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CVG3120 – Hydrology – Midterm Exam Equation Sheet 

Water Budget Equation 

∆ܵ = ܫ − ܱ 

∆ܵ
ݐ∆

= ܫ ̅ − തܱ 

߲ܵ
ݐ߲

= (ݐ)ܫ −  (ݐ)ܱ

ܵଶ − ଵܵ

ଶݐ − ଵݐ
=

ଶܫ + ଵܫ

2
−

ܱଶ + ଵܱ

2
 

݀
ݐ݀

൫ܵ௦ + ܵ௠ + ௚ܵ + ௜ܵ൯ = ௥ܫ + ௦௡ܫ − ௦ܱ௥ − ܱ௦௕ − ௚ܱ − ݁ − ݁௧ 

 surface runoff ࢙࢘ࡻ surface storage ࢙ࡿ

 subsurface flow ࢈࢙ࡻ moisture storage ࢓ࡿ

 groundwater flow ࢍࡻ groundwater storage ࢍࡿ

 evaporation ࢋ interception storage ࢏ࡿ

 transpiration ࢚ࢋ rainfall input ࢘ࡵ

   snow input ࢔࢙ࡵ

 

Watershed Shape Parameters 

ூܮ =   ଴.ଷ where all distances are in miles, and Lca is length to the center of area(௖௔ܮܮ)

௖ܨ =
௉

√ସగ஺
 where P is watershed perimeter and A is watershed area 

ܴ௖ =
஺

஺బ
 where A0 is the area of a circle which has the same perimeter as the watershed 

௖ܨ 
ଶ =

ଵ

ோ೎
 

ܴ௘ =
ଶ

௅೘
ට

஺

గ
 where Lm is maximum length of the watershed parallel to the principal drainage lines 

ܵ =
∆ா

௅
; ܵ௖ =

∆ா೎

௅೎
; ଵܵ଴ି଼ =

∆ாభబషఴఱ

௅భబషఴఱ
 

Manning’s Equation 

ܸ =
ଵ.ସଽ

௡
ܴ௛

ଶ/ଷ√ܵ  (Imperial Units) 
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ܳ =
ଵ.ସଽ

௡
௛ܴܣ

ଶ/ଷ√ܵ =
ଵ.ସଽ

௡

஺ఱ/య

௉మ/య √ܵ (Imperial Units)  

where, V is average stream velocity [ft/s], Rh is hydraulic radius [ft], P is wetted perimeter [ft], S is bed 
slope [-], n is Manning coefficient, Q is discharge [ft3/s] 

ܸ =
ଵ

௡
ܴ௛

ଶ/ଷ√ܵ (SI Units) 

ܳ =
ଵ

௡
௛ܴܣ

ଶ/ଷ√ܵ =
ଵ

௡

஺ఱ/య

௉మ/య √ܵ (SI Units) 

where, V is average stream velocity [m/s], Rh is hydraulic radius [m], P is wetted perimeter [m], S is bed 
slope [-], n is Manning coefficient, Q is discharge [m3/s] 

ܴ௛ = ܣ
ܲൗ  

݊ = ෍ ݊௞

௞ୀ଺

௞ୀ଴

 

Concentration and Travel Time 

௧ሾminሿݐ =
௅ሾ୫ሿ

଺଴ሾୱሿ×௏ሾ୫/ୱሿ
௧ሾminሿݐ ; = ∑

௅ೕሾ୫ሿ

଺଴ሾୱሿ×௏ೕሾ୫/ୱሿ
௜ୀ௝
௜ୀ଴  

ܸ =
1.49

݊
ܴ௛

ଶ/ଷ√ܵ = ݇√ܵ 

݀ = 0.000131
௡௅௜

√ௌ
 (for wide and shallow flows) 

where, L is flow path length  [ft], i is in [in/hr] and d is in [ft] 

௧ݐ =
଴.ଽଷ଼

௜బ.ర ቀ
௡௅

√ௌ
ቁ

଴.଺
 (sheet flow travel time) 

SCS CN Method 

௖ݐ = ଼.଴ܮ0.00526 ቀ
ଵ଴଴଴

େ୒
− 9ቁ

଴.଻ ଵ

√ௌ
 (for homogeneous watersheds of 2000 acres and less (i.e. < 8 km2)) 

