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Abstract 

Climate change has the potential to alter the quantity and timing of runoff, which may pose 

significant challenges for the reservoir management. This study evaluates the projected climate 

impact on the reservoir system of Portland, Oregon. Using sixteen climate models spanning four 

emission scenarios, the performance reservoir operating policies and their sensitivity to the choice 

of GCMs and time periods are assessed. Use of historical rule curves for reservoir operations 

results reduces forecast reliability for future periods. This general trend for decreasing forecast 

reliability for future periods is not sensitive to the choice of GCM. Regardless of the selected 

reservoir policy model, the results suggest a similar range of reliability (62%- 74%), implying that 

there is no optimal model for the operation of the reservoir. 
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1. Introduction 

The well-known associations between recent increases in greenhouse gases, increased global 

average temperature, and hydrologic fluxes raise important concerns for reservoir management 

(Heino et al. 2009, IPCC, 2014). In particular, seasonal changes in the timing of precipitation, 

snowmelt and streamflow result in an earlier spring freshet (Cayan et al. 2001, Dettinger et al. 

2004; Stewart et al. 2004; Hamlet and Lettenmaier, 2007). This shift in snowmelt timing can also 

decrease overall water availability because earlier runoff may not be captured by reservoirs 

(Dettinger and Cayan, 1995). It is well recognized by water resources planners that climate 

change scenarios should be considered in planning future reservoir operation rules (Lee et al. 

2009). 

Changes in temperature and precipitation caused by climate change have been connected to 

overall declines in the runoff in the western United States. The likely implications of climate 

change on high elevation streams in the western US show a reduction in annual discharge during 

spring (Aguado et al. 1992, Dettinger and Cayan 1995). This change has also been identified in 

Northwest in recent decades. Assessment of trends of the annual streamflow in Pacific Northwest 

streams found a declining trend in the 25th percentile annual streamflow in the majority of the 

gaging stations, with half of them declining from 29% to 47% from 1948 to 2009 (Luce and 

Holden, 2009). The investigation of the long- term water availability under future climate change 

conditions in North Platte watershed in Wyoming projected decreased water availability during 

winter months, and also drying in the summer months (Acharya et al. 2011). 

Both declines in total water availability and earlier runoff are common across the western 

US and are related to temperature and precipitation patterns for snow dominated areas from 

Alaska to Mexico (McCabe and Clark 2005; Fritze et al. 2011). Stewart et al. (2005) used several 
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simulations using the policies fit over the 2000- 2030 period result in lower variance comparing 

to those fit over 2030- 2060 and 2060- 2090 periods, showing that they are attributed to a larger 

portion of uncertainty in streamflow projections compared to 2000- 2030 period. While there is 

potential for greater variance when using future fitting periods, the variances of reliability across 

the models simulated using the historical rule curves also increase over time. For the simulation 

periods 2000- 2030 and 2060- 2090, the policy fit over 1950- 1980 shows a better performance 

comparing to the 1970- 1999 period, while the variances of the simulated values in the period 

2030- 2060 using the two historical policies are almost equal. 

 

Fig 13. Variance of reliability across GCMs over future simulation periods using two historical and three 
future fitting periods  
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4. Discussion  

Comparing projected reservoir releases between 16 GCMs, we found that the variability 

between GCMs is very great. This is expected due to the large variability in GCM simulations. 

The data used in this study are from four different scenarios with various level of CO2 emissions, 

resulting in varying temperature and precipitation and consequently the streamflow used as the 

input to the reservoir. Even within each scenario, the magnitude of the differences in the release 

(Re) is high, indicating that the model uncertainty can play a dominant factor for this large 

variability. Despite variability between scenarios, there is an overall trend of decreasing 

reliability moving to the future. As indicated in Figure 9, using the historical rule curve (1970-

1999) for operation of the reservoir results in reduction of reliability over future periods. 

However, 2000- 2030 period show greater projected reliability which can be due to the fact that 

the temperature increase is not significant during this period. The variability and reduction in 

reliability are in agreement with releases results which suggest an uncertainty involving in the 

model projections. 

