 Figure 3.6 Drainage map of Ungauged catchment 
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Figure 3.7 a) Land cover map of Study area (Gauged) 
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Figure 3.7 b) Land cover map of Study area (Ungauged) 



25 
 

3.5 Evapotranspiration (Potential and Actual) 

The National Centers for Environmental Prediction (NCEP) Climate Forecast System Reanalysis (CFSR) 

data like maximum and minimum temperature, humidity and wind for the period of 1979 to 2014 were 

used as input data to calculate potential evapotranspiration. CROPWAT 8.0 model provided by the United 

Nations Food and Agriculture Organization (FAO) that gives the ET and irrigation water requirements of 

crops was used. Penman-Monteith approach was used in this study to calculate potential 

evapotranspiration.   The crop coefficient (Kc) value are taken from ‘Crop evapotranspiration - Guidelines 

for computing crop water requirements - FAO Irrigation and drainage paper 56’.  
 

The average crop coefficient calculated for each land cover was determined and using weighted 

average method to get crop coefficient value for each catchment. Actual evapotranspiration is calculated 

using the equation:  

                       𝐸𝑇𝑎 =  𝐾𝑐 ∗  𝐸𝑇𝑜                                                                                                       (3.2) 

 Where, ETa = Actual evapotranspiration,  

Kc = Crop Coefficient 

ETo = Potential evapotranspiration  

3.6 Climatic Classification 

Using gauged catchment, climatic classification was conducted primarily based on the hydro-climatic 

place in the catchment. Budyko curve approach is used for developing climate classification scheme which 

is used to anticipate evaporation as a component of dryness index. Budyko curve is a plot of the proportion 

of normal actual annual evapotranspiration to mean annual precipitation which is a component of dryness 

index. Three climatic limits i.e., dryness index between zero and 0.7 used to be considered as wet, between 

1.3 and infinity was seen as dry and between 0.7 and 1.3 have been seen as medium classification (i.e. not 

too moist nor too dry) (Abimbola et al., 2017). 

A number of studies have been done on finding this relation. Classical studies were done by 

Schreiber [1904], Ol’dekop [1911], Budyko [1974], Turc [1954], and Pike [1964]. Schreiber [1904], Pike 

[1964] and Budyko [1974] are used in this study and their equations are summarized in Table 3.3. 
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Table 3.3 Different Budyko curves as a function of the Aridity Index ф 

 

Equation Reference 

  
 

  
Schreiber (1904) 

  
 

  

Pike (1964) 

  
 

  

Budyko (1974) 

 

A climatic classification based on the observation i.e. the ratio of ETo/PREC and ETa/PREC are 

calculated and plotted as shown in Figure 3.8. It tends to be viewed from the anticipation that all the 

gauged catchments are in the moist category with dry report in the range of 0.53 and 0.69. Regardless of 

the way that each of the eight gauged catchments fall inside the moist classification, they have been simply 

utilized in one pool for regionalization investigation on account that they have virtually equal evaporative 

records (somewhere in the range of 0.40 and 0.57). This verifiable in the likeness of atmosphere in the 

catchments with respect to relative water and energy accessibility and consequently utilized to different 

local conditions to demonstrate parameters, as for medium and dry catchments is not required. 

Subsequently, each one of the eight gauged catchments had been chosen as donor catchments and the total 

parameter set had been used to be migrated from these catchments to the ungauged catchments (polluted 

river stretches). The 1:1 line elucidate the available energy limit to evapotranspiration (ETo/ PREC), while 

the horizontal line elucidate the available water limit (ETa / PREC). 
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Figure 3.8 Climatic classification based on observation from gauged catchments 
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3.7 Summary and abbreviations of catchment characteristics 

The catchments characteristics of gauged and ungauged catchments were computed using a DEM. 

These are summarized in Table 3.4.  

 

 

The abbreviations and units used for catchment characteristics for multiple regressions analysis are 

shown in Table 3.5 

 

 

Summary of catchment characteristics of Gauged and Ungauged catchments

Gauged Ungauged

Min Mean Max Min Mean Max

Area (km ) 0.69 1236.01

Perimeter (km) 4.00 335.52

Mean Elevation (m) 44.00 794.00

Minimum Elevation (m) 220.00 1897.00

Maximum Elevation (m) 77.00 1333.99

Slope ( ) 9.86 19.88 23.13

Precipitation (mm)

ETpot (mm) 3.74

River Density (km/km ) 0.00

Cropland (%)

ForestBamboo (%)

ForestDenseMedium (%)

ForestPlantation (%)

JhumAbandoned (%)

JhumCurrent (%) 1.00

Scrubland (%)

