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Linked indicator and response curve Explanation 

 

Delayed onset will affect cues for emergence/laying 

eggs 

 

The absence of a wet period will not provide the cues 

needed for hatching of eggs.   Sufficient wet season 

duration is required to provide time for eggs to mature 

and hatch. 

 

Fine sediments are difficult to attach to, EPT will do 

better with a more armoured bed to a point beyond 

which they will decline again.. 

 

EPT eat algae. 

 

 

Table 7.7 Snow trout - S. richardsonii 

Linked indicator and response curve Explanation 

 

Lower flows = lower water levels, low temperatures as a 

result of lack of buffering. Can tolerate low temperatures 

and high turbidity. Field surveys in winter recorded 

temperatures of around 8oC, and air temperatures around 

8-9oC. 
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Linked indicator and response curve Explanation 

 

The snow trout breeds during summer season from 

May to August (Negi 1994). By this time of the year, 

the fish eggs reach to its final stage of maturity 
provided the aquatic system provides sufficient food 

required for proper development of eggs.  Once the 

eggs reach to their final stage of maturity, the fish is 
ready to spawn under various triggers like the 

snowmelt, rise in water temperature, comparatively 

higher turbidity level, swelling of rivers, creation of 
side channels etc. mainly linked with the monsoon 

rains and snow melt in the upper reaches of the 
Himalayan rivers (Rafique and Qureshi 1997). The 

breeding triggers, however, should coincide with the 

maturity of eggs in the ovary of fish for successful 

spawning. 

Early onset of the flood season (a month before the 

median) is predicted to lead to better food availability 
early in the season, which would help the proper 

development of eggs leading to improved breeding.   

In years when there is a delayed onset of the flood 

season, it is predicted that the fish would have mature 
eggs but could miss the necessary triggers for 

breeding.  Eggs could perish within the fish and be 
reabsorbed.  Failure of the flood season would mean 

that breeding habitats in the side channels do not 

become available, resulting in the failure of breeding. 

 

Lower flows in the wet season = lower water levels: may 

result in higher water temperatures as a result of lack of 

buffering. Can tolerate a range of water temperatures 8°C 

to 22°C (Sharma, 1989) [optimal temperature 15-16°C].  

Field surveys in summer recorded temperatures of around 

14-16oC. 

 

Prefer breeding habitat is side streams and back waters 

with gravel, rocky, cobbly bed. Pools and crevices 

preferred for wintering. Expanding sand and gravel bars 

will deteriorate habitat quality (pools and riffles). 
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Linked indicator and response curve Explanation 

 

The fish favour areas with gravel and algae.  Gravel 

beds, free of fine sediment, provide habitat for attached 

algae and are the feeding and breeding grounds for 
snow trout.  Armouring would increase the availability 

of food for this fish, while fine sediment in the bed 

would reduce the area available for algal growth 

(Talwar and Jhingran 1991; Raina and Petr 1999). 

With decreasing particles size, there would be a higher 

chance of embeddedness of the spawning areas. The 
smaller particles fill the interstitial spaces and make it 

hard for attached algae to grow on the gravely and 

cobble bed resulting in less fish food production and 

hence a considerable decrease in fish population.  

Accumulation of larger particles in the river bed 

(armouring) result in a growth of attached algae which 

is food for the fish. It also becomes the breeding 
habitat for fish as it prefers the gravely and cobble bed 

for breeding.  Consequently, the armouring of the bed 

results in a modest increase in fish population. 

 

 

 

Snow trout are omnivorous and feed on algae and 

aquatic invertebrates (mainly EPT; Raina and Petr 

1999).  Its mouth is adapted to scraping algae from stones 

(Rai et. al. undated)). 

 

Snow trout are omnivorous and feed on algae and 

aquatic invertebrates (mainly EPT; Raina and Petr 
1999).  They are opportunist feeders and their 

dependence on invertebrates varies depending on the 
season and stage of maturity. In years with low EPT 

productivity, the fish would have less invertebrate food 

and the population would be compromised (Jhingran 

1991).  

In years with high EPT productivity, all age classes of 

fish would have better growth and fattening for 
overwintering and a high fecundity rate, which would 

lead to overall higher numbers. 

 

Alsa migrates to Site 2 from downstream 
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Linked indicator and response curve Explanation 

 

Alsa migrates to Site 2 from upstream 

 

Alsa migrates to Site 2 from the Mailun tributary 
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8 Scenarios 

The Upper Trishuli-1 EFlows assessment comprises consideration of a series of design and 

operational scenarios for the proposed Upper Trishuli-1 HEP against a 2016 Baseline.  

 

The scenarios include permutations of:  

i. Operating rules – different levels and patterns of EFlows releases 

ii. Fish passages – presence/absence of fish passages.  

 

The option of including permutations of sediment maintenance rules were considered but 

excluded because the EFlows team was assured by the Client that the sediment regime 

upstream and downstream of Upper Trishuli HEP would remain at baseline levels1.   

 

Eleven scenarios were selected for assessment as summarised in Table 8.1.  

 

Table 8.1 Scenarios selected for assessment 

# Code Description Fish Passage 

1 Base-2016 - - 

2 10_MeanM_NoFP 10% of mean baseline monthly flow No 

3 10_MinM_NoFP 10% of minimum baseline monthly flow No 

4 30_MinM_NoFP 30% of minimum baseline monthly flow No 

5 20_MeanM_NoFP 

30_MinM, except : 20% of baseline dry season mean monthly flow (10.60 

m3/s) until calendar week 22 (end May) and after week 44 (end October), 

unless 30_MinM was higher. 

Aim: Test a higher dry season flow, as Scenarios 2, 3, and 4 all had very 

low flows and severe effects. 

No 

6 202_W_noFP 

30_MinM, except if 30_MinM was below 202m3/s (The T1/W threshold) 

between weeks 26 (end June) and week 40 (beginning October), in which 

case 202m3/s was supplied. 

Aim: To test the ameliorating effects of a less severely shortened wet 

season 

No 

7 10_MeanM_FP 10% of mean baseline monthly flow Yes 

8 10_MinM_FP 10% of minimum baseline monthly flow Yes 

9 30_MinM_FP 30% of minimum baseline monthly flow Yes 

10 20_MeanM_FP 

30_MinM, except : 20% of baseline dry season mean monthly flow (10.60 

m3/s) until calendar week 22 (end May) and after week 44 (end October), 

unless 30_MinM was higher. 