Results are consistent using the rule curve fit over future periods as compared to the rule 

curves fit to the historical time period. The use of policies fit over each model to simulate the 

same model in the following periods, suggests a large variability in the reliability. In fact, 

calculating the reliabilities by simulating the future period for each model based on a rule curve 

fit to the same GCM, results in a large variability. Differences among forcing scenarios are the 

dominant factors for this variability. When a historical rule curve is used for simulation, most 

models show lower reliability during 2030- 2060 and 2060- 2090 compared to the historical 

periods. This is likely caused by two factors; (1) the advanced timing of the streamflow peak 

which is consistent with field studies (e.g. Cayan et al. 2001; Regonda et al. 2005; Mote, 2006; 
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Nayak et al. 2010) and (2) the increased probability of low flow years and more extreme low 

flow events in future climate simulations. Most models predict increased streamflow during 

winter and a reduced spring freshet consistent with field studies (e.g. Luce and Holdon, 2009; 

Lundquist et al. 2009; Huntington and Billmire, 2014). Historically, the first day of April has 

been a transition point in water resources management. Prior to this time, the reservoirs are 

filling and the main purpose of the reservoir operations are to control floods. From April through 

July, water is released and the purpose of reservoir operations will alter to supply water 

generated from snowmelt runoff (Chung et al. 2009). Water supply forecasts are based on runoff 

forecasts for these four months. This advanced timing of peak annual streamflow decreases early 

spring runoff and results in a decrease in the amount of water stored in the reservoir to be used in 

the time of high demand.  

There is no clear impact on the simulated reliability if different fitting periods are applied. 

This is likely due to the intrinsic uncertainty in the future simulations, which exceeds the 

variability among time periods. Sensitivity to model selection was analyzed by comparing the 

reliability on self with reliability on other. Regardless of the model selected for the policy of the 

reservoir, the results suggest similar range of reliabilities, implying that there is no ideal model to 

be considered to have the best performance in operation of the reservoir. Consequently, an 

ensemble of GCMs should be considered to project releases of the reservoir under future 

alternatives.  

A particularly important point is the sensitivity of the reservoir performance to the periods 

which is indicated by comparing the range of variance of the reliability of all the models in 

different periods (Figure 13). Even though no trend is observed in streamflow time series of the 

models under different emission scenarios, high variances can be seen among the reliabilities 
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moving to the future. This is related to different projections estimated by various models, as 

different models display a different response to the same forcing. Even a slight change in climate 

model temperature projections results in large differences in projected streamflow, and 

consequently on the reliability of the reservoir. As it can be seen in Figure 13, the projected 

increase in the variances is greater during 2060- 2090 period compared to earlier periods.  
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5. Conclusion  

Analysis of the results illustrates large variability in releases across 16 GCMs during 2000- 

2090 period when the historical policy is used to simulate the release, ranging from 60% to 75%. 

The results also show that the reliability is likely to decrease into the future, which is an 

indicative of necessary changes required in reservoir rule curves over future periods. While 

2000- 2030 period shows higher reliability, the majority of models during 2030- 2090 suggest 

lower reliability compared to historical periods with reliability equal to 67%. Additionally, the 

use of different rule curves fit over different periods illustrate no change in the reliability of the 

reservoir due to the great variability between GCM simulations. Our results indicate that the 

general trend for decreasing reliability over time is not sensitive to the time period selected or the 

choice of GCM. The range of on-self reliabilities varies between 62 to 74% which is similar to 

the range of on-other reliabilities. However, there is great variability between simulations and 

there are some GCMs that would indicate a hydrologic regime which could have higher reservoir 

reliability. The magnitude of these variabilities can be affected by the future water demand 

scenarios. The results mentioned above are based on the assumption that water demand is not 

changing moving to future. However, it is expected that water demand increase by a large factor 

in future caused by population growth and warmer temperature, affecting future reservoir 

operations (Stakhiv et al. 2016). It should also be noted that VIC includes some limitations 

needed to be considered (U.S. Bureau of Reclamation, 2012). VIC is assessed for monthly and 

annual time- scale but not daily. The scale of the grids in VIC are of coarse resolution implying 

that it suffers from significant biases when used for small watersheds. Also, VIC does not 

consider the vertical movement of moisture caused by groundwater which limits its performance 

in modeling surface and subsurface interaction. While VIC does have limitations, it has been 

widely used in many diverse environments for assessment of water resources studies (Nijssen et 
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al. 2001; Haddeland et al. 2007; Adam et al. 2009; Ashfaq et al. 2010; Oubeidillah et al. 2014; 