²

²

24.42 978.54 3512.21 259.96

22.16 238.31 585.21 83.21

0.01 0.10 0.18 789.96

597.00 844.56 1039.50 1376.00

1116.00 1489.50 1603.00 385.09

44.00 199.63 476.00

19.09 21.80 26.47 7.19 9.40 12.39

4.73 5.50 7.10 3.79 3.85

3.34 3.66 3.82 0.14 1.15

0.00 1.64 4.48 0.00 2.24 6.88

27.52 38.82 52.37 0.00 19.07 43.72

38.83 46.12 52.37 7.47 45.62 73.89

0.00 0.40 0.88 0.00 0.29 1.06

0.81 2.57 4.14 0.00 2.66 9.35

2.33 4.27 0.00 2.48 8.36

2.50 5.92 13.03 0.00 5.70 27.17

Settlement (%) 0.00 1.51 4.28 0.00 20.81 92.53

Barrenrocky (%) 0.00 0.00 0.00 0.00 1.12 5.65

Grassland (%) 0.00 0.00 0.00 0.00 0.00 0.01

WaterbodiesRiverreservoir (%) 0.00 0.00 0.00 0.00 0.00 0.00

°

   Table 3.4 Summary of catchments characteristics of gauged and ungauged catchments 
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Table 3.5 Abbreviations and units of all catchment characteristics for multiple regressions 

 

 

3.8 Flow quantiles  

For predicting flow magnitude in ungauged catchment, 5, 50, 90 and 95 percent flow duration i.e., q5, q50, 

q90 and q95, and also with the flow duration curve (FDCslp) of the eight gauged catchments were estimated. 

The observed stream flows were arranged in descending order and then ranked accordingly. The 

exceedance of probability was calculated by P = m/(n+1), where ‘P’ is the probability of exceedance, ‘m’ 

is the rank and ‘n’ is the number of observations. The discharge, q (m3/sec) was standardized to discharge 

Symbols Characteristic description Unit

Physiographic

A Catchment area km²

C Catchment perimeter km

D Drainage Density km/km² 

H Mean catchment elevation m

H Maximum of catchment elevation m

H Minimum of catchment elevation m

Cs Mean catchment slope %

Climatic

PREC Mean annual precipitation

ET Mean annual potential evapotranspiration

Hydrologic

Streamflow (p=5%, 50%, 95% and mean) l/s km²

FDC Slope of flow duration curve (-)

Land cover

Lw %

Lc %

L %

L Percent of Forest Dense-Medium %

L Percent of Forest Plantation %

L Percent of Jhum-Abadoned %

L Percent of Jhum-Current %

L Percent of Scruband %

L Percent of Settlement %

L Percent of Barren land %

L Percent of Grassland %

p

m

+

-

pot 

p

slp

FB

FD

FP

JA

S

ST

BL

GR

q

Percent of water bodies

Percent of Cropland

Percent of Forest Bamboo

JC
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q (l/s/km2) with each corresponding catchment areas to make the flow quantile more comparable. The 

flow quantile(s) (q5, q50, q90 and q95) was calculated and shown in the Table 3.8. 

   

 

3.9 Flow Duration Curves  

An empirical long-term flow-duration curve (FDC) is the tribute of the empirical cumulative distribution 

function of daily stream flows established on the complete streamflow record available for the catchment 

of interest. Flow Duration Curves was constructed by plotting (plot in log-normal scale) each ordered 

observation versus its corresponding probability of exceedance, which is generally dimensionless. The 

duration of the ith observation in the ordered discharge coincides with an estimate of the exceedance 

probability of the observation. Then FDCs were plotted and the slope of each flow duration curve was 

fitted with exponential trend line for each gauged catchment and summarized in Table 3.9. FDCs for the 

nineteen gauged catchments are summarized in Figure 3.9. The shape of a flow duration curve gives a 

measurement of fluctuation and is dictated by hydrologic and geologic attributes of the gauged catchment.  

Table 3.6 Flow quantiles of gauged catchments 

 

Table 3.7 Flow duration curve (slope) of gauged catchments 

 
Location FDCslp (−)

Mat Rotlang

Mat Valley

Tlabung 

Tlawng

Bairabi

Tuirial

Tuipui D

Tuichang

Mateswari, De

6.87

3.39

1.77

3.13

2.93

5.25

3.21

3.95

3.53

Gauging Station
              

(l/s. km ) 

            

(l/s. km ) 

q90     

(l/s. km²) 

          

(l/s. km ) 
FDCslp (−)

q q q5

² ² ²

50 95

Mat Rotlang

Mat Valley

Tlabung 

Tlawng

Bairabi

Tuirial

Tuichang

Mateswari, De

351.23 69.92 10.44 7.44 6.87

427.55 18.05 0.58 0.38 3.39

194.00 13.03 4.49 2.63 1.77

123.93 66.67 2.71 2.24 3.13

88.37 54.22 34.57 33.03 2.93

23.74 12.62 7.94 7.76 5.25

5451.58 333.97 65.83 49.30 3.95

678.49 51.24 3.91 3.63 3.53
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Figure 3.9 Flow duration curves for nineteen gauged catchments 
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3.10 Stepwise Regression 

The 5-, 50-, 90- and 95-percent-flow duration (q5, q50, q90, q95,) notwithstanding the slope of the flow 

duration curve (FDCslp) which have been evaluated prior for the eight gauging stations had been used as 

dependent variables for regression analysis. Specific high flow discharges qi (l/s/ km2) had been figured 

by using standardizing Qi values through individual catchment areas to make the flow quantile values 

more comparable throughout scales (Table 3.10).  

