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Introduction 
 
This Technical Memorandum (TM) describes the impacts that past and potential future 
land use changes have on peak discharges and 3-day average discharges at the four 
locations in the watershed used as a basis of comparison.  (See TM 1.2.1 for a description 
of the basis of comparison.)  Four land use scenarios were agreed-upon by the Staff 
Working Group and accepted by the Board of the Pajaro River Watershed Flood 
Prevention Authority.  These four scenarios look at past land use, future planned land 
use, an extension to planned land use, and at changes to existing agricultural uses. 
 
 
Project Scope and Background  
 
The Pajaro River Watershed Flood Prevention Authority was formed to develop flood 
protection strategies in the Pajaro River Watershed.  The first phase in developing the 
strategies is to construct a stream flow model.  The model shall address a number of key 
issues, including the following: 
 
• What are the causes of flooding on the Pajaro River? 
• Has rainfall runoff increased downstream with increasing development upstream? 
• Has the improvement and/or maintenance of streams affected flooding? 
• Has erosion or sedimentation in the streams affected flooding? 
• Have upstream retention basins reduced or mitigated the degree of flooding? 
• How will future conditions change the degree of flooding? 
 
Answering these and other related questions regarding Pajaro River flooding requires the 
development of hydrologic and sediment models for the Pajaro River and its tributaries.   
 

in association with

Pajaro River Watershed Study 
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Setting 
 
The Pajaro River drains an area of approximately 1,300 square miles of the coastal plains 
and mountains of Central California.  A tributary of Monterey Bay, the watershed drains 
portions of Santa Cruz, Monterey, Santa Clara and San Benito Counties.  As shown in 
Figure 1 (previously submitted with TM1.2.1) the watershed is somewhat elongated 
toward the southeast.   
 
The lower portions of the Pajaro River from Murphy’s Crossing to the Pacific Ocean are 
protected by a Corps of Engineers levee project constructed between 1949 and 1952. 
Four miles above this federal project is the USGS stream gage – Pajaro River at 
Chittenden, CA.  This gage has been in continuous operation since the 1939 water year.  
The drainage area at this gage is 1,186 square miles.   
 
Two miles above the Chittenden gage site, the San Benito River is confluent to the 
Pajaro.  At this point the San Benito River drains 661 square miles  - slightly more than 
half the drainage area at the Chittenden gage.  The Pajaro River at US Highway 101 is 
just downstream of the outlet of “Lower Soap Lake” – a low-lying area of Santa Clara 
and San Benito Counties.  This outlet has drainage area of approximately 500 square 
miles and includes such tributary watercourses as: Uvas Creek, Llagas Creek, Pacheco 
Creek and Santa Ana Creek.   
 
 
The Four Scenarios 
 
PRO-FLO, the hydrologic model for the Pajaro River watershed, was described in TM 
1.2.7.  The model uses Curve Numbers and percentage of imperviousness along with a 
unit hydrograph to convert design rainfall into a runoff hydrograph.  Runoff hydrographs 
yield two discharge parameters that are used as comparators: instantaneous peak 
discharge, and 3-day average discharge.  The PRO-FLO model was calibrated to 
frequency curves at stream gages in the watershed under existing land use conditions.   
 
This TM focuses on the potential changes in instantaneous peak and 3-day average 
discharges that might have occurred over time, and that might occur should urban 
development continue in the watershed or should some major changes in agricultural uses 
occur throughout the watershed.    
 
Four land use scenarios were conceptualized and agreed-upon by the Staff Working 
Group and by the Board of Directors of the Authority.  These four land use scenarios are:  
General Plan Build-out; 1947 Conditions; Ultimate-ultimate Urbanization; and Worst 
Case Agricultural Conditions. 
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General Plan Build-out 
 
This land use scenario simply reflected the total build-out as called for in current land use 
plans of record for: Monterey, San Benito, Santa Cruz and Santa Clara Counties; as well 
as the cities of Gilroy, Hollister, Morgan Hill, San Juan Bautista and Watsonville.  Many 
of the jurisdictions are undergoing land use plan changes.  However, for this hydrologic 
analysis, the existing land use plans of record were used.   
 
While there is no specific date associated with the general plan build-out scenario, it is 
believed that the year 2020 would be a reasonable date to use if one were needed.  Most 
of the jurisdictions have land use plan dates earlier than 2020.  However, it was believed 
that 2020 would be the date that represented an optimistic time when the plans might be 
expected to be at build-out conditions.  
 