Zhou et al. 2016) and hydrologic response of climate change in snow dominated basins 

(Christensen and Lettenmaier 2006; Hidalgo et al. 2009; Cherkauer and Sinha 2010). Compared 

to based or lumped models, VIC responds to changing temperature and precipitation in a more 

physically way which makes it a promising tool for climate change studies (Dwarakish and 

Ganasri 2015). It has been extensively applied with the outputs from GCMs for hydrologic 

predictions (Wang et al. 2008; Shukla et al. 2013). 

 

  



 

33 
 

References 

Acharya, Anil, Thomas C. Piechota, and Glenn Tootle. "Quantitative assessment of climate change 

impacts on the hydrology of the North Platte River watershed, Wyoming." Journal of 

Hydrologic Engineering 17, no. 10 (2011): 1071-1083. 

Adam, Jennifer C., Alan F. Hamlet, and Dennis P. Lettenmaier. "Implications of global climate 

change for snowmelt hydrology in the twenty‐first century." Hydrological Processes 23, 

no. 7 (2009): 962-972. 

Aguado, E., D. Cayan, L. Riddle, and M. Roos. "Climatic fluctuations and the timing of West 

Coast streamflow." Journal of Climate 5, no. 12 (1992): 1468-1483. 

Ashfaq, Moetasim, Laura C. Bowling, Keith Cherkauer, Jeremy S. Pal, and Noah S. Diffenbaugh. 

"Influence of climate model biases and daily‐scale temperature and precipitation events on 

hydrological impacts assessment: A case study of the United States." Journal of 

Geophysical Research: Atmospheres (1984–2012) 115, no. D14 (2010). 

Brekke, L., B. L. Thrasher, E. P. Maurer, and T. Pruitt. "Downscaled CMIP3 and CMIP5 climate 

and hydrology projections: Release of downscaled CMIP5 climate projections, comparison 

with preceding information, and summary of user needs." US Dept. of the Interior, Bureau 

of Reclamation, Technical Services Center, Denver (2013). 

Cayan, Daniel R., Michael D. Dettinger, Susan A. Kammerdiener, Joseph M. Caprio, and David 

H. Peterson. "Changes in the onset of spring in the western United States." Bulletin of the 

American Meteorological Society 82, no. 3 (2001): 399-415. 

Chang, Heejun, Paul Thiers, Noelwah R. Netusil, J. Alan Yeakley, Gretchen Rollwagen-Bollens, 

S. M. Bollens, and Sonia Singh. "Relationships between environmental governance and 

water quality in a growing metropolitan area of the Pacific Northwest, USA." Hydrology 

and Earth System Sciences 18, no. 4 (2014): 1383. 

Chen, Jie, François P. Brissette, and Robert Leconte. "Uncertainty of downscaling method in 

quantifying the impact of climate change on hydrology." Journal of Hydrology 401, no. 3-

4 (2011): 190-202. 



 

34 
 

Chen, Duan, Arturo S. Leon, Samuel P. Engle, Claudio Fuentes, and Qiuwen Chen. "Offline 

training for improving online performance of a genetic algorithm based optimization model 

for hourly multi-reservoir operation." Environmental Modelling & Software 96 (2017): 46-

57. 

Cherkauer, Keith A., and Tushar Sinha. "Hydrologic impacts of projected future climate change 

in the Lake Michigan region." Journal of Great Lakes Research 36 (2010): 33-50. 

Christensen, N., and Dennis P. Lettenmaier. "A multimodel ensemble approach to assessment of 

climate change impacts on the hydrology and water resources of the Colorado River 

Basin." Hydrology and Earth System Sciences Discussions 3, no. 6 (2006): 3727-3770. 