Aim: Test a higher dry season flow, as Scenarios 2, 3, and 4 all had very 

low flows and severe effects. 

Yes 

11 202_W_FP 

30_MinM, except if 30_MinM was below 202m3/s (The T1/W threshold) 

between weeks 26 (end June) and week 40 (beginning October), in which 

case 202m3/s was supplied. 

Aim: To test the ameliorating effects of a less severely shortened wet 

season 

Yes 

 

 

                                                 
1 This is an important assumption as it is rare that in-channel weirs have no effect on the downstream movement 

of suspended or bedload sediments, and changes in sediment supply can be a major cause of impact to rivers 

downstream of dams and weirs. 
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8.1 Assumption for barriers to fish 

The influence of the Upper Trishuli-1 HEP weir and reservoir on Asla populations at the 

various sites is partially attributable to the barrier created to the movement of fish between 

breeding and feeding areas, or between the main steam and tributaries. To account for this 

influence, the DRIFT DSS considered the influence of Upper Trishuli-1 HEP on the 

movement of Asla snow trout between the EFlows sites.  

 

Within the DRIFT DSS, the barrier effect of water resource developments is modelled 

through specifying percentage reductions (or increases) in the “connectivity” between one site 

and another.  Connectivity effects are specified per indicator.  For the purposes of illustrating 

potential impacts of fish passage the following applied: 

 With UT weir in place and no fish passage: 100% reduction in both upstream and 

downstream connectivity for S. richardsonii 

between Site1 and Site2. 

 With UT weir in place with a fish passage: 50% reduction in both upstream and 

downstream connectivity for S. richardsonii 

between Site1 and Site2. 

 

The change in connectivity that was modelled in DRIFT does not imply that this level is 

achievable. 

 

The impact of the barrier on fish is dictated by a combination of migration success and 

dependence on migration.  For instance, a population of fish may depend on getting past a 

barrier in order to access spawning / breeding grounds, and there may be no other location 

where the fish breed: this population would be highly dependent on migration. 
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9 Results of scenario analyses 

For each scenario, the predicted changes in the river ecosystem are evaluated per site as: 

1. estimated mean percentage change from baseline in the abundance, area or 

concentration of key indicators, and; 

2. a time-series of abundance, area or concentration of key indicators under the flow 

regime resulting from each scenario. 

 

Site 1 is not affected by flow changes as a result of Upper Trishuli-1 HEP, but depending on 

the scenarios, they may be affected by the barrier effect of the Upper Trishuli-1 Weir.  

Similarly Sites 3 and 4 (on the Mailun Tributary) are not affected by flow changes as a result 

of Upper Trishuli-1 HEP, but may be affected by the barrier created by the weir. Site 2 is 

expected to be affected by flow changes as a result of Upper Trishuli-1 HEP, plus by the 

barrier created by the weir.  

 

9.1 Site 12 

9.1.1 Characteristics of the flow regime of each scenario at Site 1 

The main characteristics (median values) of the flow regimes associated with each of the 

scenarios are summarised in Table 9.1.  

 

If constructed, Upper Trishuli-1 HEP would not affect flows or sediment supply at Site 1. 

Thus, all the scenarios have the same flow regime at Site 1. 

 

Table 9.1 Characteristics of the baseline flow regime at Site 1. Median values are given for the 

flow indicators. 

Flow indicators Units Baseline 

Mean annual runoff m3/s 177.33 

Dry season onset week 44.00 

Dry season duration days 204.00 

Min 5d dry season Q m3/s 35.52 

Wet season onset week 24.00 

Wet season duration days 112.00 

Max 5d wet season Q m3/s 653.44 

Flood volume MCM 3947.17 

Dry season ave daily vol MCM 4.68 

T1 ave daily vol MCM 12.88 

Wet season ave daily vol MCM 36.06 

T2 ave daily vol MCM 11.74 

T2 recession slope - -3.52 

 

 

                                                 
2  Site 1 is upstream of dam/weir site 
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9.1.2 Mean percentage changes 

The mean percentage changes (relative to Baseline) for the indicators for each scenario at 

Site 1 are given in Table 9.2. 

 

Table 9.2 Site 1: The mean percentage changes (relative to Baseline, which equals 100%) for 

the indicators for each scenario. Change representing an improvement in condition 

relative to baseline is marked in green3. Change representing a decline in condition 

relative to baseline is marked as follows: Orange = change >40-70%; red = change >70%. 
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Geo-

morphology 

Bedload inflows 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Suspended Sediment inflow 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Suspended sediment load -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 

Exposed sand and gravel bars 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 

Exposed cobble and boulder bars 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 

Median bed sediment size 

(armouring) 
-0.7 -0.7 -0.7 -0.7 -0.7 -0.7 -0.7 -0.7 -0.7 -0.7 

Area of secondary channels and 

back waters 
0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 

Algae Algae 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 

Macro-

invertebrates 
EPT abundance -3.9 -3.9 -3.9 -3.9 -3.9 -3.9 -3.9 -3.9 -3.9 -3.9 

Fish Snow trout: S. richardsonii -92.0 -92.0 -92.0 -92.0 -92.0 -49.8 -49.8 -49.8 -49.7 -49.7 

 

 

The results indicate that the fate of the snow trout population upstream of the Upper Trishuli 

River is largely dependent on the efficacy of the fish passage provided in facilitating 

movement of these fish from their over-wintering areas downstream of Upper Trishuli-1 HEP 

to their breeding areas upstream.  Provided this passage will allow 50% of the mature 

migrating fish up past the weir and through the reservoir, and adults and juveniles back down 

through the reservoir and down past the weir, then the Asla are expected to survive upstream 

of Upper Trishuli-1 HEP.4 

 

9.1.3 Overall Integrity 

The Overall Integrity for each of the scenarios at Site 1 is illustrated in Figure 9.1. Given that 

the trout would survive at Site 1, the impact on overall integrity is expected to be minor 

provided there is a fish passage that allows for 50% of both upstream and downstream 

migrants to pass Upper Trishuli HEP.   

 

                                                 
3 These predictions report the last 10 years of the hydrological record used as the basis for scenarios. 

4 But see comment on rainbow trout in Section 11.1 
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Figure 9.1 Overall ecosystem integrity scores for the scenarios at Site 1. 

 

 

9.2 Site 25 

9.2.1 Characteristics of the flow regime of each scenario at Site 2 

The main characteristics (median values) of the flow regimes associated with each of the 

scenarios are summarised in Table 9.3.  