Table 3.8 Flow quantiles and index of gauged catchments 

 

In the wake of choosing the stream flow parameters (flow quantiles and index) and physiographic 

qualities of the selected gauged catchments, a multiple regression analysis, which is a factual methodology 

for investigating the connection between a structured or dependent and multiple independent (explanatory) 

elements or variables, used to be utilized. The most settled multiple regression conditions rely on linear 

relationships such as a logarithmic equation are also utilized. Equations (3.3) and (3.5) exhibit situations 

of linear non-transformed and linear log-transformed multiple regressions dependent on three independent 

factors. Both non-transformed and log- transformed, which avoids heteroscedasticity and non-typicality 

of the residuals of the regressions, have been utilized in this study. 

𝑌′ =  𝛽0 + 𝛽1𝑋1 + 𝛽2𝑋2 + 𝛽3𝑋3                                                                                              (3.3) 

log(𝑌′) = log (𝛽0) + 𝛽1log (𝑋1) + 𝛽2log (𝑋2) + 𝛽3log (𝑋3)                                                 (3.4) 

 

Equation 3.4 can be rewritten as 

𝑌′ = 10𝛽0 + 𝑋1
𝛽1 + 𝑋2

𝛽2 + 𝑋3
𝛽3                                                                                           (3.5) 

Gauging Station
              

(l/s. km ) 

            

(l/s. km ) 

q90     

(l/s. km²) 

          

(l/s. km ) 
FDCslp (−)

q q q5

² ² ²

50 95

Mat Rotlang

Mat Valley

Tlabung 

Tlawng

Bairabi

Tuirial

Tuichang

Mateswari, De

351.23 69.92 10.44 7.44 6.87

427.55 18.05 0.58 0.38 3.39

194.00 13.03 4.49 2.63 1.77

123.93 66.67 2.71 2.24 3.13

88.37 54.22 34.57 33.03 2.93

23.74 12.62 7.94 7.76 5.25

5451.58 333.97 65.83 49.30 3.95

678.49 51.24 3.91 3.63 3.53
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Where  

Y′ - estimated dependent variable by the regression equation,  

𝛽0 - intercept which is a constant value, and 

βi (i = 1, 2, 3) - regression coefficients which give the effects of the independent variables Xi on the 

dependent variable.  

Regression models had been matched to all gauged catchments for predicting the flow quantiles 

(q5, q50, q90 and q95) and index (FDCslp). This was accomplished depend on the catchment characteristics, 

and in ascending order of the quantity of explanatory variables added using forward stepwise-regression 

procedure. Forward stepwise-multiple regression was completed utilizing the use of the R statistical 

computing software. It was once begun by using a simple linear model for predicting the parameter as a 

consistent value (i.e. beginning with no variables in the model) for each flow parameter. The strategy 

includes an extra explanatory variable (assuming any) to the model at every progression, choosing the 

variable that limits the Akaike information criterion (AIC). AIC is a measure of the relative quality of a 

statistical model (Lindsey and Sheather, 2010). As proven in Figure 3.10, the forward stepwise method is 

repeated till no further decreases in AIC can be acquired. The satisfactory set of explanatory variables 

(catchment characteristics) and the estimates of βi, (with i = 0, 1...., N) for the regression models have 

been analyzed using an ordinary least-squares (OLS) algorithm. 
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Figure 3.10 Flowchart of the forward stepwise regression procedure 

The prediction accuracy of the non-transformed and log-transformed models used to be evaluated 

and analyzed using the R², the mean absolute error (MAE), root mean square error (RMSE) and Nash-

Sutcliffe Efficiency (NSE). Equations for the comparison statistics are shown under. 

𝑅2 =
∑ (𝑥̂𝑖 − 𝑥̅)2

𝑖

∑ (𝑥𝑖 − 𝑥̅)2
𝑖

 

𝑀𝐴𝐸 =
∑ |𝑥̂𝑖 − 𝑥̅|𝑖

𝑁
 

Regression model without any 
explanatory variables

Add one explanatory variable not contain 
in the model to the regression model and 

record significance using AIC

Are any explanatory 
variables untested?

