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Streamflow Completion, 
Naturalized and Unimpaired

Flows

Dr. Samuel Sandoval Solis
Professor and Specialist in Water Resources Management

• Data completion
• Observed flows
• Natural Flows
• Impaired flows
• Examples
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Hydrologic Foundation
 Observed Data (𝑄௧

ூௗ
, 𝑄௧

ை௦௩ௗ): CDEC, GAGESII, USGS. Flow + Type of Alteration

 Unimpaired Data (𝑄௧
ௗ

)

Natural Streamflow Classification

Catchment Properties

Climate Patterns

Geology and Soils

eflows.ucdavis.edu
Lane, B.A., Sandoval‐Solis, S., Stein, E.D., Yarnell, S.H., Pasternack, G.B. and Dahlke, H.E. (2018). Beyond 
metrics? The role of hydrologic baseline archetypes in environmental water management. Journal of  
Environmental Management.
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eflows.ucdavis.edu

(SM) Snowmelt
(HSR) High-volume snowmelt and rain
(LSR) Low-volume snowmelt and rain
(RSG) Rain and seasonal groundwater
(WS) Winter storms
(GW) Groundwater
(PGR) Perennial groundwater and rain
(FER) Flashy, ephemeral rain
(HLP) High elevation, low precipitation

Hydrologic Foundation
 Impaired Data (𝑄௧

ூௗ
, 𝑄௧

ை௦௩ௗ): CDEC, GAGESII, USGS. Flow + Type of Alteration

 Impaired Data (𝑄௧
ௗ

):

Mass Balance
𝑄௧
௪௦௧

𝐷𝑖𝑣𝑒𝑟௧
𝐸𝑥𝑝𝑜𝑟𝑡௧
𝐿𝑜𝑠𝑠𝑒𝑠௧

𝑄௧
௦௧

𝑅𝑒𝑡𝑢𝑟𝑛௧
𝐼𝑚𝑝𝑜𝑟𝑡௧
𝐺𝑎𝑖𝑛𝑠௧```````

Mass Balance
Δ𝑆௧ ൌ 𝐼௧ െ 𝑂௧

Naturalized Flow
Q୲
୬୧୫୮ୟ୧୰ୣୢ → IF୲ ൌ O୲ െ I୲
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3 ‐ Above Dos Rios

4 ‐ Below Middle Fork

6 ‐ Scotia

5 ‐ Fort Seward

1

Scott Dam

Van Arsdale

Below
Middle Fork

Scotia

Fort
Seward

Above 
Dos Rios

Nat: 5,451

Nat: 3,266

Nat: 2,118

Nat: 1,079

1 ‐ Scott Dam

Nat: 414

Natural Flows

Average Volume in Thousand Acre‐Ft / Year

Natural Flows
Eel River Basin
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Imp: 5,326

Imp: 3,142

Imp: 1,991

Imp: 951

Imp: 368

Imp: 408

Impair Flows

Natural Flows
Eel River Basin

Ph.D. Samuel Sandoval Solis
M.S. Laura Elisa Garza Díaz
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Natural hydrology : Northern Branch
Blythe, T., and Schmidt, J.  (2017). Estimating the natural flow 
regime of rivers with long‐standing development: the northern 
branch of the Rio Grande. J. Water Resources Research. Submitted

Lobatos, CO Otowi Bridge, NM

San Marcial, NM Presidio, TX

Natural

Flow Regime

Gonzalez‐Escorcia, Y.A. (2017). Determining the Natural Flow in the
Transboundary Rio grande/Bravo Basin. Master Thesis. Instituto 
Politecnico Nacional, University of California, Davis. Davis, CA.

Natural hydrology : Southern Branch



4/12/2020

6

Hydrologic Foundation
 Impaired Data (𝑄௧

ூௗ
, 𝑄௧

ை௦௩ௗ): CDEC, GAGESII, USGS. Flow + Type of Alteration

 Impaired Data (𝑄௧
ௗ

):

Mass Balance Mass Balance
Δ𝑆௧ ൌ 𝐼௧ െ 𝑂௧

Hydrologic Modeling
Climate: P, T, W, R, 
Land Use:  Areas, Soil Charac., Crops Kc, 

Runoff:  𝑄௧
ூௗ

, Calib., Valid.