 

Table 9.3 Characteristics of the baseline and scenario flow regimes at Site 2. Median values 

are given for the flow indicators. 

 

Units 
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Mean annual runoff m3/s 177.33 116.87 116.22 117.58 119.73 119.46 

Dry season onset week 44.00 41.00 41.00 41.00 41.00 41.00 

Dry season duration days 204.00 243.00 243.00 243.00 243.00 243.00 

Min 5d dry season Q m3/s 35.52 3.88 3.88 3.88 10.60 3.88 

Wet season onset week 24.00 25.00 25.00 25.00 25.00 25.00 

Wet season duration days 112.00 91.00 91.00 91.00 91.00 99.00 

Max 5d wet season Q m3/s 653.44 577.44 577.44 577.44 577.44 577.44 

Flood volume MCM 3947.17 3012.46 3012.46 3012.46 3012.46 3147.06 

Dry season ave daily vol MCM 4.68 1.29 1.21 1.39 1.68 1.37 

T1 ave daily vol MCM 12.88 15.01 15.01 15.01 15.01 15.53 

Wet season ave daily vol MCM 36.06 33.27 33.27 33.27 33.27 31.50 

T2 ave daily vol MCM 11.74 11.83 11.83 11.83 11.83 11.53 

T2 recession slope - -3.52 -6.00 -6.00 -6.00 -6.00 -9.51 

 

                                                 
5 Site 2 is in the dewatered zone 
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9.2.2 Mean percentage changes 

The mean percentage changes (relative to Baseline) for the indicators for each scenario at 

Site 2 are given in Table 9.4. 

 

The values provided in Table 9.4 are for the year round population of S. richardsonii, which 

means that they are fairly severe.  This is almost wholly due to the low dry season releases for 

this 12 km reach of river, which negatively affects habitat availability and food supply.  As 

already reported (Section 4), there was some suggestion at the outset of this study that the 

trout would have migrated downstream from this section at the onset of winter to avoid the 

cold temperatures, but that they were in fact recorded here in this and other studies.  It is, 

however, likely that, with the decrease in winter low flows as a result of Upper Trishuli-1 

HEP, the snow trout will in fact vacate this reach in winter; i.e. migrate downstream for the 

winter months, provided such migration is possible, i.e., is not blocked by other HEPs.  

 

Table 9.4 Site 2: The mean percentage changes (relative to Baseline, which equals 100%) for 

the indicators for each scenario – assuming S. richardsonii is resident at Site 2 year-

round. Change representing an improvement in condition relative to baseline is marked 

in green6. Change representing a decline in condition relative to baseline is marked as 

follows: Orange = change >40-70%; red = change >70%. 
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Geo-

morphology 

Bedload inflows 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Suspended Sediment inflow 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Suspended sediment load -16.2 -16.2 -16.2 -16.2 -9.6 -16.2 -16.2 -16.2 -16.2 -9.6 

Exposed sand and gravel bars 8.4 8.7 8.2 7.5 7.5 8.4 8.7 8.2 7.5 7.5 

Exposed cobble and boulder bars 19.1 19.4 18.8 18.0 15.5 19.1 19.4 18.8 18.0 15.5 

Median bed sediment size 

(armouring) 
-10.0 -10.3 -9.7 -8.8 -9.8 -10.0 -10.3 -9.7 -8.8 -9.8 

Area of secondary channels and 

back waters 
-77.0 -79.4 -74.9 -68.7 -75.4 -77.0 -79.4 -74.9 -68.7 -75.4 

Algae Algae 8.1 8.0 8.1 10.1 7.9 8.1 8.0 8.1 10.1 7.9 

Macro-

invertebrates 
EPT abundance -49.1 -49.1 -49.1 -41.8 -44.7 -49.1 -49.1 -49.1 -41.8 -44.7 

Fish Snow trout: S. richardsonii -85.2 -86.0 -84.6 -68.3 -83.9 -82.0 -82.8 -81.4 -64.3 -80.7 

 

 

A key factor for Site 2 is that the Upper Trishuli-1 HEP, provided it is operated as indicated 

by the scenarios, is not expected to impinge of the onset of the wet season (~1 week delay 

expected; see Table 9.3).  This means that it is not expected to seriously disrupt the migration 

cues for the snow trout, which, as far as is known, are a combination of flow, sediment and 

                                                 
6 These predictions report the last 10 years of the hydrological record used as the basis for scenarios. 
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temperature cues (e.g., Jhingran 1991; Welcomme 1985; Sunder 1997).  Thus, if fish do 

migrate out of the Site 2 reach in winter, they should migrate back up in the spring. 

 

Other important findings are: 

 increasing the dry season low flow release from Upper Trishuli-1 HEP (i.e., 

20_MeanM_FP) will result in a ~14% improvement in the outcome of the snow trout at 

Site 2; 

 reducing the impact on onset and duration of dry season, through provision of T1/W and 

W/T2 at 202m3/s seasonal cusps (i.e., 202_W_FP) improves the predicted outcome for the 

snow trout by ~7%. 

 

If the assessment is run assuming that, under baseline conditions, the snow trout migrate away 

from Site 2 in the cold winter months, then the predicted outcomes are those shown in Table 

9.5. 

 

Table 9.5 Site 2: The mean percentage changes assuming S. richardsonii migrates downstream 

and away from Site 2 in the winter 
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Fish Snow trout: S. richardsonii -38.1 -39.3 -37.1 -33.6 -36.3 -34.1 -35.3 -33.1 -29.6 -32.4 

 

 

9.2.3 Overall Integrity 

The Overall Integrity for each of the scenarios at Site 2 is illustrated in Figure 9.2.  As is the 

case for Table 9.4, the integrity reflects the fact that the overwintering population of S. 

richardsonii is expected to be impacted by (mainly) the low flow releases from Upper 

Trishuli-1 HEP.   

 

The summer integrity of this reach would be better (Figure 9.3). That said, the results of the 

field work done in this study indicate that the snow trout DO reside at Site 2 all year round. 

However, long term field measurements should be carried out to justify the results obtained 

from the field study since different literatures mention that S. richardsonii is a mid-distant 

migratory fish species.  

 



 

31 

 

Figure 9.2 Overall ecosystem integrity scores for the scenarios at Site 2 – assuming S. 

richardsonii is a year-round resident. 