Table 10.1 shows the changes in Curve Number (CN) and percent impervious from 
existing conditions.  The CN’s in the table are for Antecedent Moisture Condition II.   
 
Large changes in imperviousness in sub-watersheds SB-4, SA-2 and TQ-1 reflect general 
plan urbanization in and around the city of Hollister.  Changes in SB-5 reflect general 
plan urbanization in and around the city of San Juan Bautista.  Changes in LL-2 reflect 
the planned urbanization in the city of Morgan Hill.  Changes in LL-3 and UV-2 reflect 
planned changes in and around the City of Gilroy.  Changes in CO-1, SL-2 and WQS-1 
reflect planned changes in and around the city of Watsonville.   
 
Viewed from an overall watershed perspective, the amount of the 1,300 square mile 
watershed that is in urban uses (defined as Low Intensity Residential, High Intensity 
Residential, Commercial/Industrial/Transportation, and Urban/Recreational Grasses as 
shown in Appendices A and B in TM 1.2.6) changed from 2.4 percent under existing 
conditions to 6.2 percent under General Plan build-out conditions.  This change in land 
use accounts for a change in impervious surfaces in the watershed of only 1.3 percent.  
Under existing conditions approximately 1.7 percent of the 1,300 square miles of 
drainage area is impervious, while under general plan build-out conditions the percent of 
the watershed that is impervious would be approximately 3 percent.    
 
1947 Conditions 
 
This land use scenario was selected because it was believed that it best reflects watershed 
conditions as they existed when the Corps of Engineers planned the existing Pajaro River 
Flood Protection Project.  Modeling flooding for the year 1947 also represents conditions 
as they were in the year 1955. 
 
The land uses in 1947 were estimated using USGS quadrangle maps from the years 1945 
to 1953.  Urban areas were fairly easily identified in the old quadrangles.  Cropping 
patterns were more difficult to determine.  The quadrangle maps showed a large portion 
of the valleys in orchard.  Estimates based on the quadrangle maps and various historic 
photos were used to develop the changes in CN shown in Table 10.2.  The decreases in 
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percent impervious reflect the reduction in urbanization based on existing conditions.    
CN’s generally decrease slightly from existing levels. 
 
In addition to changing percent imperviousness and CN, the 1947 hydrologic model also 
changed four important routing parameters in the model.  Three dams had not yet been 
constructed and thus were removed from the existing conditions model.  These were: 
Uvas Dam, Chesbro Dam and Hernandez Dam.  The only dam in place in 1947 was 
Pacheco Dam.  Llagas Creek in 1947 did not have the existing engineered, partially 
leveed channel in its lower reaches.  To account for this pre-channel condition, the 
routing in this reach was changed to reflect more attenuation that would be expected with 
a smaller channel and a larger floodplain.  . 
 
The urbanization of the watershed in 1947 is estimated as 1 percent as compared to 2.4 
percent under existing conditions.  The percent imperviousness of the watershed was 
approximately 1.1 percent as compared to 1.7 percent under existing conditions.      
  
Ultimate Build-out Conditions 
 
This land use scenario was simply an extension of the existing general plans of the nine 
jurisdictions in the watershed.  It took the “2020” plan and extended it to “2050.”  Thus 
the scenario is alternately called the “2050” scenario or the “ultimate-ultimate” scenario.  
The planning put into this scenario was simply that of extending currently planned 
urbanization by using a mathematical formula.  There was no planning work done to see 
if the areas could accommodate the projected growth from any standpoint, whether water 
supply, sewer capacity, transportation, environmental, water or air quality or any other of 
the myriad considerations that go into developing a proper land use plan.  While there are 
other independent growth projection studies for communities, this method was chosen to 
ensure consistency throughout the watershed.  Individual communities use various 
methods and therefore should be used in conjunction with one another.  This “2050” plan 
is only for use in determining whether a flood protection project, constructed on the 
Pajaro River today, could be in jeopardy of having its level of protection significantly 
altered by future urban growth in the watershed during the life of that project.   
 
The percent of the watershed that was in urban uses increased to 9.6 percent from the 
existing level of 2.4 percent and the general plan build-out level of 6.2 percent.  The 
percent imperviousness in the watershed would be expected to rise to 4.1 percent from an 
existing level of 1.7 percent and a general plan build-out level of 3 percent. 
 
The change in percent impervious and CN from General Plan Build-out level is shown in 
Table 10.3.  The pattern of urbanization can be seen to mirror the existing trend as shown 
in the existing general plans – urban areas were projected to grow in and near Morgan 
Hill, Gilroy, Hollister, San Juan Bautista and Watsonville. 
 