Is the model 'without' additional explanatory variable more 
significant than models 'with' additional variable?Stop

Add the most significant(i.e. least AIC) explanatory 
variable to the regression model

Yes 

No 

No 

Yes 

(3.6) 

(3.7) 
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𝑅𝑀𝑆𝐸 = √
∑ (𝑥̂𝑖 − 𝑥𝑖)2

𝑖

𝑁
 

𝑁𝑆𝐸 = 1 −
∑ (𝑥𝑖−𝑥̂𝑖)

2
𝑖

∑ (𝑥𝑖−𝑥̅)2
𝑖

 

Where, 𝑥𝑖 = observed values 

𝑥̂𝑖 = predicted values 

x = observed mean value 

N = number of catchments 

The corrected Akaike information criterion (AICc) and Leave-one-out cross-validation (LOOCV) 

used to be examined for models’ performance so as to assume about the non-transformed and log-

transformed multi-regression models and furthermore to pick out the most suitable model. AIC is 

asymptotically similar to LOOCV when N is massive (Chen et al., 2013; Simon et al., 2003). Since N is 

significantly less than the total range of explanatory variables (p) regarded in this study, AICc which is 

prescribed when the quantity of observations (N) is below a couple of times the number of parameters 

(Burnham and Anderson, 2002). It is identified with the normal AIC with the aid of 

𝐴𝐼𝐶𝐶 = 𝐴𝐼𝐶 +
2𝑝 𝑋 (𝑁 − 1)

𝑁 − (𝑝 + 1)
 

and 

𝐴𝐼𝐶 = 2𝑝 − 2 ln(𝐿) 

Where, L is the maximized value of the probability work for the evaluated model. AIC values for all 

models were obtained using R programming. 

Leave-one-out cross-validation (LOOCV) is the degenerate case of K-Fold cross-validation, where 

K is chosen as the total number of catchments (N). In this methodology, every gauged catchment was once 

utilized as ungauged and the parameters for that catchment was evaluated from remaining gauged 

catchments. The approach was once repeated for each catchment and the LOOCV was computed for every 

flow parameter as the mean square error using R statistical computing software. While AICc penalizes for 

the extent of explanatory variables and small sample size, AICc and LOOCV do not always prompt a 

comparable model being chosen for a small sample size. Subsequently, LOOCV is given preferences in 

(3.8) 

(3.9) 

(3.10) 

(3.11) 
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this study in model selection on account that all the uncertainty aspects which contain input information 

uncertainty, model uncertainty and parameter uncertainty (Wagener and Montanari, 2011) are consider. 

At the point when a case emerges where two or more models have practically or almost similar LOOCV 

values, the model with the most minimal AICc among them is chosen provided it has the least quantity of 

explanatory variables.  

In regards to the physical connections between physiographic and climatic variables, a prior 

knowledge is required for assessing the magnitude of the explanatory variables identified for anticipating 

the different stream flow parameters. Unfortunately, these connections are not defined properly at 

catchment scale. Sefton and Howarth (1998) expressed that the identified connections are simply genuine 

even though forward stepwise regression evaluation can distinguish the physiographic and climatic factors 

that are good predictors of the stream flow parameters. A portion of these connections may essentially be 

an accident of the records even though it is measurably significant. While a few connections may also 

have solid physical significance, others would possibly be replacement predictors or may represent 

process interactions which cannot be clarified by current knowledge of the connections between 

hydrological processes and parameters controlling them at the catchment scale (Mohamoud, 2008). 
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Chapter 4  

Results and Discussions 

4.1 General  

Regression models had been fit to all nineteen gauged catchments for predicting the flow quantiles (q5, 

q50, q90 and q95) and index (FDCslp). Forward stepwise-multiple regression procedure was carried out 

utilizing the use of the R statistical computing software. Non-transformed regression model and log-

transformed regression model were utilized. The log- transformed model had been analyzed into two 

different cases as case 1 and case 2. Both the non-transformed and log-transformed model had been 

evaluated and analyzed using the R², MAE, RMSE and NSE. The AICc and LOOCV had been used to 

examined the models’ performance. The details of the analysis are as follows. 

4.2 Non-transformed regression model 

All catchment parameters and climatic variables were tested using non-transformed stepwise-regression 

model. Following equations (4.1, 4.2, 4.3, 4.4 and 4.5) were obtained giving good correlation: 

q5 = -132655.67 + {(2344.21*PREC) + (1727.43*Cs) + (-31.6*H+) + (15.27*Cp) + (34196.71*ETpot) + 

(36.52*LFB} 

q50 = 1599.69641+ {(-145.89588*PREC) + (-0.01388 *Cp) + (0.6573*H-) + (37.2837*LP) + (-

331.17045*ETpot) + (-774.054021*D)} 

q90 = 148.66533 + {(-24.78282*PRE) + (-0.01225*CP) + (-1.36344*LFB) + (12.53052*ETpot ) + 