Chung, Francis, Jamie Anderson, Sushil Arora, Messele Ejeta, Jeff Galef, Tariq Kadir, Kevin Kao, 

Al Olson, Chris Quan, Erik Reyes, Maury Roos, Sanjaya Seneviratne, Jianzhong Wang, 

Hongbing Yin, and Nikki Blomquist. "Using Future Climate Projections to Support Water 

Resources Decision Making in California." PIER Research Report, California Energy 

Commission (2009). 

Das, Tapash, H. G. Hidalgo, D. W. Pierce, T. P. Barnett, M. D. Dettinger, D. R. Cayan, C. Bonfils, 

G. Bala, and A. Mirin. "Structure and detectability of trends in hydrological measures over 

the western United States." Journal of Hydrometeorology 10, no. 4 (2009): 871-892. 

Déqué, M., D. P. Rowell, D. Lüthi, F. Giorgi, J. H. Christensen, B. Rockel, D. Jacob, Erik 

Kjellström, M. De Castro, and B. J. J. M. van den Hurk. "An intercomparison of regional 

climate simulations for Europe: assessing uncertainties in model projections." Climatic 

Change 81, no. 1 (2007): 53-70. 

Dettinger, Michael D., and Daniel R. Cayan. "Large-scale atmospheric forcing of recent trends 

toward early snowmelt runoff in California." Journal of Climate 8, no. 3 (1995): 606-623. 

Dettinger, Michael D., Daniel R. Cayan, Mary K. Meyer, and Anne E. Jeton. "Simulated 

hydrologic responses to climate variations and change in the Merced, Carson, and 

American River basins, Sierra Nevada, California, 1900–2099." Climatic Change 62, no. 

1-3 (2004): 283-317. 



 

35 
 

Dickerson‐Lange, Susan E., and Robert Mitchell. "Modeling the effects of climate change 

projections on streamflow in the Nooksack River basin, Northwest Washington." 

Hydrological Processes 28, no. 20 (2014): 5236-5250. 

Dwarakish, G. S., and B. P. Ganasri. "Impact of land use change on hydrological systems: A review 

of current modeling approaches." Cogent Geoscience 1, no. 1 (2015): 1115691. 

Eisel, L. M. "Chance constrained reservoir model." Water Resources Research 8, no. 2 (1972): 339-

347. 

Eum, Hyung-Il, and Slobodan P. Simonovic. "Integrated reservoir management system for 

adaptation to climate change: the Nakdong River Basin in Korea." Water Resources 

Management 24, no. 13 (2010): 3397-3417. 

Fowler, H. J., and M. Ekström. "Multi‐model ensemble estimates of climate change impacts on 

UK seasonal precipitation extremes." International Journal of Climatology 29, no. 3 

(2009): 385-416. 

Fritze, Holger, Iris T. Stewart, and Edzer Pebesma. "Shifts in western North American snowmelt 

runoff regimes for the recent warm decades." Journal of Hydrometeorology 12, no. 5 

(2011): 989-1006. 

Haddeland, I., T. Skaugen, and D. P. Lettenmaier. "Hydrologic effects of land and water 

management in North America and Asia: 1700? 1992." Hydrology and Earth System 

Sciences Discussions 11, no. 2 (2007): 1035-1045. 

Hamlet, Alan F., and Dennis P. Lettenmaier. "Effects of 20th century warming and climate 

variability on flood risk in the western US." Water Resources Research 43, no. 6 (2007). 

Hamlet, A. F. "Assessing water resources adaptive capacity to climate change impacts in the 

Pacific Northwest Region of North America." Hydrology and Earth System Sciences 15, 

no. 5 (2011): 1427. 

Harding, B. L., A. W. Wood, and J. R. Prairie. "The implications of climate change scenario 

selection for future streamflow projection in the Upper Colorado River Basin." Hydrology 

and Earth System Sciences 16, no. 11 (2012): 3989-4007. 