Maximum Agriculture 
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This land use scenario was included so as to assess the hydrologic impact of agriculture 
in the watershed.  Under existing conditions while urban uses account for 2.4 percent of 
the watershed, agricultural uses account for 7.5 percent (excluding the pasture/hay 
category.)  If, it was wondered, all of this 7.5 percent was converted to row crops and all 
of it was farmed under poor hydrologic conditions, what would the impact be on 
downstream peak discharge and 3-day average discharge?  The runoff from agriculture 
under this worst-case condition could then be expected to be at a maximum.  This gave 
rise to the scenario’s title – Maximum Agriculture.  
 
Similar to the  “2050” scenario, there was no consideration given to the availability of 
water to convert the land to row crops nor thought to the soil conditions or any other 
consideration a farmer might make before changing orchard or vineyard or fallow land to 
row crops.  The assumption of “poor hydrologic conditions” implies that the row crops 
uses do not have any features to control runoff by contour plowing or any other 
conservation practice recommended by the Department of Agriculture. 
 
For this scenario the changes in CN from existing condition are shown in Table 10.4.   
There were no changes to percent impervious as this scenario assumes that only 
agricultural uses change – there were no changes to urban uses. 
 
 
Results 
 
The PRO-FLO hydrologic model was run with each scenario and compared to existing 
conditions model results.  Table 10.5 shows the changes for peak discharge for the six 
return periods at the four decision locations.  Table 10.6 shows the changes in 3-day 
average discharge for the same return periods at the same four locations. 
 
Focusing on the Maximum Agriculture Scenario on Tables 10.5 and 10.6, it is evident 
that even if all currently agricultural uses in the watershed were converted to row crops 
under poor hydrologic conditions the changes in peak discharge and 3-day average 
discharge for the 25-year to 200-year return periods is well under a 2 percent increase 
from existing conditions in the watershed at the four decision points.  Agricultural 
practices can have an impact on both peak discharge and 3-day average discharge but that 
impact is small. 
 
At the 2-year and 10-year return periods the changes in agricultural practices have a 
much larger impact.  The major impact comes from the Lower Soap Lake watershed that 
includes agricultural uses in the South Santa Clara Valley and the Hollister Valley as well 
as in the Bolsa.  Changes in the San Benito River watershed were very small as only a 
small percent of that watershed is currently in agricultural uses. 
 
 Focusing on the General Plan Build-out Scenario and the Ultimate Build-out Scenario on 
Tables 10.5 and 10.6, it can be seen that, similar to the Maximum Agriculture scenario, 
the changes to the design discharges at the larger return periods are rather small, ranging 
from a high of 7.9 percent for peak discharge at Chittenden under Ultimate-ultimate 
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conditions for the 25-year flood, to 0.2 percent for the 3-day volume for the 200-year 
flood for the San Benito River watershed.  
 
The changes to peak discharge and volume are greater on a percentage basis downstream 
of Salispuedes Creek than they are at the Chittenden stream gage.  Urbanization 
downstream of the Chittenden stream gage has an impact on the design discharges on the 
lower Pajaro River.   
 
The changes to 2-year peak discharges and 3-day average discharges are significantly 
increased under either General Plan Build-out or Ultimate-ultimate.  The impervious 
surfaces added as part of the urbanization conditions generate more runoff.   Even if held 
temporarily to reduce peak discharges, the volume of runoff is increased.  The more 
common the event, the more the percent change in runoff volume.   
 
At Chittenden, for example, the existing 2-year, 3-day average discharge is 
approximately 2,000 cfs and the 10-year is 12,000 cfs.  Using the percent change from 
Table 10.6, under the Ultimate-ultimate scenario the 2-year discharge would increase to 
2,400 cfs and the 10-year discharge to 12,800 cfs.  The 100-year, 3-day average discharge 
would change from 34,000 cfs to 34,900 cfs under this same scenario.  Urban land uses 
have only a small effect on the design levels of peak discharge or 3-day average 
discharge.  However, urban land uses could create (percentage-wise) significantly more 
discharge during the more frequent events. 
 