(-0.01651*Hm)} 

q95 = 49.07294+ {(-16.57272*PRE) + (-0.009431*CP) + (-1.077878*LFB) + (33.67687*ETpot ) + (-

0.028048*Hm)} 

 

FDCslp = 33.197935+ {-0.0001956*A + (-9.6729102*ETpot) + (-0.6469209*LS) + 0.0147826*Hm +  

(-0.01029*CP)} 

 

(4.1) 

(4.2) 

(4.3) 

(4.4) 

(4.5) 
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The foremost non-transformed stepwise-regression model for each flow parameter was chosen 

based on LOOCV. In the event that if a case emerges whereby at least two models have basically the 

identical as LOOCV values, the model with the most decreased AICc among them is chosen in the event 

that it additionally has the lowest range of explanatory variables. For predicting high flows (q5), it was 

perceived that precipitation (PREC), potential evapotranspiration (ETpot), catchment slope (Cs), percent 

of forest bamboo (LFB), maximum elevation (H+) and catchment perimeter (Cp) are the explanatory 

variables. For median flow (q50), it was perceived that precipitation (PREC), potential evapotranspiration 

(ETpot), percent of plantation (LP), catchment perimeter (Cp), drainage density (D) and mean elevation 

(Hm) are the dominant explanatory variables. In low flows (q90 and q95) prediction, precipitation (PREC), 

percent of forest bamboo (LFB), catchment perimeter (Cp), mean elevation (Hm) and potential 

evapotranspiration (ETpot) come into view in the stepwise model.  

The significant explanatory variables for estimating the slope of flow duration curve (FDCslp) 

using non-transformed model uses catchment area (A), mean elevation (Hm), potential evapotranspiration 

(ETpot), percent of settlement (LST) and catchment perimeter (Cp). For each model, NSE, MAE, RMSE, 

R², AIC, AICc and LOOCV were obtained and shown in Table 4.1.  

The non-transformed ordinary least square regression models developed was build up on the 

assumptions that the residuals (predicted minus observed) are autonomous, homoscedastic and typically 

dispersed. Since non-transformed linear regression models frequently show heteroscedasticity (Viglione 

et al., 2007; Vezza et al., 2010), logarithmic changes have been utilized on all stream flow parameters and 

explanatory variables to stay away from heteroscedasticity and non-normality of the residuals of the 

regressions. 
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Table 4.1 Summary of Non-transformed Regression models 

 

 

 

 

 

 

 

 

Non-transformed Regression models

Parameters Explanatory Variables NSE NSE adj MAE RMSE AIC AICc R² LOOCV

PREC

PREC

q5

q50

q90

q95

FDCslp

PREC, ETpot , C , Cs, H+, LP FB 0.90 0.86 470.73 535.75 111.43 113.66 0.90 39888244.00

PREC, L , ETpot, Cp,Hm, D 0.60 0.41 51.15 62.91 17.52 19.75 0.60 4321965.00

, L , Cp, Hm, ETpot 0.47 0.28 0.00 15.48 -6.2 -4.13 0.47 10953.22

, L , Cp, Hm, ETpot 0.44 0.24 9.69 12.53 -46.92 -44.85 0.44 7524.47

A, ETpot, L  H C 0.88 0.83 0.43 0.52 -119.36 -117.29 0.88 11.54

P

FB

FB

S, m, P
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4.3 Log transformed regression model 

The best log-transformed stepwise-regression model for each flow parameter were obtained as in 

equation 4.6, 4.7, 4.8, 4.9 and 4.10 as follows: 

q5 = -13.6738 + {(4.39712*PREC) + (-0.28202*D) + (0.06638*A) + (8.13911*ETpot) + (-1.7988*LS)} 

       

q50 = -24.57916 + {(1.65366*PREC) + (-0.62869*H-) + (21.94916 * ETpot ) + (0.03326 *A) +               

(-1.27055 *LS)} 

 

q90 = -5.93 + {( -12.975 *PREC) + (-2.51 *D) + (2.239 *A) + (48.569 *ETpot) + (-7.989 *Hm) + (4.4 

*LFD) + (-2.056 *LS)} 

 

q95 = -10.372+ {(-11.763*PREC) + (-2.047*D) + (1.874*A) + (52.687*ETpot) + (-10.522*Hm) + 

(4.54*LFD) + (-1.821*LS)} 

 

FDCslp = -33.7426+ {(-7.2185*PREC) + (-0.6758*D) + (3.9165*ETpot) + (5.0157*Hm) + (-0.7794*A) + 

(2.2241*CP)} 

 

The best log transformed stepwise-regression model for each flow parameter was chosen on the 

basis of LOOCV.  