Change to Nat. Landscape = 𝑄௧
ௗ

Rainfall‐Runoff
Model

Unimpaired Flow

Q୲
୬୧୫୮ୟ୧୰ୣୢ

𝑄௧
௪௦௧

𝐷𝑖𝑣𝑒𝑟௧
𝐸𝑥𝑝𝑜𝑟𝑡௧
𝐿𝑜𝑠𝑠𝑒𝑠௧

𝑄௧
௦௧

𝑅𝑒𝑡𝑢𝑟𝑛௧
𝐼𝑚𝑝𝑜𝑟𝑡௧
𝐺𝑎𝑖𝑛𝑠௧```````

Naturalized Flow
Q୲
୬୧୫୮ୟ୧୰ୣୢ → IF୲ ൌ O୲ െ I୲

Tedzami River
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Calibration (Jan/1953 – Dec/1955)

13

R2
0.706

Index of Agreement (Willmott) 0.504

Coefficient of Efficiency (Nash) 0.629

Tedzami River

Validation (Jan/1956 – Dec/1958) 

14

R2
0.694

Index of Agreement (Willmott) 0.737

Coefficient of Efficiency (Nash) 0.644

Tedzami River
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Prediction 30 Years 
(Jan/1948 – Dec/1977)

Predict: (Jan/1948 – Dec/1977)

Tedzami River

Hydrologic Foundation
 Impaired Data (𝑄௧

ூௗ
, 𝑄௧

ை௦௩ௗ): CDEC, GAGESII, USGS. Flow + Type of Alteration

 Impaired Data (𝑄௧
ௗ

):

Mass Balance Mass Balance
Δ𝑆௧ ൌ 𝐼௧ െ 𝑂௧

Hydrologic Modeling
Climate: P, T, W, R, 
Land Use:  Areas, Soil Charac., Crops Kc, 

Runoff:  𝑄௧
ூௗ

, Calib., Valid.

Change to Nat. Landscape = 𝑄௧
ௗ

Rainfall‐Runoff
Model

Unimpaired Flow

Q୲
୬୧୫୮ୟ୧୰ୣୢ

Percentile Method
QPPQ
Method

𝑄௧
௪௦௧

𝐷𝑖𝑣𝑒𝑟௧
𝐸𝑥𝑝𝑜𝑟𝑡௧
𝐿𝑜𝑠𝑠𝑒𝑠௧

𝑄௧
௦௧

𝑅𝑒𝑡𝑢𝑟𝑛௧
𝐼𝑚𝑝𝑜𝑟𝑡௧
𝐺𝑎𝑖𝑛𝑠௧```````

Naturalized Flow
Q୲
୬୧୫୮ୟ୧୰ୣୢ → IF୲ ൌ O୲ െ I୲

Unimpaired or Nat. Flow

Q୲
୬୧୫୮ୟ୧୰ୣୢ ୭୰ ୟ୲.
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QPPQ Massachusetts
Gauge with recorded streamflow

Gauge with missing streamflow data

Q

P(Q>x)

Q

Time

P(Q>x)Time

QQ

0 1

0 1

QPPQ Massachusetts
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Tedzami River

Hydrologic Foundation
 Impaired Data (𝑄௧

ூௗ
, 𝑄௧

ை௦௩ௗ): CDEC, GAGESII, USGS. Flow + Type of Alteration

 Impaired Data (𝑄௧
ௗ

):

Mass Balance Mass Balance
Δ𝑆௧ ൌ 𝐼௧ െ 𝑂௧

Hydrologic Modeling
Climate: P, T, W, R, 
Land Use:  Areas, Soil Charac., Crops Kc, 

Runoff:  𝑄௧
ூௗ

, Calib., Valid.