The modeling of the hydrologic changes due to urbanization in either the General Plan 
Build-out scenario or the Ultimate-ultimate scenario did not consider any control 
mechanisms that could mitigate the increases in peak discharge from the smaller flood 
events.  It is currently common practice to require some type of detention basin (and in 
some cases retention basins) to mitigate the immediate downstream effects of 
urbanization on peak discharge.  While inclusion of such mitigation measures might 
change the model results somewhat, it is clear that without retention facilities, the 3-day 
volumes will increase as shown in Table 10.6 even with small detention basins.  Those 
basins usually store large flood waves for only a short time and release them at a rate 
lower than the maximum inflow rate.  These detention basins do, however, release all the 
runoff volume into the downstream system in a relatively short time.  Therefore, it is not 
expected that mitigation measures that consist of only detention basins will have any 
impact on the potential increases in the 3-day average discharge due to urbanization. 
 
The use of retention basins where runoff in percolated into the ground can be effective 
means of reducing the volumes of runoff from urbanized areas.  Unfortunately, the 
infiltration capacities of many of the soils in the watershed are too low to allow this type 
of stormwater control.  Percolation basins are in use, however, in Morgan Hill and in 
Hollister on a limited basis. 
 
While it is generally considered appropriate to use detention basins to control the changes 
in instantaneous peak discharge due to urbanization for the more frequency events, it is 
not clear that widespread use of these control devices will produce a commensurate 
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reduction in instantaneous peak discharge over large watersheds.   The operation of 
systems of unregulated (unoperated) reservoirs could conceivably result in different 
degrees of attenuation of instantaneous peak discharges as the watershed becomes larger 
and larger and more and more of the watershed is controlled by detention basins.  
Therefore, it is not clear just what the degree of downstream peak attenuation can be 
accomplished using the standard stormwater detention facility. 
 
The scenarios that involve increasing urbanization above the existing level produce 
increases in the volume of runoff as reflected in the 3-day average discharges as shown in 
Table 10.6.  Instantaneous peak discharges as shown in Table 10.5 may be somewhat 
amenable to mitigation through use of upstream detention basins attached to new urban 
developments.   It should be noted however that the downstream Corps project will be 
completed by the year 2050 and would be able to accommodate the increase predicted in 
the Ultimate Build-out Scenario. 
 
The 1947 Conditions Scenario provided some surprising results as shown in Tables 10.5 
and 10.6.  This PRO-FLO model for this scenario did not include the storage and 
attenuation effects of the three large reservoirs – Uvas, Chesbro and Hernandez.  This 
“removal” of these control devices led to some very interesting and perhaps unanticipated 
results.   
 
In Table 10.5 under Location, San Benito River, the instantaneous peak discharges 
increased significantly for all return periods.  It was discovered that removal of 
Hernandez Reservoir had a significant impact on downstream peak discharges because 
the reservoir held back and significantly attenuated the runoff hydrograph from the 85 
square miles tributary to that reservoir.  Removal of the reservoir not only increased the 
peak discharge, but equally importantly, moved that peak discharge up in time so that as 
it traveled down the San Benito River valley it added almost directly to the peaks of other 
sub-watershed hydrographs.  With Hernandez Reservoir in place the peak discharge from 
the upper 85 square mile watershed was lagged approximately 8 hours behind the time 
when the peak inflow reached the reservoir.  This timing effect resulted in the large 
increases at the San Benito River location as well as at the Chittenden location and the 
D/S Salsipuedes location.   
 
For the Lake Outlet location the discharges were impacted by the removal of Uvas and 
Chsesbro Reservoirs.  Similar to the San Benito River the peaks were increased 
significantly on Llagas and Uvas Creeks.  However, when Llagas Creek joined the Pajaro 
River, the Pajaro River peak dominated.  This peak was slightly larger and was lagged in 
time due to the attenuation effects of Pacheco Reservoir and Upper Soap Lake (San 
Felipe Lake.)  However, once Uvas Creek joined the Pajaro the peak shifted back to a 
combination of Llagas and Uvas Creek being the dominant peak and the outflow from 
Upper Soap Lake being somewhat smaller.  This complex interaction due to the timing of 
runoff hydrographs resulted in a slight increase at the larger return periods and much 
greater increases at smaller frequencies.  The two reservoirs do indeed provide significant 
peak reduction for the more frequent events. 
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In 1955, stream gages indicate that runoff from the storm, which was about a 22-year 
event, jumped from their normal peak discharge and 3-day average discharge of 5,755cfs 
and 2,130cfs to 24,000cfs and 15,100cfs.  Stream gage data regressions indicate the peak 
discharge should be 24,500cfs and the 3-day average to be 19,000cfs.  PRO-FLO, which 
is calibrated to those regressions, models a 25-year event in 1955 to have a peak 
discharge of 31,255cfs and a 3-day average discharge of 19,048cfs.  Since the model 
relatively accurately reproduced stream gage data, assumptions made about land use and 
the impact of reservoirs are further confirmed.    
 