 

 

Figure 9.3 Overall ecosystem integrity scores for the scenarios at Site 2 – assuming S. 

richardsonii is a summer resident. 
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9.3 Site 37  

9.3.1 Characteristics of the flow regime of each scenario at Site 3 

The main characteristics (median values) of the flow regimes associated with each of the 

scenarios are summarised in Table 9.6.  

 

Table 9.6 Characteristics of the baseline flow regime at Site 3. Median values are given for the 

flow indicators. 

Flow indicators Units Baseline 

Mean annual runoff m3/s 179.81 

Dry season onset week 44.00 

Dry season duration days 204.00 

Min 5d dry season Q m3/s 36.02 

Wet season onset week 24.00 

Wet season duration days 112.00 

Max 5d wet season Q m3/s 662.58 

Flood volume MCM 4002.38 

Dry season ave daily vol MCM 4.74 

T1 ave daily vol MCM 13.06 

Wet season ave daily vol MCM 36.57 

T2 ave daily vol MCM 11.90 

T2 recession slope - -3.57 

 

 

9.3.2 Mean percentage changes 

The mean percentage changes (relative to Baseline) for the indicators for each scenario at 

Site 3 are given in Table 9.7. 

 

The predicted impacts of Upper Trishuli-1 HEP are small at Site 3, and are mainly related to 

the barrier effects of Upper Trishuli weir, which are minor at the downstream site.  

 

9.3.3 Overall Integrity 

The Overall Integrity for each of the scenarios at Site 3 is illustrated in Figure 9.4.  The 

change in integrity with Upper Trishuli-1 HEP in place is related to that slight impact that the 

barrier is expected to have on downstream populations. This is expected to be relatively minor 

because there is breeding habitat downstream of Upper Trishuli-1 HEP. 

 

                                                 
7  Site 3 is immediately Downstream of the Powerhouse site 
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Table 9.7 Site 3: The mean percentage changes (relative to Baseline, which equals 100%) for 

the indicators for each scenario. Change representing an improvement in condition 

relative to baseline is marked in green8. Change representing a decline in condition 

relative to baseline is marked as follows: Orange = change >40-70%; red = change >70%. 
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Geo-

morphology 

Bedload inflows 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Suspended Sediment inflow 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Suspended sediment load -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 

Exposed sand and gravel bars 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 

Exposed cobble and boulder bars 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6

Median bed sediment size 

(armouring) 
-0.7 -0.7 -0.7 -0.7 -0.7 -0.7 -0.7 -0.7 -0.7 -0.7 

Area of secondary channels and 

back waters 
0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 

Algae Algae 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 

Macro-

invertebrates 
EPT abundance -2.5 -2.5 -2.5 -2.5 -2.5 -2.5 -2.5 -2.5 -2.5 -2.5 

Fish Snow trout: S. richardsonii -18.8 -18.8 -18.8 -18.6 -18.8 -13.9 -13.9 -13.9 -13.6 -13.9 

 

 

 

Figure 9.4 Overall ecosystem integrity scores for the scenarios at Site 3. 

 

                                                 
8 These predictions report the last 10 years of the hydrological record used as the basis for scenarios. 



 

34 

 

10 Energy production and ecosystem Integrity at Site 2  

The effect of different levels of EFlows releases on energy production was evaluated for 

different scenarios with the assumption that a fish passage will be constructed. The scenarios 

selected for comparison of energy production are: 10_MeanM_FP, 10_MinM_FP, 

30_MinM_FP, 20_MeanM_FP and 202_W_FP. The descriptions of these scenarios are given 

in Table 8.1. The calculated energy production under each is shown in Table 10.1. 

 

Table 10.1 Energy Production under different EFlows scenarios 

 
 

The headloss data were not available from the Client, and a fixed amount of headloss for 

different flow conditions, i.e., 3% of the gross head, was assumed.  This is not true in reality 

because headloss varies with the change in discharge passing through different project 

components from headworks to the powerhouse, but is sufficiently correct to allow for 

comparison between scenarios. 

 

Table 10.1 shows that the 10_MinM_FP scenario (legally binding criteria) allows for 

generation of about 1.5% of annual energy than the 10_MeanM_FP scenario (the Client’s 

commitment in the EIA report). Similarly, relative to 10_MinM_FP, 30_MinM_FP 

20_MeanM_FP and 202_W_FP scenarios result in about 1.2%, 4.9% and 4.1% less annual 

energy, respectively. 

 

Energy production decreases in the order of increasing EFlow releases (Figure 10.1 and 

Figure 10.2).  Figure 10.2 shows the relationship between energy production and overall 

(median of the sites) ecosystem Integrity for the five scenarios.   
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Figure 10.1 Energy production under different EFlows scenarios 

 

 

Figure 10.2 Ecosystem Integrity (median of the Sites) vs energy production  
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11 Additional Considerations  

11.1 The effect of rainbow trout 

It is important to highlight that the potential impacts of the exotic rainbow trout on snow trout 

have not been considered in this study, and could be severe.  Rainbow trout are known to 

favour cold clear waters, and prey on snow trout.  It is possible that the conditions created by 

Upper Trishuli-1 HEP and other HEPs in the Trishuli River will favour rainbow trout that 

escape from aquaculture farms in the area to the detriment of snow trout.   

 

11.2 The effect of downstream and tributary HEPs 

The results presented here assume that S. richardsonii will be able to migrate down the 

Trishuli River downstream of Upper Trishuli-1 HEP, and upstream in the tributary between 

Sites 2 and 3 (i.e., the Mailun River).  If this is not the case, then the outcome for the trout 

will be significantly worse. A study on the cumulative impacts of all the HEPs planned for the 

Trishuli watershed is currently being undertaken by NWEDC and collaborators. 

 

11.3 Contributions from Tributaries 

A recent study on discharge measurement of tributaries of the UT-1 HEP in the dewatered 

zone conducted by S.A.N. Engineering Solutions Pvt. Ltd. (unpublished report) indicates that 

tributaries contribute to the main river flow in the dewatered zone. The contribution is, 

however, small relative to the main river flow and it is not considered during the EFlows 

modelling. The Fisheries Migration Research Field Visit Report by Halvard Kassa (March 

2015) reveals low fish densities in the main river and high in the tributaries. The report 

concluded “The data sampled in February/March give indications of a relatively small fish 

population in the main river with low fish densities compared to high fish densities in the 

tributaries. More data from other parts of the year are needed. Data so far are weak.” 