 

36 
 

Heino, Jani, Raimo Virkkala, and Heikki Toivonen. "Climate change and freshwater biodiversity: 

detected patterns, future trends and adaptations in northern regions." Biological Reviews 

84, no. 1 (2009): 39-54. 

Hidalgo, Hugo G., T. Das, M. D. Dettinger, D. R. Cayan, D. W. Pierce, T. P. Barnett, G. Bala et 

al. "Detection and attribution of streamflow timing changes to climate change in the 

western United States." Journal of Climate 22, no. 13 (2009): 3838-3855. 

Horton, Pascal, Bettina Schaefli, Abdelkader Mezghani, Benoit Hingray, and André Musy. 

"Assessment of climate‐change impacts on alpine discharge regimes with climate model 

uncertainty." Hydrological Processes 20, no. 10 (2006): 2091-2109. 

Huntington, Thomas G., and Michael Billmire. "Trends in precipitation, runoff, and 

evapotranspiration for rivers draining to the Gulf of Maine in the United States." Journal 

of Hydrometeorology 15, no. 2 (2014): 726-743. 

Karamouz, Mohammad, and Mark H. Houck. "Annual and monthly reservoir operating rules 

generated by deterministic optimization." Water Resources Research 18, no. 5 (1982): 1337-

1344. 

Kay, A. L., H. N. Davies, V. A. Bell, and R. G. Jones. "Comparison of uncertainty sources for 

climate change impacts: flood frequency in England." Climatic Change 92, no. 1-2 (2009): 

41-63.  

Lee, Se-Yeun, Alan F. Hamlet, Carolyn J. Fitzgerald, and Stephen J. Burges. "Optimized flood 

control in the Columbia River Basin for a global warming scenario." Journal of water 

resources planning and management 135, no. 6 (2009): 440-450. 

Liang, Xu, Dennis P. Lettenmaier, Eric F. Wood, and Stephen J. Burges. "A simple hydrologically 

based model of land surface water and energy fluxes for general circulation models." Journal 

of Geophysical Research: Atmospheres 99, no. D7 (1994): 14415-14428. 

Lopez, Ana, Fai Fung, Mark New, Glenn Watts, Alan Weston, and Robert L. Wilby. "From climate 

model ensembles to climate change impacts and adaptation: A case study of water resource 

management in the southwest of England." Water resources research 45, no. 8 (2009). 



 

37 
 

Loucks, Daniel P. "Some comments on linear decision rules and chance constraints." Water 

Resources Research 6, no. 2 (1970): 668-671. 

Loucks, Daniel P., and Philp J. Dorfman. "An evaluation of some linear decision rules in chance‐

Constrained models for reservoir planning and operation." Water Resources Research 11, no. 

6 (1975): 777-782. 

Luce, Charles H., and Zachary A. Holden. "Declining annual streamflow distributions in the 

Pacific Northwest United States, 1948–2006." Geophysical Research Letters 36, no. 16 

(2009). 

Lundquist, Jessica D., Michael D. Dettinger, Iris T. Stewart, and Daniel R. Cayan. "Variability 

and trends in spring runoff in the western United States." Climate warming in western 

North America: evidence and environmental effects. University of Utah Press, Salt Lake 

City, Utah, USA (2009): 63-76. 

Maurer, Edwin P., A. W. Wood, J. C. Adam, Dennis P. Lettenmaier, and B. Nijssen. "A long-term 

hydrologically based dataset of land surface fluxes and states for the conterminous United 

States." Journal of climate 15, no. 22 (2002): 3237-3251. 

Maurer, Edwin P., Levi Brekke, Tom Pruitt, and Philip B. Duffy. "Fine‐resolution climate 

projections enhance regional climate change impact studies." Eos, Transactions American 

Geophysical Union 88, no. 47 (2007): 504-504. 

McCabe, Gregory J., and Martyn P. Clark. "Trends and variability in snowmelt runoff in the 

western United States." Journal of Hydrometeorology 6, no. 4 (2005): 476-482. 

McMahon, Thomas A., Adebayo J. Adeloye, and Sen-Lin Zhou. "Understanding performance 

measures of reservoirs." Journal of Hydrology 324, no. 1-4 (2006): 359-382. 