Looking at Table 10.6 under the Lake Outlet location it will be noted that the 1947 
volumes are increased slightly.  These increases are due to the amount of runoff currently 
trapped by the reservoirs during flood events and held for later release for groundwater 
recharge.  Those stored volumes are much more significant at the more frequent events 
than they are at the less frequent events. 
 
Conclusions 
 
Urbanization increases peak discharges and 3-day average discharges.  From a percentage 
increase standpoint, the effects are more significant at the flow return periods than at the 
higher return periods.  However, from a watershed-wide perspective the potential 
increase in peak discharge from a build-out of all current general land use plans is 
relatively small – less than four percent increase for the 25-year flood and approximately 
2 percent for the 100-year flood. 
 
Increases in 3-day average discharge are slightly smaller than the increases in peak 
discharges. 
 
The small changes in design discharges can be found to be slightly more significant when 
looked at in terms of a change in level of protection to the existing Corps of Engineers 
flood control project on the Pajaro River downstream of Murphy’s Crossing.  The current 
project has a design capacity of 18,000 cfs from Murphy’s Crossing to just upstream of 
the confluence with Salsipuedes Creek and can hold approximately 25,000 cfs based on 
the project’s performance during the February 1998 flood event. 
 
Changing the peak discharge at the Chittenden gage for “Ultimate-ultimate” conditions as 
shown in Table 10.5 would result in the return period of the 18,000 cfs design capacity 
being reduced from its current 12-year capacity to an 11-year capacity – approximately a 
10 percent reduction in level of protection.  Looking at the 25,000 cfs carrying capacity 
as experienced in 1998, this level of protection would be reduced from its current value 
of 25 years to approximately 23 years – again, approximately a 10 percent reduction in 
level of protection. 
 
While it is true that upstream detention of urbanizing areas may have detention basins 
constructed as mitigation measures to reduced localized increases in peak discharge, it is 
not as evident that these mitigation measures will be just as effective in mitigating those 
increases in peak discharge at the Chittenden stream gage.   



LAND USE SCENARIOS -9- April, 2002 

 
Therefore, while urbanization does not significantly add to the design discharges 
downstream of Chittenden, this urbanization may create a lowering of the level of 
protection of the existing flood control project. 
 
The three large reservoirs in the watershed – Hernandez, Uvas and Chesbro – have been 
very effective in reducing the peak discharges of the more frequent events and, in the 
case of Hernandez Reservoir, have been effective in reducing peak discharges across the 
frequency spectrum. 
 
  



Table 10.1
Pajaro River Watershed

Changes to Percent Impervious & Curve Numbers
(From Existing to General Plan Buildout Scenario)

Sub-Watershed
AB CD AB CD AB CD

SB-1 n/a 0.0 n/a 0 0 100
SB-2 0.0 0.0 3 0 3 97
SB-3 0.3 0.0 1 0 5 95
TP-3 0.1 0.0 1 0 16 84
TP-4 0.0 0.6 3 0 19 81
SB-4 7.5 1.2 -1 -1 5 95
SB-5 5.2 0.0 2 0 14 87
SA-1 0.0 0.2 4 1 5 95
SA-2 17.5 11.3 -5 -2 7 93

ADP-1 0.0 0.0 0 0 29 72
PC-1 n/a 0.0 n/a 0 0 100
PC-2 0.0 0.1 0 0 11 89
PC-3 1.2 0.0 4 1 11 89
TQ-1 21.2 12.8 -1 -1 30 70
PJ-1 0.3 0.4 7 1 26 74
PJ-2 0.8 0.0 2 1 27 73
LL-1 n/a 0.5 n/a 0 0 100
LL-2 9.1 0.0 -1 -1 59 41
LL-3 21.9 15.1 -4 0 42 58
UV-1 0.0 0.3 1 0 3 97
UV-2 1.9 2.2 2 -2 43 57
UV-3 0.0 0.0 0 2 20 80
PJ-3 n/a 0.0 n/a 0 0 100
PJ-4 2.7 0.0 0 0 27 73
PJ-5 0.6 0.0 0 1 48 52
PJ-6 1.7 0.0 3 2 88 12
CO-1 1.6 2.8 0 3 74 26
SL-1 0.0 1.4 3 2 33 67
SL-2 16.9 15.2 -4 0 73 27
WS-1 13.3 4.8 3 4 68 32
PJ-7 0.0 2.8 0 0 44 56

% Impervious Curve Number % of Sub-Watershed
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