CN୵ =
∑ ௜CN୧ܣ

ே
௜ୀଵ

∑ ௜ܣ
ே
௜ୀଵ

 

where, Ai is the area corresponding to CNi 

ொܸ =
(ܲ − ௔)ଶܫ

(ܲ − (௔ܫ + ܵ
=

(ܲ − 0.2ܵ)ଶ

ܲ + 0.8ܵ
 

CN =
1000

ܵሾinሿ + 10
 

CN୵ = CN୮(1 − ݂) + 98݂ 
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where, f is the fraction of imperviousness, and CNp is the curve number for the pervious portion for open 
space, good condition 

CN୵ = CN୮ + ݂൫98 − CN୮൯(1 − 0.5ܴ) 

where, R is the ratio of the unconnected impervious area to the total impervious area 

Probability 

ݔ)݌ = (଴ݔ =
݊
ܰ

 

Where x0 is observed value, n is number of times observed, and N is sample size 

(௞ݔ)݌ = ݔ)݌ = ௞)  0ݔ ≤ (௞ݔ)݌ ≤ 1 

෍ (௞ݔ)݌ = 1

ே

௞ୀଵ

 

(௞ݔ)ܨ = ݔ)݌ ≤ (௞ݔ = ∑ ௝൯ேݔ൫݌
௝ୀଵ    

where, ܨ(ݔ௞) is cumulative-mass function 

ଵݔ)݌ ≤ ݔ ≤ (ଶݔ = න ݔ݀(ݔ)݂
௫మ

௫భ

 

න ݔ݀(ݔ)݂
ஶ

ିஶ
= 1 

(௞ݔ)ܨ = ݔ)݌ ≤ (௞ݔ = ׬ ݔ݀(ݔ)݂
௫ೖ

ିஶ
  

൫̅ݔ or ߤ൯ = ׬ ݔ݀(ݔ)݂ݔ
ஶ

ିஶ
 (continuous random variables) 

൫̅ݔ or ߤ൯ = ∑ ஶ(௜ݔ)݌௜ݔ
ିஶ ; ൫̅ݔ or ߤ൯ =

ଵ

௡
∑ ௜ݔ

௡
௜ୀଵ  (discrete random variables) 

൫ܵଶ or ߪଶ൯ = ׬ ݔ) − ݔ݀(ݔ)ଶ݂(ߤ
ஶ

ିஶ
 (continuous random variables) 

൫ܵଶ or ߪଶ൯ = ∑ ௜ݔ) − ௡(௜ݔ)݌ଶ(ߤ
௜ୀଵ ; ൫ܵଶ or ߪଶ൯ =

∑ (௫೔ିఓ)మ೙
೔సభ

௡ିଵ
=

ቂ∑ ௫೔
మି

భ
೙൫∑ ௫೔

೙
೔సభ ൯

మ೙
೔సభ ቃ

௡ିଵ
 (discrete random variables) 

൫݃ or ߛ൯ = ׬ ݔ) − ݔ݀(ݔ)ଷ݂(ߤ
ஶ

ିஶ
 (continuous random variables) 

൫݃ or ߛ൯ = ∑ ௜ݔ) − ௡(௜ݔ)݌ଷ(ߤ
௜ୀଵ ; ൫݃ or ߛ൯ =

ଵ

௡
∑ ௜ݔ) − ଷ௡(ߤ

௜ୀଵ =
௡ ∑ (௫೔ିఓ)య೙

೔సభ
(௡ିଵ)(௡ିଶ)ௌయ (discrete random variables) 

Normal (Gaussian) Distribution 

(ݔ)݂ =
ଵ

ఙ√ଶగ
exp ൤−

ଵ

ଶ
ቀ

௫ିఓ

ఙ
ቁ

ଶ
൨ for −∞ < ݖ < +∞ 
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(ݖ)݂ =
ଵ

√ଶగ
exp ቂ−

ଵ

ଶ
∞− ଶቃ forݖ < ݖ < ݖ  ; ∞+ =

௫ିఓ

ఙ
 

Binomial Distribution 

௡ܥ
௞ =

௡!