Change to Nat. Landscape = 𝑄௧
ௗ

Rainfall‐Runoff
Model

Unimpaired Flow

Q୲
୬୧୫୮ୟ୧୰ୣୢ

Percentile Method
QPPQ
Method

Hydraulic Routing Muskingum

Regression Analysis

𝑄௧
௪௦௧

𝐷𝑖𝑣𝑒𝑟௧
𝐸𝑥𝑝𝑜𝑟𝑡௧
𝐿𝑜𝑠𝑠𝑒𝑠௧

𝑄௧
௦௧

𝑅𝑒𝑡𝑢𝑟𝑛௧
𝐼𝑚𝑝𝑜𝑟𝑡௧
𝐺𝑎𝑖𝑛𝑠௧```````

Naturalized Flow
Q୲
୬୧୫୮ୟ୧୰ୣୢ → IF୲ ൌ O୲ െ I୲

Unimpaired or Nat. Flow

Q୲
୬୧୫୮ୟ୧୰ୣୢ ୭୰ ୟ୲.

Unimpaired or Nat. Flow

Q୲
୬୧୫୮ୟ୧୰ୣୢ ୭୰ ୟ୲.

Unimpaired or Nat. Flow

Q୲
୬୧୫୮ୟ୧୰ୣୢ ୭୰ ୟ୲.
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Data Analysis: Data Sources

Data Analysis: Estimating Missing Data

Eagle Pass

‐ Gage Height at Eagle Pass but not discharge
‐ Missing data for 2 years
‐ Using Laredo to fill missing data at Eagle Pass 
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Data Sources

Data Analysis: Estimating Missing Data

Eagle Pass

‐ Determined the relation between Eagle 
Pass and Del Rio [for each month!!!]

Del Rio
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Data Sources

Data Analysis: Estimating Missing Data

Langtry

‐ Determined the relation between Eagle 
Pass and Del Rio [for each month!!!]

Del Rio
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Data Sources

Data Analysis: Estimating Missing Data

‐ Eagle Pass – Del Rio
‐ Del Rio – Langtry
‐ Eagle Pass – Laredo
‐ Laredo ‐ Roma

Eagle Pass

Laredo

Langtry

Del Rio

Roma
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Data Sources

Estimating Missing Data: 
Does it make sense?

Eagle Pass
Laredo

Langtry
Del Rio

Roma

Presidio

American Dam
Fort Quitman

00‐13

24‐43

14‐23



4/12/2020

16

Hydrologic Foundation
 Impaired Data (𝑄௧

ூௗ
, 𝑄௧

ை௦௩ௗ): CDEC, GAGESII, USGS. Flow + Type of Alteration

 Impaired Data (𝑄௧
ௗ

):

Mass Balance Mass Balance
Δ𝑆௧ ൌ 𝐼௧ െ 𝑂௧

Hydrologic Modeling
Climate: P, T, W, R, 
Land Use:  Areas, Soil Charac., Crops Kc, 

Runoff:  𝑄௧
ூௗ

, Calib., Valid.

Change to Nat. Landscape = 𝑄௧
ௗ

Rainfall‐Runoff
Model

Unimpaired Flow

Q୲
୬୧୫୮ୟ୧୰ୣୢ

Percentile Method
QPPQ
Method

Unimpaired or Nat. Flow

Q୲
୬୧୫୮ୟ୧୰ୣୢ ୭୰ ୟ୲.

Hydraulic Routing Muskingum

Regression Analysis

Unimpaired or Nat. Flow

Q୲
୬୧୫୮ୟ୧୰ୣୢ ୭୰ ୟ୲.

Unimpaired or Nat. Flow

Q୲
୬୧୫୮ୟ୧୰ୣୢ ୭୰ ୟ୲.

𝑄௧
௪௦௧

𝐷𝑖𝑣𝑒𝑟௧
𝐸𝑥𝑝𝑜𝑟𝑡௧
𝐿𝑜𝑠𝑠𝑒𝑠௧

𝑄௧
௦௧

𝑅𝑒𝑡𝑢𝑟𝑛௧
𝐼𝑚𝑝𝑜𝑟𝑡௧
𝐺𝑎𝑖𝑛𝑠௧```````

Naturalized Flow
Q୲
ୟ୲୳୰ୟ୪୧ୣୢ → IF୲ ൌ O୲ െ I୲

Thank you
samsandoval@ucdavis.edu

watermanagement.ucdavis.edu
eflows.ucdavis.edu