For high flows (q5), it was observed that precipitation (PREC), potential evapotranspiration 

(ETpot), drainage density(D), catchment area (A) and percent of Scurbland (LST) area are the explanatory 

variables. For median flow (q50), precipitation (PREC), minimum elevation (H-), potential 

evapotranspiration (ETpot), catchment area (A) and percent of Scurbland (LST) were observed as the 

dominant explanatory variables. For low flows (q90) prediction, precipitation (PREC), drainage 

density(D), mean elevation (Hm), potential evapotranspiration (ETpot), percent of forest dense (LFD), 

catchment area (A) and percent of Scurbland (LST) appears in the stepwise model. And for low flows (q95), 

precipitation (PREC), drainage density(D), mean elevation (Hm), potential evapotranspiration (ETpot), 

(4.6) 

(4.7) 

(4.8) 

(4.9) 

(4.10) 
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percent of forest dense (LFD), catchment area (A) and percent of Scurbland (LST) are the dominant 

explanatory variables.  

The significant explanatory variables for estimating the slope of flow duration curve (FDCslp) 

using log-transformed model are mean elevation (Hm), precipitation (PREC), drainage density (D), 

catchment perimeter (Cp), catchment area (A) and potential evapotranspiration (ETpot). For each model, 

NSE, MAE, RMSE, R², AIC, AICc and LOOCV were obtained and shown in Table 4.2. Precipitation 

(PREC), potential evapotranspiration (ETpot) and catchment area (A) was observed as the dominant 

explanatory variables for all flow quantiles while elevation characteristics and land cover had the most 

significance for FDCslp prediction. It can be seen that different land cover type contribute to the 

explanatory variable which increase the efficiency value. 
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Table 4.2. Summary of Log-transformed Regression models  

 

 

 

 

 

 

 

Log-transformed Regression models

Parameters Explanatory Variables NSE NSE adj MAE RMSE AIC AICc R² LOOCV

PREC

PREC

PREC

PREC

PREC

q5

q50

q90

q95

FDCslp

, ETpot, D, A, Ls 0.99 0.99 77.59 170.80 -101.1 -99.03 0.99 0.19

, A, ETpot, Hmin, L 0.91 0.88 0.217 0.30 2.39 2.35 0.91 2.82

, Hm, D, Etpot, L 0.81 0.70 5.27 9.23 -77.06 -74.64 0.90 50.61 

, Hm, D, Etpot, L 0.99 0.98 0.01 0.02 -58.27 -55.85 0.99 0.02

, C , C , L , H , A 0.94 0.92 0.07 0.09 -129.51 -127.28 0.94 0.10

T

ST

ST, FD, A

ST, FD, A

S P

L

L

FB Max
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4.4 Discussion & Selection of regression model 

The non-transformed and log-transformed models’ performances (in terms of LOOCV) was used for 

making ultimate selection of the normal best-performing regression models. LOOCV values had been 

usually smaller for log-transformed models than for non-transformed models and therefore log 

transformed model was selected. Models with more explanatory variables normally will have higher fit 

among predicted and observed values (in phrases of greater R² and NSE, and even decrease MAE and 

RMSE), meanwhile it does not generally recommend that the addition of extra variables improves the 

predictive performance of models (Kokkonen et al., 2003). Regardless of the way that R² and NSE are 

considerably used in numerous studies, their inclination to choose models with extra variables makes them 

less suitable for prediction than either AICC or LOOCV. 

The stepwise regression analysis recognized precipitation (PREC), drainage density (D), potential 

evapotranspiration (ETpot), catchment area (CA) and percent of settlement (LST) as the general satisfactory 

predictors for q5. The controlling element of excessive flow response of the catchments is the flow 

concentration process and runoff which is explained with the aid of the determination of D as the 

explanatory variable. This looks sensible and can be defined through way of the reality that in order to 

make the values more comparable across scales, particular excessive flow discharges q5 (l/s/km²) had been 

computed through standardizing q5 values with the aid of respective catchment areas. As expected, the 

correlation between q5 and D is effective which justify the high D (which additionally depends upon on 

soil permeability and underlying rock type) and excessive q5 that is decided in uneven areas and 

catchments with high vary elevation. The percentage of settlement has a negative correlation (r = -1.79) 

which have an effect on the permeability thus contributing to excessive runoff. Precipitation and a soil 

permeability are also included in the power law regression model for predicting peak flows in a 

comparable study made by Laio et al. (2011). ETpot (r = 8.13) which is also considered as a controlling 

water fluxes at the land surfaces of the catchments additionally identified as the significant variables. 

The log-transformed model for q50 gave the satisfactory explanatory variable as precipitation 

(PREC), minimum elevation (H-), potential evapotranspiration (ETpot), catchment area (CA) and percent 

of settlement (LST). Small catchments have much less storage in with high drainage density and minimum 

elevation due to excessive surface runoff and rapid drop in water table (Rastogi, 1988; Paniconi et al., 

2003) which have an impact in fast draining in the catchments.  