Therefore, flow available in the tributaries during the lean season (March, April and May) is 

likely to favour fish migration and breeding and the severe impacts on S. richardsonii are 

expected to be reduced with increase in EFlows of the main river though to a lesser extent. 

 

11.4 Fish Passage 

The fish passage modelled here allowed for an approximately 50% success rate.  A fish 

passage in Nepal (Khimti Khola), which has particularly favourable design features, has 

achieved a higher success rate than this (Halvard Kaasa, unpublished presentation). Some of 

the findings of the Khimti Khola Fish Passage are also reported in the Environmental 

Monitoring Report published by Himal Power Limited in November, 2006. A fish passage for 

UT-1 is currently being designed by Halvard Kaasa, who is following good international 

practice. 

 

 



 

37 

11.5 S. richardsonii migration patterns 

It was anticipated that the snow trout would not be resident immediately downstream of 

Upper Trishuli-1 HEP in the winter months, and therefore would not be impacted by the low 

flow releases from the weir, but this could not be proven in the time available for the study. It 

is, however, highly likely that the trout would migrate away from this reach in winter once 

Upper Trishuli-1 HEP is in place, particularly if low flow releases remain at design levels. 

More research is needed on the migration pattern of S. richardsonii in the Upper Trishuli 

River, particularly for the larger fish. 
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12 Conclusions and Next Steps 

As represented by the indicators used in this study, Upper Trishuli-1 HEP is likely to affect 

the aquatic ecology of the Trishuli River. However, provided adequate provision is made for 

successful upstream and downstream passage of snow trout past the HEP, then the bulk of its 

impact should be within the 12-km dewatered stretch of the river. 

 

Five EFlows scenarios were evaluated at three EFlows sites ([1] upstream of dam site; [2] 

downstream of the powerhouse site and; [3] in the dewatered section of the river). Upstream 

and downstream of UT-1, the ecological integrity and fish populations will not be impacted 

much, and the main impacts will be on the overwintering fish populations in the 12-km 

dewatered stretch.  Inclusion of an effective fish passage will assist in maintaining the S. 

richardsonii migration within the watershed and ensure solid populations upstream and 

downstream of the project area. 

 

The results of the EFlows assessment not surprisingly conclude that the best EFlows scenario 

for the S. richardsonii is the release of more water during the winter (low flow) months. 

However, power generation will be negatively impacted with the release of more water. Given 

the conditions of the Power Development Agreement between NWEDC and the Government 

of Nepal, and the financial situation of the project, it is highly unlikely that the project will be 

financially viable with this level of power loss.  Furthermore, NWEDC has committed to a 

higher EFlows (10 % of baseline mean monthly flow) than is legally required by the 

Hydropower Development Policy, 2001.  NWEDC has also exhibited commitment to 

biodiversity management for UT-1 through extensive baseline data collection, inclusion of a 

fish ladder that will meet international standards, a cumulative impacts assessment and this 

EFlows assessment. 

 

Thus, the impacts on S. richardsonii within the 12 km dewatered zone will be mitigated by 

ensuring that migration is relatively unimpeded and that fish populations persist in the area.  

Apart from increased EFlows, the mitigation measures could include provision of a functional 

and efficient fish passage, fish hatcheries, and effective monitoring mechanism and adaptive 

management. Once decided upon, the agreed mitigation measures will be detailed in an 

Environmental Flow Management Plan. 
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Appendix A. OVERVIEW OF DRIFT 

This appendix is a generic overview of DRIFT and as such may use examples from areas other 

than the Upper Trishuli River. The Upper Trishuli EFlows assessment was completed using 

Drift2-v2.97.exe. 

 

DRIFT is a process and data-management DSS, allowing data and knowledge to be used to their 

best advantage in a structured way. Within DRIFT, discipline specialists use their own 

discipline-specific methods to derive the links between river flow and river condition. The 

central rationale of DRIFT is that different aspects of the flow or sediment regime of a river 

elicit different responses from the riverine ecosystem. Thus, removal of part or all of a particular 

element of the flow or sediment regime will affect the riverine ecosystem differently than will 

removal of some other element.  

 

In DRIFT, the long-term daily-flow time-series is partitioned into parts of the flow regime that 

are thought to play different roles in sculpting and maintaining the river ecosystem, such as the 

onset of important flow seasons, which may affect breeding cycles, or the magnitude of the 

annual flood, which may inundate a floodplain. This makes it easier for ecologists to predict 

how changes in the flow regime could affect the ecosystem. The ‘parts’ of the flow regime used 

in DRIFT are called flow indicators. The indicators used for the Upper Trishuli River are 

presented in Section 5. 

 

The variability of the flow regime in timing and magnitude, both in its natural state and in any 

future scenario, is captured automatically through algorithms within the hydrological module of 

the DSS that identify the nature of the flow indicators year-by-year. Thus, the 47 annual values 

of each flow indicator are provided for the 47 years of flow record. This means the specialists 

can consider a response to a condition for a particular time-step rather than thinking of an 

averaged response over several years. They can also use data from a particular year or season to 

calibrate time-series responses. 

 

The study process was structured as follows: 

1. The study focused on five focus areas in the Upper Trishuli River (Section 1.2.1). 

2. The flow changes were converted to ecologically-relevant summary statistics that highlighted: 

i. Changes in magnitude. 

ii. Changes in duration. 

iii. Changes in timing of seasons (e.g., delayed onset of wet season). 

iv. Changes within day ranges in discharge (i.e., for peaking power releases). 

3. Specialists provided opinion on the consequences of these changes in the form of Response 

Curves. The disciplines represented were: 

i. Geomorphology 

ii. Macro invertebrates  

iii. Fish 

Each specialist provided a list of ecosystem attributes that they believe could change with flow 

change. These are called ecosystem indicators. 

4. The database was used to evaluate changes in these indicators for each scenario listed in Section 

8. 

5. The outputs of the DRIFT database are written up in Section 9. 
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The basic sequence of activities in the DRIFT DSS can be summarised as follows (Appendix 

Figure 1): 

1. Collect data for the study at the river. 

2. Augment with expert knowledge for similar river systems and a global understanding of river 

functioning. 

3. Model current catchment hydrology and scenarios of future changes. 

4. Calculate annual flow indicator time-series for all scenarios. 

5. Construct relationships for the expected response of individual ecosystem indicators to changes 

in aspects of the flow regime (Response Curves). The Response Curves show the extent of 

change (i.e. severity of change – on a scale of 0 (no change) to 5 (very high change)) from 

baseline that would be expected from an ecosystem indicator in response to specific changes in 

flow. 