௞!(௡ି௞)!
ሼ݇|݊ሽ݌ ; = ௡ܥ

௞݌௞(1 −  ௡ି௞ (k events occurring in n trials)(݌

Recurrence Interval or Return Period 

ொ೘ೌೣ݌ = ܳ)݌ > ܳ௠௔௫) = න (ݔ)݂

ஶ

ொ೘ೌೣ

ݔ݀ = 1 −  (௠௔௫ܳ)ܨ

ொܶ೘ೌೣ =
1

ொ೘ೌೣ݌

=
1

1 − (௠௔௫ܳ)ܨ
 

Risk =  1 − probability of no occurrence = 1 − p(0) = 1 − ൫1 − ொ೘ೌೣ݌ ൯
௡

 

Reliability =  1 −  Risk 

Population Models 

Distribution Parameters PDF 

Exponential ܽ ݂(ݔ; ܽ) =     ܽ݁ି௔௫     ݔ ≥ 0  
ݔ             0 < 0  

Normal ߤ, ;ݔ൫݂ ߪ  ,ߤ ൯ߪ  =
1

ߨ2√ߪ
exp ൤−

1
2

ቀ
ݔ − ߤ

ߪ
ቁ

ଶ

൨ 

Lognormal ߤ, ;ݔ൫݂ ߪ  ,ߤ ൯ߪ  =
1

ߨ2√ߪݔ
exp ቈ−

1
2

൬
lnݔ − ߤ

ߪ
൰

ଶ

቉ 

Gamma ܽ, (ݔ)݂ ܾ  =
1

ܾ௔߁(ܽ)
௔ିଵ݁ݔ

ି௫
௕  

Pearson Type III ܽ,  ܾ, (ݔ)݂ ܿ  =
1

(ܾ)߁ܽ
ቀ

ݔ − ܿ
ܽ

ቁ
௕ିଵ

exp ቀ−
ݔ − ܿ

ܽ
ቁ 

Log-Pearson Type III ܽ,  ܾ, (ݔ)݂ ܿ  =
1

(ܾ)߁ݔܽ
൬

lnݔ − ܿ
ܽ

൰
௕ିଵ

exp ൬−
lnݔ − ܿ

ܽ
൰ 

 

ߤ = ׬ ;ݔ)݂ݔ ݔ݀(ܽ
ାஶ

ିஶ
=

ଵ

௔
 (exponential distribution) 

Plotting Position Formulas 

௜݌ =
௜

௡ାଵ
 (Weibull); ݌௜ =

௜ି଴.ହ

௡
 (Hazen);  ݌௜ =

௜ି଴.ସ

௡ା଴.ଶ
 (Cunnane) 

Frequency Factors 

்ܳ = തܺ + ,൫ܶܭ  Distribution൯ܵ (normal distribution) 
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where, തܺ is generally the mean of the data set and ܵ its standard deviation 

்ܳ = ݁௑തା௄൫், ୈ୧ୱ୲୰୧ୠ୳୲୧୭୬൯ௌ (Lognormal and Log-Pearson distribution) 

Single Return Period Equations 

்ܳ  =  ܾ଴ ଵܺ
௕భܺଶ

௕మ … ܺ௣
௕೛  

where, ்ܳ  is peak discharge, ௝ܺ is the jth watershed characteristic and bj is a regression coefficient (j = 1, 2, … 
p) 

 
Areal Precipitation  
 
തܲ = ∑ ௜ܲ ቀ

஺೔

஺ೢ
ቁே

௜ୀଵ  (Arithmetic Method) 

തܲ = ∑ ௜ܲ ቀ
஺೔

஺೅
ቁே

௜ୀଵ  (Thiessen Polygon Method) 
തܲ = ∑ ௉೔

ே
ே
௜ୀଵ   (Isohyetal Method) 

 
 
Missing Precipitation Record 
 
ܽ௜ =

૚

࢓
⇒  ௫ܲ = ∑ ௜ܲ(ܽ௜)௠

௜ୀଵ = ∑ ቀ
௉೔

௠
ቁ௠

௜ୀଵ  (Arithmetic Average Method)  

ܽ௜ =
ଵ

஽೔
మ൘

∑ ଵ/஽೔
మ೘

೔సభ
⇒  ௫ܲ = ∑ ௜ܲ(ܽ௜)௠

௜ୀଵ  (Inverse Distance Method) 

ܽ௜ =
ேೣ

௠×ே೔
⇒  ௫ܲ = ∑ ௜ܲ(ܽ௜)௠

௜ୀଵ  (Normal ratio method) 

where, m is the number of stations, Di is the distance between station, Nx is the normal 
precipitation at the target station, Ni is the normal precipitation 
 

 