The satisfactory model for predicting q90 and q95 had been the log-transformed model. The climate 

and physiography of the catchments effect low flow conditions. The identified as the significant variables 
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were precipitation (PREC), drainage density(D), mean elevation (Hm), potential evapotranspiration 

(ETpot), percent of forest dense (LFD), catchment area (A) and percent of Scrubland (LST) which are 

controlling water fluxes at the land surfaces of the catchments in dry seasons when there is little 

precipitation and high evaporation rates. A comparable report for low-flow evaluation (Flynn, 2003; 

Wright and Ensminger, 2004) additionally utilized catchment and climatic characteristics, for example, 

slope and mean annual precipitation. The effective relationship between precipitation and low flows (q90 

and q95) in the model is self-evident. There are different methods for storing water in the catchment, for 

example, in groundwater frameworks, in soil, in lakes, and so on that is discharged at various occasions 

to the streams and waterways. The impact of a combination of mean elevation (Hm), percent of forest 

dense (LFD) and percent of Scrubland (LST) had been successfully portray a catchment's attributes, which 

have an impact on the streamflow routine and in this manner assuming a significant role on q90 and q95 

forecast. 

The log-transformed model had been selected as the satisfactory model for predicting the slope of 

flow duration curve (FDCslp). The most significant variables identified for the regionalization of FDCslp 

are mean elevation (Hm), precipitation (PREC), drainage density (D), catchment perimeter (Cp), 

catchment area (A) and potential evapotranspiration (ETpot). As indicated by Castellarin et al. (2013), 

contemporary research on predictions of flow duration curves rely drastically on measurable techniques, 

and furthermore topographic elevation (in mountainous areas) is amongst the most regularly utilized 

indicators of the slope and structure of FDCs. In this study, both Hm and CP are positively correlated to 

FDCslp which affects catchment reaction time being a bigger catchments stream flow for a greater amount 

of the time. Along these lines, the applicability of Hm can be ended up being sensible if assumption is 

made that the FDC slope likely decreases with the region of the catchment due to the fact of larger storage 

capacities. Not surprisingly, the regression model shows greater FDCslp for catchments with higher 

drainage density (D) since there will be arrival of water to streams and waterways in the midst of low-

stream periods. Potential evapotranspiration (ETpot) has a positive exponent that can be depicted through 

the FDC response to vegetation. Schofield (1996) and Vertessy (2000) additionally found practically 

indistinguishable outcomes that in some Australian catchments, deforestation prompted a fast increment 

of the groundwater table, and related groundwater stream which brought about huge increments in low 

stream flows. 

The developed models utilized in assessing the coefficients of regression are confined to the study 

area and to the extents in the estimations of the gauged catchment characteristics. A full of uncertainties 
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remains for utilizing the models to assess stream flow parameters of ungauged catchments as the precision 

of the evaluations may diminish on account of the excessive spatio-temporal heterogeneity of geography 

and land cover characteristics in the region. For example, the percentage of forest dense (LFD) may be very 

large or small in an ungauged catchment as compared with the gauged catchments percent of LFD that is 

used in the regression analysis. The regression model would not distinguish the impact of extrapolation if 

LFD is not chosen as an explanatory variable in the stepwise methodology while exchanging the data to 

the ungauged catchment. In this way, a caution ought to be taken while assessing the ungauged catchments 

of interest to see whether the regression models are appropriate for their purpose. Furthermore, new 

regression models must be built up each time for their intended used so as to apply the strategy to different 

places around Mizoram or whatever other spots which have comparative climate and landscape. Better 

quality information and more well-gauged stations may additionally supply specific estimates with much 

less uncertainty (Snelder et al., 2013).  

4.5 Assessment of flow parameter and environmental flows in ungauged catchments 

The predictions of flow parameter in ungauged catchments had been assessed (Figure 4.1- 4.3). Each 

figure makes use of the identical intervals for comparing the flow quantiles. The general “best” regional 

regression model predicted for flow parameter is shown in the figure. The assessment of q5 and q50 in 

ungauged catchments shows that a larger predicted value found to be increased west to east side. This is 

because, in most cases and being the most considerable explanatory variable, precipitation increases west 

to east. The state has a higher amount of rainfall and is quite normally distributed. Streamflow is greatly 

reduced during dry seasons, by means of evapotranspiration from the forest, agricultural land etc., that 

retain water from the soil and the groundwater system that diminishes baseflow and furthermore vanishing 

from waterbodies. The assessment of low flows i.e. q95 which is the environmental flows, demonstrates a 

decreasing trend affecting agriculture and others which is having higher drainage density mostly 

mountainous. The catchment or region with low lying areas have an impact on local subsurface stream 

flow system that are adding to baseflow.  
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Figure 4.2 Assessment of flow parameter of q50 for 

ungauged catchments 

 