6. Use Response Curves to predict time-series of abundance changes in each ecosystem indicator as 

a response to flow and consequent other changes. 

7. Calculate Integrity for each indicator by assigning a direction of change, i.e., whether an increase 

in abundance will be expected to move the indicator away from the natural ecosystem condition 

or the opposite, and from this calculate discipline and site level Integrity. 
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Appendix Figure 1 Flow chart of DRIFT process 

 

 

A.1. RESPONSE CURVES9 

Response Curves depict the relationship between a biophysical indicator and a driving variable 

(e.g., flow). In this EFlows assessment, Response Curves linked an indicator to any other 

                                                 
9 The bulk of this section is taken from Joubert et al., 2009.  
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indicator deemed to be driving change. The aim is not try to capture every conceivable link, but 

rather to restrict the linkages to those that are most meaningful and can be used to predict the 

bulk of the likely responses to a change in the flow or sediment regimes of the river.  

 

A Response Curve for the relationship between relative fish (e.g., Alwan Snow Trout) 

abundance (given as a severity rating – see Section A.2 for an explanation of the scoring system 

used) and a flow category, in this case, onset of the wet season, is shown in Appendix Figure 2. 

In this figure, an early or late start to the wet season would lead to decreased abundance. 

 

 

Appendix Figure 2 Example of a Response Curve – in this case of the relationship between the 

calendar week when the wet season begins and the abundance of Alwan Snow Trout. 

 

 

The units on the x-axis depend on the driving variable under consideration. For instance, in the 

case of wet season onset (Appendix Figure 2), these are weeks of the year. 

 

The y-axis may refer to abundance as in Appendix Figure 2, but also to other measures such as 

concentration or area, depending on the indicator. Response curves are constructed using 

severity ratings (Section A.2).  

 

The number of Response Curves constructed for an EFlows assessment depends on the level of 

detail at which a flow assessment is done. In the NJHEP assessment, for example, the specialists 

collectively completed 57 Response Curves for Site 2. These were used to evaluate scenarios by 

taking the value of the flow indicator for any one scenario and reading off the resultant values 

for the biophysical indicators from their respective Response Curves. Once this had been done 

the database combined these values to predict the overall change in each biophysical indicator 

and in the overall ecosystem under each scenario.  

 

A.1.1. Construction of the Response Curves 

The Response Curves used in this project were constructed based on response curves 

constructed for the Neelum River, Pakistan. The Response Curves and explanations for their 

shape are contained in the DRIFT DSS, and in Section 7. 

 

A.1.2. Response Curves and cumulative change  

The time-series approach means that the Response Curves are used to predict the likely seasonal 

change in an ecosystem indicator in response to the flow/sediment conditions experienced in 

that, or possibly preceding, seasons. For instance, the kind of questions and discussion typically 
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addressed to facilitate setting the Response Curves the effect of changes in dry season discharge 

on Alwan Snow Trout are:  

 “If the dry season discharge declines from baseline values, what will be 

the consequences for the abundance of Alwan Snow Trout?” 

o Do Alwan Snow Trout use the main river in the dry season? 

o Do Alwan Snow Trout abundances change noticeably over the climatic 

range covered in the baseline, i.e., are they noticeably more abundant in wet years than 

in dry years, or vice versa? 

o What kinds of habitat do adult Alwan Snow Trout use in the main river? 

o Do Alwan Snow Trout breed in the dry season? 

o Do they breed in the main river or in the tributaries? 

o Where do Alwan Snow Trout lay their eggs? 

o What sorts of habitat do fry, fingerlings and juvenile trout use in the 

main river? 

o At what discharge(s) does the favored habitat(s) disappear? 

o What is the consequence of these habitats not being available for one 

season? 

o If discharge reaches zero for one season, are there pools that the trout 

will be able to survive in? 

o Can the Alwan Snow Trout survive for a dry season in pools? 

o Is water temperature a concern, i.e., would the river freezing be an issue 

for Alwan Snow Trout if discharge decreased? 

o What do Alwan Snow Trout adults/juveniles/fingerlings/fry eat? 

o How will the food base be affected by changes in dry season low flows? 

o Etc. 

 

Often, a species such as Alwan Snow Trout will be expected to survive even an extremely-dry 

dry season, with possibly only minor changes (5-10%) in overall abundance, resulting in a 

Response Curve similar to that shown in Appendix Figure 3, which predicts a 20-40% seasonal 

decline in trout abundance if dry season flows drop to zero, even though the lowest 5-day 

minimum ever recorded at the Line of Control under baseline is 11.78 m3/s. If, however, the 

flows drop to this level in the dry season year after year, then the cumulative effect on trout 

populations is likely to be far greater. The time-series enable the DSS to capture this cumulative 

effect. 

 

 

Appendix Figure 3 Response curve for Alwan Snow Trout response to changes in minimum 5-

day dry season discharge. 
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A.2. SCORING SYSTEM 

Into the foreseeable future, predictions of river change will be based on limited knowledge. 

Most river scientists, particularly when using sparse data, are thus reluctant to quantify 

predictions: it is relatively easy to predict the nature and direction of ecosystem change, but 

more difficult to predict its timing and intensity. To calculate the implications of loss of 

resources to subsistence and other users in order to facilitate discussion and trade-offs, it is 

nevertheless necessary to quantify these predictions as accurately as possible.  

 

To aid this, two types of information are generated for each biophysical indicator, viz.: 

 Severity ratings, which describe increase/decreases for an indicator in 

response to changes in the flow indicators, and; 

 Integrity ratings, which indicate whether the predicted change is a move 

towards or away from the natural ecosystem condition, i.e., how the change influences 

overall ecosystem condition.  

 

The severity ratings are used to construct the Response Curves. The Integrity ratings are used to 

predict changes in overall ecosystem condition/health. 

 

A.2.1. Severity ratings 

The severity ratings are on a continuous scale from -5 (large reduction) to +5 (very large 

change; Brown et al., 2008; Appendix Table 1), where the + or – denotes an increase or 

decrease in abundance or extent. These ratings are converted to percentages using the 

relationships provided in Appendix Table 1. The scale accommodates uncertainty, as each rating 

encompasses a range of percentages; however, greater uncertainty can also be expressed through 

providing a range of severity ratings (i.e. a range of ranges) for any one predicted change (after 

King et al., 2003).  