Mereu, Simone, Janez Sušnik, Antonio Trabucco, Andre Daccache, Lydia Vamvakeridou-

Lyroudia, Stefano Renoldi, Andrea Virdis, Dragan Savić, and Dionysis Assimacopoulos. 

"Operational resilience of reservoirs to climate change, agricultural demand, and tourism: 

a case study from Sardinia." Science of the Total Environment 543 (2016): 1028-1038. 

Mote, Philip W. "Climate-driven variability and trends in mountain snowpack in western North 

America." Journal of Climate 19, no. 23 (2006): 6209-6220. 



 

38 
 

Nawaz, N. R., and A. J. Adeloye. "Monte Carlo assessment of sampling uncertainty of climate 

change impacts on water resources yield in Yorkshire, England." Climatic change 78, no. 

2-4 (2006): 257-292. 

Nayak, Anurag, Daniel Marks, D. G. Chandler, and Mark Seyfried. "Long‐term snow, climate, 

and streamflow trends at the Reynolds Creek experimental watershed, Owyhee Mountains, 

Idaho, United States." Water Resources Research 46, no. 6 (2010). 

Nijssen, Bart, Reiner Schnur, and Dennis P. Lettenmaier. "Global retrospective estimation of soil 

moisture using the variable infiltration capacity land surface model, 1980–93." Journal of 

Climate 14, no. 8 (2001): 1790-1808. 

Oubeidillah, Abdoul A., S-C. Kao, Moetasim Ashfaq, Bibi S. Naz, and Glenn Tootle. "A large-

scale, high-resolution hydrological model parameter data set for climate change impact 

assessment for the conterminous US." Hydrology and Earth System Sciences 18, no. 1 

(2014): 67. 

Pachauri, Rajendra K., Myles R. Allen, Vicente R. Barros, John Broome, Wolfgang Cramer, 

Renate Christ, John A. Church et al. Climate change 2014: synthesis report. Contribution 

of Working Groups I, II and III to the fifth assessment report of the Intergovernmental 

Panel on Climate Change. IPCC, 2014. 

Pierce, David W., Daniel R. Cayan, Tapash Das, Edwin P. Maurer, Norman L. Miller, Yan Bao, 

M. Kanamitsu et al. "The key role of heavy precipitation events in climate model 

disagreements of future annual precipitation changes in California." Journal of Climate 26, 

no. 16 (2013): 5879-5896. 

Polade, Suraj D., Alexander Gershunov, Daniel R. Cayan, Michael D. Dettinger, and David W. 

Pierce. "Precipitation in a warming world: Assessing projected hydro-climate changes in 

California and other Mediterranean climate regions." Scientific reports 7, no. 1 (2017): 

10783. 

Prudhomme, Christel, and Helen Davies. "Assessing uncertainties in climate change impact 

analyses on the river flow regimes in the UK. Part 2: future climate." Climatic Change 93, 

no. 1-2 (2009): 197-222. 



 

39 
 

Regonda, Satish Kumar, Balaji Rajagopalan, Martyn Clark, and John Pitlick. "Seasonal cycle 

shifts in hydroclimatology over the western United States." Journal of Climate 18, no. 2 

(2005): 372-384. 

Rowell, David P. "A demonstration of the uncertainty in projections of UK climate change 

resulting from regional model formulation." Climatic Change 79, no. 3-4 (2006): 243-257. 

Shukla, S., Justin Sheffield, Eric F. Wood, and Dennis P. Lettenmaier. "On the sources of global 

land surface hydrologic predictability." Hydrology and Earth System Sciences 17, no. 7 

(2013): 2781. 

Stagge, James H., and Glenn E. Moglen. "Water Resources Adaptation to Climate and Demand 

Change in the Potomac River." Journal of Hydrologic Engineering 22, no. 11 (2017): 

04017050. 

Stainforth, David A., Tolu Aina, Carl Christensen, Mat Collins, Nick Faull, Dave J. Frame, Jamie 

A. Kettleborough et al. "Uncertainty in predictions of the climate response to rising levels 

of greenhouse gases." Nature 433, no. 7024 (2005): 403. 