Figure 4.1 Assessment of flow parameter of q5 for 

ungauged catchments 
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Figure 4.3 Assessment of flow parameter of q95 (Environmental flows) for ungauged catchments 
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Chapter 5  

Conclusions, Limitations, Challenges and Future scope of work 

The magnitude of water resources scarcity or abundance and its imbalance in both space and time are 

largely unknown in the study area of gauged and ungauged catchment. A case study of the ungauged 

catchment of Mizoram state was undertaken to assess flows. The catchment characteristics, flow 

quantiles and the flow duration curve of the gauged catchments were assessed. Eight gauged 

catchments and Nine ungauged catchments were selected. Climatic classification was carried out using 

Budyko curve. The analysis shows that all the gauged catchments are in the wet category with aridity 

index value ranges between 0.53 and 0.69 having similar evaporative indices (between 0.40 and 0.57). 

This implies closeness or similarity of climate in the catchments with regards to relative water and 

energy accessibility. In this way, all the eight gauged catchments have been chosen as the donor 

catchments and their geomorphological and hydrometeorological parameters were passed on from 

these catchments to the nine ungauged catchments. 

The 5, 50, 90 and 95 percent flow duration (i.e., q5, q50, q90 and q95), and also with the flow 

duration curve (FDCslp) of the eight gauged catchments were estimated. A regression model was once 

developed for every parameter utilizing a forward stepwise-regression system and with the aid of 

considering non-transformed and log-transformed equations. As prediction of the parameters in 

ungauged catchments is the point of the study, leave-one-out cross validation (LOOCV) was utilized 

as the basic criteria for selecting the best performing models. 

The outcomes demonstrated that the log-transformed models outperformed the non-

transformed models. Climate, physiographic and land cover descriptors have been considered to study 

effect on the hydrology of the study region by means of utilizing the log-transformed models. Mean 

annual precipitation has all the earmarks of being the most significant climate descriptor for all stream 

flow quantiles. River/drainage density, mean elevation, minimum and maximum catchment elevation, 

catchment area and perimeter were included in the dominant physiographical descriptors for the flow 

parameters. The identified dominant land cover descriptors had been the percentages of forest dense 

and settlement. 

It is also seen that models with increasingly more explanatory variables in many instances will 

in general have better fit amongst predicted and observed values (in terms of greater R² and NSE, and 

lower MAE and RMSE), but does not actually improves the performance of models. 

The assessment of q5 and q50 in ungauged catchments shows that a larger predicted value found to be 

increased west to east side even though the state has a higher amount of rainfall and is quite normally 

distributed. The assessment of low flows i.e. q95 which is the environmental flows, demonstrates a 
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decreasing trend affecting agriculture and others which is having higher drainage density mostly 

mountainous. The catchment or region with low lying areas have an impact on local subsurface stream 

flow system that are adding to baseflow.  

 

Limitations and Challenges 

1. The developed regression models are only confined to the study area and the gauged catchment 

characteristics. A new regression models must be built up each time for their intended used so as to 

apply the strategy to different places having a comparative climate and landscape.  

2. Weather variables obtained from gridded data are used as regression parameters for estimation of 

flows in ungauged catchments. Weather variables obtained from station data might increase the 

accuracy in estimation of flows. 

3.Accuracy of estimation of flows increases with increase in number of gauged or observed stations. 

The available discharge data is irregular and is not continuous. 

4. The accuracy and dependability of available discharge data obtained from CWC is not examined 

and is of short duration. 

5. In most EFAs, surface water and groundwater resources are assessed separately. However, these 

systems are usually interlinked. Further, the changes in land-use land-cover and ground water 

withdrawals impact river flows. Thus, ideally all these aspects should be jointly considered but 

currently very few models have the capability to accomplish this task. At the same time, data required 

for such applications are not always available and thus integration of all these aspects in EFs is 

challenging. 

Future scope of work 

• Improving the predictability of the model for prediction of changes i.e. acquiring soil properties 

data from an experimental site and forcing them into the regression equations instead of using 

statistical selection methods such as stepwise, and attempt to distinguish the influence of land use 

change from climate change. However, this might be possible only when more data are available. 

• Collection of reliable continuous discharge data of the rivers and hydro-meteorological data within 

the state for management of water resources in the state. 

• Improving the prediction of flows by incorporating with reliable continuous discharge data that 

will be collected by IWRD. 
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• Comparison of the model output with the discharge data that will be collected and improvement of 

the model thereof.  

• Establishment of a state-of-the-art hydro-meteorological stations. 

• Water from the rivers is being used for various uses. It is not possible to undo the developments 

and return to the conditions that existed. Hence, the attempt should be to develop flow regimes that 

is feasible and provides desired benefits. 
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