 

Appendix Table 1 DRIFT severity ratings and their associated abundances and losses – a 

negative score means a loss in abundance relative to baseline, a positive means a gain.  

Severity rating Severity % abundance change 

5 Critically severe   

4 Severe  251-500% gain 

3 Moderate  68-250% gain 

2 Low  26-67% gain 

1 Negligible  1-25% gain 

0 None  no change  

-1 Negligible  80-100% retained  

-2 Low  60-79% retained  

-3 Moderate  40-59% retained  

-4 Severe  20-39% retained  

-5 Critically severe  0-19% retained includes local extinction 
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Note that the percentages applied to severity ratings associated with gains in abundance are 

strongly non-linear10 and that negative and positive percentage changes are not symmetrical 

(Appendix Figure 4; King et al. 2003). 

 

For each year of the hydrological record, and for each ecosystem indicator, the severity rating 

corresponding to the value of a driving indicator is read off its Response Curve and converted to 

a percentage change. The severity ratings for each driving indicator are then combined to 

produce an overall change in abundance for each season, which combined provide an indication 

of how abundance, area or concentration of an indicator is expected to change under the given 

flow conditions over time, relative to the changes that would have been expected under baseline 

conditions in the catchment.  
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Appendix Figure 4 The relationship between severity ratings and percentage abundance lost or 

retained as used in DRIFT and adopted for the DSS. (Baseline is always = 100%). 

 

 

A.2.2. Integrity ratings 

Integrity ratings are on a scale from 0 to -5.  

 

The integrity ratings are calculated by assigning a positive or negative sign to changes in 

abundance depending on whether an increase in abundance is a move towards natural or away. 

The integrity ratings for each indicator are then combined to provide a discipline level Integrity 

score. Discipline level integrity scores are in turn combined to provide an overall site level 

Integrity Score, which is used to place a flow scenario within a classification of overall river 

condition, using the South African Eco-classification categories A to F (Appendix Table 2; 

Kleynhans 1996; Kleynhans 1999; Brown and Joubert 2003). 

 

The ecological condition of a river is defined as its ability to support and maintain a balanced, 

integrated composition of physico-chemical and habitat characteristics, as well as biotic 

components on a temporal and spatial scale that are comparable to the natural characteristics of 

                                                 
10 The non-linearity is necessary because the scores have to be able to show that a critically-severe loss equates to 

local extinction whilst a critically severe gain equates to proliferation to pest proportions. 
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ecosystems of the region. As an example, if the baseline ecological status (BES) of a river is a 

B-category, and there is a decrease in a fish species which is a move away from natural, this will 

cause the integrity score to be more negative, representing movement in the direction of 

categories C to F. 

 

Appendix Table 2 Definitions of the Baseline Ecological State (BES) categories (after 

Kleynhans 1996). 

Ecological 

category 

Corresponding DRIFT 

Overall Integrity Score 
Description of the habitat condition 

A >-0.25 Unmodified. Still in a natural condition. 

B >-0.75 
Slightly modified. A small change in natural habitats and biota has taken place 

but the ecosystem functions are essentially unchanged. 

C >-1.5 
Moderately modified. Loss and change of natural habitat and biota has 

occurred, but the basic ecosystem functions are still predominantly unchanged. 

D >-2.5 
Largely modified. A large loss of natural habitat, biota and basic ecosystem 

functions has occurred. 

E >-3.5 
Seriously modified. The loss of natural habitat, biota and basic ecosystem 

functions is extensive. 

F <-3.5 

Critically / Extremely modified. The system has been critically modified with 

an almost complete loss of natural habitat and biota. In the worst instances, 

basic ecosystem functions have completely altered and the changes are 

irreversible. 

 

 

Overall Integrity Scores are calculated for the ecosystem as a whole, i.e., the combined effect of 

changes in the indicators at each site. The results can be plotted as overall Integrity Score (y-

axis) vs. percentage or volume of MAR (x-axis) or, where there are relatively few points, as a 

plot of Integrity Scores per site, which allows for easy comparison between sites. The categories 

represent points along a continuum, thus the ‘divisions’ between the categories are only guides 

as to the general position at which the ecological condition might be expected to shift from one 

category to the next. Furthermore, the rules for the integrity categories were developed on rivers 

outside of the Republic of Congo, and have not been tested on the Upper Trishuli River. They 

provide an indication of the relative categories associated with each scenario and should not be 

misconstrued as an absolute prediction of future condition. 

 

A.3. IDENTIFICATION OF ECOLOGICALLY-RELEVANT ELEMENTS OF THE FLOW 

REGIME 

One of the main assumptions underlying the DRIFT EFlows process is that it is possible to 

identify ecologically-relevant elements of the flow regime and isolate them within the historical 

hydrological record. Thus, one of the first steps in the DRIFT process is to identify these 

ecologically-important flow indicators. To do this, the flow provided for the river in question is 

used. 

 

The seasons used in DRIFT are: 

 Dry season 

 Transitional season 1 

 Flood season  

 Transitional season 2 
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The rules for defining the seasons are provided in Appendix Table 3. Due to the moving nature 

of the seasons, start and end dates are defined for every year of the hydrological time-series.  

 

Appendix Table 3 Rules for defining the end of the four ecological seasons 

Season How the end of the season was defined 

Dry Season A multiple of the minimum dry season discharge 

Transition 1 A multiple of the minimum dry season discharge 

Flood Season A multiple of the mean annual discharge 

Transition 2 
A multiple of the mean annual discharge, together with the recession rate 

calculated over a number of days 

 

 

A.4. MAJOR ASSUMPTIONS AND LIMITATIONS OF DRIFT 

Predicting the effect of flow changes on rivers is difficult because the actual trajectory and 

magnitude of the change is additionally dependent on so many other variables, such as climate, 

sediment supply and human use of the system. Thus, several assumptions underlie the 

predictions. Should any of these assumptions prove to be invalid, the actual changes may not 

match the predicted changes. This does not necessarily make the predictions themselves 

incorrect or invalid, but simply means that the surrounding set of circumstances that support the 

predictions has changed.  

 

The following important major assumptions apply: 

 The baseline hydrology closely approximates the actual flow conditions 

in the river over the period of record. 

 Different parts of the flow regime sustain the river ecosystem in 

different ways. Changing one part of the flow regime will change the river in a different 

way than will changing another part. 

 It is possible to identify ecologically-relevant elements of the flow 

regime and isolate them within the historical hydrological record (see Section A.3) 

 2016 conditions were used as a Baseline for predicting change, and 

change was expressed as a percentage move towards or away from the BES. 