Stakhiv, Eugene Z., William Werick, and Robert W. Brumbaugh. "Evolution of drought 

management policies and practices in the United States." Water Policy 18, no. S2 (2016): 

122-152. 

Stewart, Iris T., Daniel R. Cayan, and Michael D. Dettinger. "Changes toward earlier streamflow 

timing across western North America." Journal of climate 18, no. 8 (2005): 1136-1155. 

Stewart, Iris T., Daniel R. Cayan, and Michael D. Dettinger. "Changes in snowmelt runoff timing 

in western North America under abusiness as usual'climate change scenario." Climatic 

Change 62, no. 1-3 (2004): 217-232. 

Stocker, Thomas F., D. Qin, G. K. Plattner, M. Tignor, S. K. Allen, J. Boschung, A. Nauels, Y. 

Xia, V. Bex, and P. M. Midgley. "Climate change 2013: the physical science basis. 

Intergovernmental panel on climate change, working group I contribution to the IPCC fifth 

assessment report (AR5)." New York (2013). 



 

40 
 

Teutschbein, Claudia, Fredrik Wetterhall, and Jan Seibert. "Evaluation of different downscaling 

techniques for hydrological climate-change impact studies at the catchment scale." Climate 

Dynamics 37, no. 9-10 (2011): 2087-2105. 

U.S. Bureau of Reclamation. “Colorado River Basin Water Supply and Demand Study, Technical 

Report B — Water Supply Assessment (2012). 

Wang, Aihui, Kaiyuan Y. Li, and Dennis P. Lettenmaier. "Integration of the variable infiltration 

capacity model soil hydrology scheme into the community land model." Journal of 

Geophysical Research: Atmospheres 113, no. D9 (2008). 

Wang, Xiao-jun, Jian-yun Zhang, Shamsuddin Shahid, En-hong Guan, Yong-xiang Wu, Juan Gao, 

and Rui-min He. "Adaptation to climate change impacts on water demand." Mitigation and 

Adaptation Strategies for Global Change 21, no. 1 (2016): 81-99. 

Wilby, Robert L., and I. Harris. "A framework for assessing uncertainties in climate change 

impacts: Low‐flow scenarios for the River Thames, UK." Water Resources Research 42, 

no. 2 (2006). 

Wood, Andrew W., Edwin P. Maurer, Arun Kumar, and Dennis P. Lettenmaier. "Long‐range 

experimental hydrologic forecasting for the eastern United States." Journal of Geophysical 

Research: Atmospheres 107, no. D20 (2002). 

Zhou, Tian, Bart Nijssen, Huilin Gao, and Dennis P. Lettenmaier. "The contribution of reservoirs 

to global land surface water storage variations." Journal of Hydrometeorology 17, no. 1 

(2016): 309-325. 

Zhou, Yanlai, and Shenglian Guo. "Incorporating ecological requirement into multipurpose 

reservoir operating rule curves for adaptation to climate change." Journal of hydrology 498 

(2013): 153-164. 

 



 

41 
 

Curriculum Vitae 

Education  

M.Sc., Environmental Engineering, 2018 

Syracuse University, Department of Civil and Environmental Engineering, Syracuse, NY 

Thesis title: “Climate Change Impacts on Western Reservoir Operations: A Case Study of Bull 
           Run Watershed, Portland, Oregon” 

Advisors: Laura E. Condon, David Chandler 

M.Sc., Water Resources Engineering, 2014 

University of Tehran, Tehran, Iran 

B.Sc., Water Engineering, 2011 

University of Guilan, Rasht, Iran 

 

Experiences 
 

Syracuse University 

Teacher Assistant, August 2015- May 2016 

Research Assistant, May 2016- May 2017 

 
Selected Graduate Courses 
 

Advanced Hydrology 
Hydrogeology  
Biogeochemistry  
Treatment Processing in Environmental Engineering 
Environmental Chemistry & Analysis 
Designing with Geofoam 
 