 Predicted changes in ecological status are relative to the BES (2016). 

 Predictions are based on a 47-year horizon. 

 

The main limitation is the paucity of data. This is a universal problem, as ecosystems are 

complex and we will probably never have complete certainty of their present and possible future 

characteristics. Instead it is essential to push ahead cautiously and aid decision-making, using 

best available information. The alternative is that water resource development decisions are 

made without consideration of the consequences for the supporting ecosystems, eventually 

probably making management of sustainability impossible. Data paucity is addressed in the 

DRIFT process by accessing every kind of knowledge available - general scientific 

understanding, international scientific literature, local wisdom and specific data from the river 

under consideration or from similar ones – and capturing these in a structured process that is 

transparent, with the DSS inputs and outputs checked and approved at every step. The Response 
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Curves used (and the reasoning used to construct them) are available for scrutiny within the 

DSS and they, as well as the DRIFT DSS, can be updated as new information becomes 

available. 

 

A second aspect of the paucity of data is that it is neither known what the river was like in its 

pristine condition nor exactly how abundant each ecosystem aspect (sand bars, fish, etc.) was 

then or is now. To address this, all DRIFT predictions are made relative to the baseline situation 

(there will be a little more, or a lot less, than today, and so on). 

 

These inherent uncertainties also mean that the trends and relative position of the scenarios are 

more reliable predictors of the impacts of the scenarios than are their absolute values. Also, 

DRIFT is designed to predict overall condition, and focusing on one indicator to the exclusion 

of others is not recommended. 
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Climate Change Risk Assessment 













1.1 Introduction 



Figure 1. The Upper Trishuli Basin includes territory in Nepal and China. The Betrawati station 

is the source of hydrologic data. The UT-1 project site is indicated by the red triangle. 

1.2 The Upper Trishuli-1 Hydropower Project 



1.2 Hydrological and Meteorological Data 

Figure 2. Comparison of precipitation and temperature data from multiple sources. The differences 

between datasets reflect the difficulties associated with estimating meteorological data in locations 

with sparse observations and challenging terrain. 



Table 1 Two DHM station at the Upper Trishuli River. 

1.3 Background on Climate Change in the Himalaya 





Figure 3. Change in mean annual precipitation with respect to baseline (1970-1999). 



Figure 4. Schematic diagram of the decision scaling framework as applied in this study. The figure 

at the bottom represents a climate response function, which indicates project performance over the 

range of plausible climate change. 

2.1 Distributed Glacio-hydrologic Model 



Figure 5. Advanced glacio-hydrologic distributed model by UMass Hydrosystems Research Group. 



Figure 6. Digital elevation map of the Upper Trishuli Basin. 



Figure 7. Streamflow from the HYMOD_DS compared to observed data. Blue circles represent the 

calibration period and red circles represent the results for the evaluation period. Results are 

generally excellent although some higher extreme flows were not captured. 



Figure 8. Annual hydrograph of streamflow in the Upper Trishuli Basin showing contributions 

from subsurface (blue), snow and glacial melt (green), and rainfall (yellow). 

2.2. Water Resources System Model 



m3/s

Figure 9. Bias-corrected Betrawati streamflow exceedance probability (Jan 1967-Dec 2010). Red 

vertical line indicates design flow of 76 m3/s.
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Figure 10. Theoretical potential (uncapped) hydropower exceedance probability. Red dots are 

calculated exceedance probabilities of uncapped hydropower production. Red line is production 

presented in UT-1 project documents. 



Figure 11. UT-1, 216 MW PROR @ Q50, max daily GWhr/day generation relative to daily 

timeseries of GWhr potential (red line). 
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Table 2 UT-1 Hydropower project design parameters. 

*Gross head is 340.89-343.66 m. Project documents do not present net head. The Upper Arun Hydropower 

Project included gross head of 509 m and net head of 492 m, with a head “loss” of 17 m. Given the smaller 
size of the UT-1 facility, 10 meters of head loss was assumed here. 

**The O&M cost equation is an empirical relationship based on the experience of Jim Gordon, a World 
Bank-sponsored hydropower expert and preferred by hydropower project planners in the World Bank. The 

original empirical relationship has no coefficient of 2. The coefficient of 2 was added as a factor of safety 

given the additional costs of operating a hydropower facility in Nepal. The units on the kWhr_cap number 

are in units of kWh per day of operation. In this case kWhr_cap=5.184x106 and  kWhr_cap/1000/24 = 216 

MW installed capacity. The units on the O&M cost equation are $2015/year. 

2.3. Climate Stress Test  



ex post



3.1 Hydrologic Response 

Figure 12. Climate response function of mean annual streamflow in response to changes in 

precipitation (x-axis) and temperature (y-axis). Streamflow units are MCM/yr (or MCM/season). 

Blue contours show increases in streamflow and red contours show decreases.  



Figure 13. Change in average annual mean flow (% of baseline/historic). Green dots are all CMIP3 

climate change scenarios. Purple dots are all CMIP5 climate change scenarios. 



Figure 14. Change in glacier area (% of baseline/historic). 



Figure 15. Design flood for daily streamflow under climate change. 



Figure 16. Flood frequency analysis (after Bulletin 17B). 



Figure 17. Shift in Seasonality due to climate change. 



Figure 18 Percent change in number of days below the plant discharge (76 m3/s). 



Figure 19 Frequency analysis with the Log-Pearson Type III for 7-day low streamflow at UT-1 

basin under climate change. 

3.2 Response of Hydropower Production 



Figure 20 Hydropower generation climate response surface. 

3.3 Response of Economic Performance 



Figure 21 Range of possible economic performance of UT-1 hydropower plant under climate 

change. 

3.4 Effect of Changes in Upstream Water Demand 



Figure 22 (a) Dominant land cover for the UT-1 basin; (b) Crop land percentage for the UT-1 

project. Maps are created from FAO Global Land Cover SHARE database. 



3.5 Possible Disease Effects

Figure 23 Rating curve for water level and surface area of the UT-1 project under current and 

after weir construction condition.  



Figure 24 Estimation of area at risk of malaria near dam.  

3.6 Structural Stability and Dam Break



Figure 25 Compare weir designed capacity of UT-1 project with flood frequency under climate 

change impact. 



Table 3 Preliminary assessment of risks. 





Table 4 Blended finance for UT-1 investments in climate change robustness. 








